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Idea of Nab experiment

@) - O Fundamental

p ‘ qgv Neutron Physics
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dl < o(E,) |1+ aE—:coseev +b E,

Measurement of electron energy spectrum
gives the Fierz term b.

Measurement of a from measurement of
proton and electron energy.

General Idea: J.D. Bowman, Journ. Res. NIST 110, 40 (2005) COld NCU'[I'OII
Original configuration: D. Po&anié et al., NIM A 611, 211 (2009) Beam from left
Asymmetric configuration: S. BaeRler et al., J. Phys. G 41, 114003

(2014)

J. Ramsey, ORNL
Si Detector: L.J. Broussard et al., Nucl. Inst. Meth. A 849, 83 (2017)

and Hyperfine Int. 240,1 (2019)
Simulated Spectrometer Performance: J. Fry et al., EP) WOC 219, 3
04002 (2019)



pNab: Measurement of correlation coefficients with polarized

neutrons
b or b, may indicate S,T B, # B,y(1) may indicate V+A
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Idea of the cos Gev spectrometer Nab @ SNS
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Simulated Nab data analysis

[ T T I T T T T I T T T ]
i 1 Pe 0 2 ]
[ +aE—ecos ev(pp ) h
= [ ]
2t i
Rl AN ]
T | cos Oy (pp?) = —1 / ]
-;a i |
S cos 0, (pp?) = +1 .
i o I
0.0 0.5 1.0 15
pp2 [MeV?/c?]
;= mp-Spectrometer length (see here)

P = p,—component along B

Yield

12000

4000

0

Full GEANT4 spectrometer simulation:
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We will discuss the mapping t,, — t;, later
(w/o, we don’t have trapeziums)



Connections to observables

Neither E, nor pzz, is actually observable. The actual determination of a requires a fit to

Eemax p;za,max
1 1
P (t—z,Ee’reC> =N f O (E, rec Ee) f @, (t—z,pﬁ) '(E.,p5, a,b)dp; dE,
P 0 p;,min Y

Electron energy response function @ (Ee,rec, Ee): We try to reconstruct electron energy
from the energy deposit of the electrons in the detector, eventually by summing over
multiple hits. This can be described with an electron energy response function
®p(Eerec) Ee), which connects reconstructed E, ... and electron energy at decay E,.
Proton momentum response function @,(1/t3,p3): Similarly, we estimate the squared
proton momentum from a measurement of the squared inverse proton time-of-flight. We
advertised our spectrometer with the statement that the width of @, (1/t2,p2) for given pZ
is only a few percent. The various fit methods differ by how they obtain this function.
Latest writeups: Method A, Method B, Method F (Frank), Method C (David B.)

(Frank’s recent summary of his use of methods A and F is here)

Equation above needs verification from Monte-Carlo, it misses correlation of the
response function due to the correlations between proton and electron impact angle,
and due to radial coordinate of impact position. So far, that passes only for the case w/o
electric field (although the issue may be in the fit model and the mapping that is part of
that, not in the equation above — Jason, Stefan, ) 7



Data processing: the path to “filling a teardrop”, cont.

And finally, we have to choose the fit region. Different fit methods have different
requirements.

* Inner fit region: Not very sensitive to detector response, but to “a” coefficient (the
“slopes”)

» Difference between inner and outer fit region: The edges, sensitive to detector TOF
response.
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Simulated data from F. Gonzalez, ORNL



Raw

data

g Data selection (analysis thresholds,

gamma flash, outages)

Deal with crosstalk at
waveform level

A4

Apply coincidence conditions,
select e and p and process. *)

Compute t,, (incl. correction

*) Note that an individugl electron or proton
may be part of multiple pairs

for DAQ timin'g sync offset)

Electron TOF
correction (tpe —> tp)

Charge collection time and detector
transit time correction

v
Assign pulse height to e or p
each waveform candidat
v
Apply energy 5
calibration
!
Combine m
multiple hits ssigned

4
TOF mapping (t, = t'p)

tl
p
assigned




Candidate

(Eerec. tp) pairs
v

Fill 2D histogram

L

Dead time correction

v
Correction for DAQ

trigger efficiency

Subtraction of

accidental background
v

Correction foredge
acceptance effect

Histogram is ready for

method A,B,... fit
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Nab Starter Exercise

e High barrier to entry with regards to data analysis

(@)
(@)
(@)

# of accounts required - many

Data and file structures to understand - also many
Undergrads don’t always have the free time to get over the initial analysis hump

e Simple exercise that lets new members of the group make a teardrop!

(@)

(@)
(@)
@)

Link to theory teardrop code on the wiki
Small csv file with processed data
Coincidence and backscatter logic already included
Goal of exercise: produce a teardrop similar to that from the theory code with the included
data
m README includes guidance and tips for getting there

Starter Exercise (Irony: you need an account to access)

11
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https://drive.google.com/drive/folders/1QAs1kMovId9OX0rb3SKR3mA6RM_q05Oe?usp=drive_link

Analysis Teams

e Student-centric analysis meetings started 08/19/2025
e Two analysis teams formed (not finalized) with onsite folks interested in

analyzing data all the way to little ‘a’
o Anyone is welcome to join a team! Not limited to onsite personnel of course.

e The boundaries for what teams share/silo are completely undefined as of now

e Our goalis to have each team member develop analysis machinery to
produce physics corrected teardrop ready for ‘a’ fitting before truly
branching off into separate teams

12

Flowchart
(Click me)



Analysis Teams

Group 1:
Andrew H.
Arlee S.
Andrew M.

v DURACELL

Group 2:

August M.
Rebecca G.
Hunter P.
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Data Selection

Hunter Presley and Andrew Hagemeier

(Click me)



Data Selection (non-exhaustive)

Gamma flash
Proton peak
T

pe
Pulser cut
Outages

Beginning and end of subruns

SRS
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Data Selection - Gamma Flash

Spike in events corresponding to
accelerator pulse

Use board channel 227
(accelerator t0) to determine
accelerator period

Modulo timestamps with
accelerator period

10° 3

105‘5

10°

Gamma Flash

104 E
103 E
i e I-“lrJHJL‘JHh‘L.J"—r"—Lr“’" JW’U‘I_“"“'-"'U“-""-"LF"U

102‘E

101‘5

i3 Trigger ts
] 1 False Coincidence ts
Coincidence ts

0.0110 0.0115 0.0120 0.0125 0.0130
Trigger timestamp % accelerator period
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Data Selection - Proton Energy and Time of Flight

le6

Proton Energy
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Data Selection-Temporal Cuts Bias

Adjustment

e Temporal cuts, without adjusting can cause a bias in
proton tof

e Two Types of Temporal Cuts
o Cuts longer than a coincidence window
m Subruns, Outages
o  Cuts Shorter than a coincidence window
m  Gamma Flash, Pulser

e How to deal with this effect
o  Study this effect with simulations to determine bias
o Not accept coincidences where this would be a problem
m Cut out proton hits within a coincidence window after the cut
m Cut out electron hits within a coincidence window before the
cut

Flowchart
(Click me)

Subrun Start ——f—
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Deny Electrons e
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Waveform Processing

Andrew Mullins

FFFFFFFF
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Sliding Least Squares — Method (Each Channel)

e Use waveforms to generate template
e Fit waveforms with basis functions using a sliding window:
o Constant
o Linear
o Template
e Fit parabola around minimum in chi squared
o Sub time bin timing resolution
o Sub ADC Unit energy resolution

21
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Sliding Least Squares — Waveform Preparation

*Pole-Zero Cancellation

*Exponential Background -> constant offset

*Constant offset -> linear background

*Pulse -> step function

Sample Waveform

100 A

& &

ADC Units
N
wm

0 1000 2000 3000 4000 5000 6000 7000
Time bins (4 ns)

Pole-Zero Cancelled Waveform

150000 A

100000 -

50000 -

04

—50000 -

—100000 -

0 1000 2000 3000 4000 5000 6000 7000 22

Time bins (4 ns) Flowchart
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Sliding Least Squares — Template Extraction

«Stack waveforms in a matrix

*Compute Singular Value Decomposition (SVD)

*Extract template waveform from principal mode

150000 4

100000 +

50000 -

0
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Pole-Zero Cancelled Waveform Stack

—— Waveform 1
~— Waveform 2
- Waveform 3
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rk\
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Sliding Least Squares — Template Extraction
*Exclude artifacts from template pulse

*Trim waveform by a configurable amount

*Fit waveform to constant offset, linear, integrated gaussian

Principal Mode Template Waveform
] . 1.00 1 —— Raw template waveform
I I Fit
| I
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Sliding Least Squares — Template Extraction

*Remove linear component and constant offset
*Set amplitude to 1 for easier energy extraction

Template Waveform Extracted Template

1.00 1 —— Raw template waveform 301
— At : APVAPAAAAAAAAA
0.95 1 :
0.8 4
0.90 1
5 0.85 A 9 0.6
£ €
= 0.80 -
(@) O
0 Q
< 0.75 < 04
0.70
0.2
0.65
&6 /vwm/vvwv‘f
; 0.0 1
1000 1050 1100 1150 1200 1250 1300 1350 1400 0 500 1000 1500 2000 25%

Time bins (4 ns) Time bins (4 ns) Flowchart
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Sliding Least Squares — Fitting as a Convolution

Least Squares Fit using basis functions

*Constant, Linear, Template

1.0 -
0.8 -
0.6 -
0.4
0.2

0.0 1

Basis Functions

:

- Constant

~—— Llinear

— Template
500 1000 1500 2000 2500

Time Bins (4 ns)

125

100 A

75 1

25 1

Sample Fit

- waveform

- :

500 1000 1500 2000 2500

Flowchart
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Sliding Least Squares — Fitting as a Convolution

*Use convolutions to ‘slide’ basis functions along waveform
*Calculate Chi Squared as a function of position along the waveform

Sliding Window Fit (Timing Index 3400) 1e6 Chi Squared
—— Pole Zero Cancelled Waveform

1.8 -

100 4
1.7 1
50 1.6 A
1.5 1

0
1.4
_50 1.3 1
1.2
_100 T T T T T T T T T T
2500 3000 3500 4000 4500 1000 2000 3000 4000 5000 6000

Time bins (4 ns) Time bins (4 ns)
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Sliding Least Squares — Fitting as a Convolution

*Quadratic fit around minimum for sub time bin timing resolution

1e6 Chi Squared

1.8 1

1.7 1

1.6 1

1.9

1.4 1

1.3

1.2

1000 2000 3000 4000 5000 6000
Fit Index (4 ns)

1e6 Chi Squared

1.400 A

1.375 1

1.350 A

1.325 4

1.300 A

1.275 1

1.250 A

1.225 A

3460 3480 3500 3520 3540 3560 3580 3600
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Sliding Least Squares — Fitting as a Convolution

*Quadratic fit around minimum for sub time bin timing resolution

Sample Fit Energy From Fit
125 A
—— waveform 60 —— Energy From Fit
wod fit ——— Parabolic Fit
58 -
7o
50 1 56
25
54 -
o R
52 A
-235
-50 A 50 -
-75 A
48 i L Ll L] T L Ll L] T
0 500 1000 1500 2000 2500 3460 3480 3500 3520 3540 3560 3580 3600

Fit Index (4 ns)
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Sliding Least Squares — Results

*Timing Resolution validated with pulser data (different waveform template)
*Energy Resolution better than double trap filter

Timing Resolution From Pulser Data

3500
BN SLS Fitter 700 -
~——— Double Trap Filter
3000
600 -
2500 1 500 -
g 20004 2 400
g g
1500 300
1000 A 200
500 A 100
0- v M 0 T T T T
0 20 40 60 80 100 3296 3298 3300 3302 3304

ADC Units Time (4 ns)
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Sliding Least Squares — Work in progress

e Possible improvements
Fitting out oscillations in baseline
Improved weights in template fits (currently boxcar weights)
Adjust tau for pole-zero cancellation
Adjust window width
Exclude artifacts from baseline
e Validation Methods
o Use pulser data between two channels to measure timing offset free
from hardware trigger influence
o Synthetic data on realistic noise to accurately test SLS fitter vs double
trap or single trap filters

O O O O O
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Energy Calibration
Arlee Shelby
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207Bj Peaks

Fit routine broken up into 3 regions:
Auger electron peaks:

(@)

O

O

Optimal case: 8 peaks

Intermediate conversion electron peaks:

High-lying conversion electron peaks

482 keV
554 keV
566 keV

976 keV
1048 keV
1060 keV

Energy Electrons
keV per 100 disint.

eAL (Pb) 0.2 - 18,7 54,8 (7)
CAK (Pb) 2,9 ( “

KLL  56.028 - 61,669 }

KLX 68.181 - 74,969 }

KXY 803 - 88,0 }
ec1 0T (Pb)  481.694 - 569.680 2,112 (29)
ec1 o K (Pb)  481.694 (2) 1,548 (22)
ecl1o L (Pb) 553.838 - 556,664 0,429 (7)
eci o M (Pb)  565.848 - 567.215 0,1057 (16)
ec3 | T (Pb)  975.655 - 1063.640 9,53 (18)
ec3 | K (Pb)  975.655 (3) A1)
S8 1 1. (Pb)  1047.798 - 1050624 1,84 (5)
ec3 1 M (Pb) 1059.808 - 1061,175 0.441 (25)
€C3.1 N (Pb) 1062.765 - 1063.523 0.1193 (30)
301 max: 805.8 (21) 0,012 (2)
B0 1 avg: 3834 (9)
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207Bj Fit

(x— c,
e For each peak: 7, =
c
F = Gaussian + lower exponential + step function 1
1 R -o.-

e Parameters: _E(Zl)z e o o171 Rs'Al

o c: peak centroid Fl = Al-e + RA'Al' Ny + . 9

o o: peak width (1+el) (1+el)

o A:peak amplitude

o R,:global amplitude ratio between lower expo amplitude (A, .. eXpo) and peak amplitude (Apeak)

m  Constraint: A .00 <
po peak
m For multiple peaks fit simultaneously, constrains A
R_: global width ratio between lower expo width (o, expo
m  For multiple peaks fit simultaneously, constrains o, . to be same fraction of o
po peak
R.: amplitude ratio between each step function and each peak (A /A

step peak)
m ConstransA_, <A
step peak

ower e to be same fraction of A
wer expo pe
) and peak width (o

ak

O

peak)

O
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Auger Peaks Fit Example: Pixel 60

. 200 1 —— raw data
e For each energy line (56 and 68 it
keV) — Gaussian
) —— lower expo
150 - S R
F,, = Gaussian + lower exponential + step
function
e FulfitF=F +F, = ]
Q
50 -
( X—= Cl) ( X—= 02)
Z, A = Z2 =
40 60 80 100 120 140 160 180 200
Energy (ADC)
__(Z|)2 CR" 6,2, R .Al _i(zz)z eRo.cz.z2 RS2.A2
F=A -¢ 2 +R A - ——m + + A e ? + R A - —— +
(I+el) (I+e?) (1+e?) (1+e?)

Flowchart
(Click me)

Pixel 60: Auger Electron Peaks




Intermediate Conversion Electron Fit Example: Pixel 60

Pixel 60: Intermediate Peaks

e Foreach energy line (482, 350 -

— raw data
554, and 566 keV): —— full fit
200 —— Gaussian
F .3 = Gaussian + lower —— lower expo
exponential + step function 250 A — step
o FullfitF=F +F,+F, 566
(%]
€
= |
S 150
100 A
50 A
0 -

1300 1350 1400 1450 1500 1550 1600 1650 173 0
Energy (ADC) Flowchart
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High-Lying Conversion Electron Fit Example: Pixel 60

Pixel 60: High-Lying Peaks

e For each energy line (976,

1200 - —— raw data
1048, and 1060 keV): —— full fit
—— @Gaussian
F ;s = Gaussian + lower 1000 - —— lower expo
exponential + step function — step
. 800 -
o FulfitF=F +F,+F,
1]
€
3 600 -
O
400 -
200 A
o L s

2800 2850 2900 2950 3000 3050 3100 3150 323070
Energy (ADC) Flowchart
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109Cd Peaks

e Fit routine has one region

c . lect Energy Electrons
° _ onversion electron energy (keV) (per 100 disint.)
lines:
AL (Ag) 1898 167.3 (8)
m 84 keV
87.3 keV eak  (Ag)
" ' KLL 17,79 - 18,69
m  87.9keV KLX  20.945 - 22.160 20.8 (6)
e Optimal case: 2 peaks KXY 24,079 - 25,507
o  Detector resolution cannot 50 1c T 62.520 (1) 41.8 (8)
resolve the L, M and N shell eCTT Ag) | 84.2279 - 84.6826 44.1 (9)
energy lines ecionm (AgM™ 87.3162 - 87.6670 9.04 (19)
ecion (Ag) | 87.9385 - 88.0304 1.413 (29)
38
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199Cd Fit

o '99Cd spectra has a much larger tail

contribution
o Fit function for 2°’Bi doesn’t work
o Use a modified exponential with two
components for each peak

e Foreach peak:

F = modified expo (short tailing) + modified expo (long

Counts

tailing

tailing)

peak

e Parameters:
o c: peak centroid (x—c.)
o 0: peak width - '

o n:fraction of peak area  F, =1y, 4 ¢ ! -(l—erf([

m  Constraint: n, > N,
m  Normalization Constraint: n, +n,, =1
m  For multiple peaks: n,,, same for all
peaks
o T tailing parameter
m Constraint: 1, <7,

Energy

\/E.T]]] + 1]2-Al-e kK -(l—erf( \/_

39
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F

- R . A 2 1=
Fo=R, Nppax A2 e (1 erf( +

2 \/E'Tz

= Mpp”

(x=¢) (x=¢)

T
+ 112-A|~c

T

I
Al-c

[(x—cl) o,
| I -er +
\/E'6| \/E'tl

and 84 keV):

F = modified expo (short tailing) + modified
expo (long tailing)

o Also have two energy lines ~87 keV
constrained to 84 keV line:
m R, area ratio constraint
m R centroid ratio constraint

(x—Rc-c2)
(x— Rc- 02)

+

2

Jre

e FullfitF=F +F,+F,

o

| (x=c))
o l-er e
\/E'0| \/E't’_)

e For the two main energy lines (63

Counts

)~

T1
+ Mppag A€

Conversion Electron Fit Example: Pixel 106

(x-c)

- (K—C/_)) 0y A T«\- el (X_CQ) %
f1-er + +n,:45¢ © | l-er +
\/5'5'_) \/E'ﬂ o \/E'GQ \/E'tg

Pixel 106: Conversion Electron Peaks

(x-¢))

~

6000 A

5000 A

4000 A

3000 A

2000 A

raw data

full fit

Short Tail

Long Tail

Short Tail: 2nd Peak
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UDET vs. LDET Energy
Extraction: 2°’Bi peaks

e UDET: fit function works well
o | use the “standard” nabPy single trap filter
to extract energy
m Trap parameters (1250, 50, 1250)
(risetime, flat top length, decay rate)

e LDET: fit function works well with
modified trap filter parameters

o Using the “standard” filter parameters
many peaks unresolved

o Using trap filter parameters,
peaks can be resolved and fit function
works

m Modified trap parameters: (150, 20,
1250) (risetime, flat top length, decay
rate)

Flowchart
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Counts
w
=3
o

2000 -

1750 4

1500 4
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Counts

750 1

500 -

250 4

Pixel 1052 Auger Peaks: Standard Trap

Pixel 1052 Auger Peaks: Modified Trap

T T T T T T T T T
100 125 150 175 200 225 250 275 300
Energy (ADC)

Pixel 1052 Intermediate Peaks: Standard Trap

T T T T T T T T T
100 125 150 175 200 225 250 275 300
Energy (ADC)

Pixel 1052 Intermediate Peaks: Modified Trap

Counts

1200 1300 1400 1500 1600 1700 1800 1900
Energy (ADC)

Pixel 1052 High-Lying Peaks: Standard Trap

1200 1300 1400 1500 1600 1700 1800 1900
Energy (ADC)

Pixel 1052 High-Lying Peaks: Modified Trap

1000 4

Counts

2000 A

1750 4

1500 +

1250 4

1000 4

750 1

500 4

250 4
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UDET vs. LDET Energy
Extraction: '°Cd peaks

e Standard trap parameters (1250, 50, 1250) (risetime, flat top length, decay rate)

° trap parameters: (150, 20, 1250) (risetime, flat top length, decay rate)
Pixel 1019 Conversion Peaks: Standard Trap Pixel 1019 Conversion Peaks: Modified Trap
10000 10000
8000 - 8000 -
L‘I\‘
, 6000 - , 6000- Ji';‘ \
g g f \
8 S |
4000 4000
2000 A 2000 - f ;ﬂg
0 T T T T T T 0 T T T T — T
50 100 150 200 250 300 50 100 150 200 250 300
Energy (ADC) Energy (ADC)
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Fall 2025 Calibration Data (with RSIS)

e 80% field (MAIN/UDET: -110 A):
o Oct7-0ct8

e Full field (MAIN/UDET: -137.2 A):

o Oct13-14
o Oct 20 -0Oct 22
o Oct29-0ct 31

e Reverse full field (MAIN/UDET:

137.2 A):
o Nov 5, Nov 10 - Nov 11

43
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Linear Calibration Results from 2°’Bi: Example Pixel 76

e Linear calibration: y =

mx+b
o m: gain (ADC/keV) &
e Examples shown for
pixel 76
o Top: UDET

Pixel 76 Gain Over ~3 Week Period

o  Bottom: LDET\

e “std”: standard deviation
of each distribution (i.e.
gain/offset)

s (ADC
Gain (257)

Flowchart
(Click me)
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Average Linear Calibration Results from 2°’Bi: Gain

e Linear calibration: y = mx+b

o m: gain (ADC/keV)

e \ariation = standard deviation of distribution for each pixel

3.15-
__3.10
Q>
Qlu
T 305
| =y
T
O 300
Q
{@)]
o
o 2.95
>
<
2.90 -
2.85

o UDET and

o Two outliers not shown in left plot: UDET pixel 95 and LDET pixel 1054 (low gain pixels)

Pixel Average Gain Over ~3 Week Period
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Average Linear Calibration Results from 2°’Bi: Offset

Linear calibration: y = mx+b
o b: offset (ADC)

e \Variation = standard deviation of distribution for each pixel

20 1

Average Offset (ADC)

101

o UDET and

Pixel Average Offset Over ~3 Week Period
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Pixel
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Linear Calibration Results from ?°’Bi: Nab Requirements

e To meet Nab “little a” precision goals:
o For 0.1% ultimate goal: offset uncertainty <0.3 keV
o Estimate for 0.5% result: offset uncertainty <1.5 keV (5 times larger)

e Each dotis an individual run: all UDET and most LDET pixels have at least one run

that meets Nab requirements
o 5 outlier runs not shown

Offset Uncertainty Over ~3 Week Period
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Pulser Data

e Pulser signal sent through detector electronics chain

e Fall 2025, pulser data:

o Every pixel
o Raw pulser output signal (which is what is sent through electronics)
m Used to determine if pulser itself contributes to trends in pulser and source data
m Board channel (BC):
e UDET: 112, LDET: 223
o Pulser trigger signal
m BC:
e UDET: 118, LDET: 230

e | fit pulser peaks to a Gaussian

e Impact for calibrations:
o Way to determine if trends in source peak centroids are due to electronics vs. detector effects
o Goal: determine if source trends can be adequately tracked with pulser
m  Reduce frequency of calibration suites
o Fall 2025:
m Pulser (for the most part) always on

m Temperature study done (Nov.) to determine if pulser tracks source data with temperature
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UDET Pixel 48

207Bj Centroid: Pixel 48

Pulser Centroid: Pixel 48
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LDET Pixel 1052

207Bj Centroid: Pixel 1052

Pulser Centroid: Pixel 1052
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Stability

e Only over ~ 2 week (pulser settings accidentally changed during last week of
data)

- UDET Ratios LDET Ratios
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Stability

e Over last week (pulser settings accidentally changed during last week of data)
e One outlier not shown in LDET plot (right)
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Energy Reconstruction

Andrew Hagemeier
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- Energy Reconstruction

What Is a Coincidence Event

e Electron & Proton Candidate

« Determined by Energy, must be distinct in DAQ v1.5
e Proton Energy Window 2025 Fall
e 20-90 ADC (~ 6 - 27 keV)
e Electron Energy Window 2025 Fall
e >90 ADC (~ 27 keV)

e Tof Window

« Electron Candidate within coincident pixels of proton
candidate occurs within the coincidence time window of
that proton candidate

* .« An electron can be coincident with multiple protons

4
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-3000
-4000
-5000
-6000
-7000
-8000

-9000 |
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Energy Reconstruction

Electron Energy Reconstruction

e Backscattered electrons occur within the backscatter
window of a previous electron, can be telescoping

Teardrop Backscatter Logic Difference

e Call these electron events

e Multiple electron event
possible per proton

e Determining if distinguishable is
yet to be determined

UTof? [us™?]

0.002

e Energy sum of electron events
for total electron energy

0.001

0.006
0.005 A
0.004

0.003 A1

I

(With - Without)

0

_‘;

I

|

500

1000 1500 2000 2500
Electron Energy [adc]

0.0015

0.0010

0.0005

0.0000

-0.0005

total count rate [Hz]

-0.0010

-0.0015

e Add the HV of the detector to the last electron hit to the energy
e Timing of electron event is taken from first electron hit

5
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Energy Reconstruction

Backscatter Rate

« ~9% of events have at least one electron candidate within my
backscatter window (200 ns) of another

e <1% of all events have more than two backscattered electrons
- Plots & percentages do include backgrounds

Electrons per Proton via DAQ Backscatters per Electron
10° T . A h :
107 1 g 108
10° § L 107
10° 10°
8 8 10°
3 10° 5 5
(&) 8 10¢
3
10 10°
107 § i 10°
10 3 L 10!
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Number of Electron from Online DAQ Logic Number of Backscatters Per Electron from Offline Logic
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Pixel 64 Bi-207 975 keV line neighbors

Cross Talk
Taken from peak of calibration line Al
during overnight source run, looking ik
at triggers within 100 ns of electron Y v % W ®
h|t Pixel 1051 Bi-207 975 keV line neig_hb::rr:mT(awmnergy
See no significant counts above St
background noise I
Not above electron threshold on :
Goop! (LDET) 8
Not in proton threshold region on
VALENTINE(UDET) 0

Energy [adc]
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Background Subtraction

Hunter Presley
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Background subtraction

Background Subtraction

What to expect?
e Brief explanation of false coincidences (background)
e Two subtraction methods (WIP)

o Time shifting
o Spatial cut

What not to expect

e Finalized results :)

59
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Trigger stream teardrop

e Coincidence logic on

triggers

e Backscatter logic
(see previous talk)

timestamp bc energy pixel
0 61084632036886 35 614 101
1 61084632036890 73 3123 111
2 61084632043368 63 222 23
3 61084632045386 178 574 1049
4 61084632101314 142 392 1078

1/TOF? (us™2)

0.008 A

0.007 A

0.006 -

0.005 4

0.004 A

0.003 A

0.002 4

0.001 4

Background subtraction

Two Rings

0.000

500

1000 1500

Electron Energy (ADC)

2000

2500
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Background subtraction

False Coincidences

e In a perfect world we detect every proton-electron pair born from each neutron decay within our
decay volume with 100% accuracy —® 0 false coincidences
e Coincidence events
o PID: Energy window and detector location
o ldentify proton and look back in time for electron signals
o In many cases, a single proton will have multiple equally qualified electron candidates

One Proton Two Events
A

—

. 1 . .
'
i
1

Window —>

Time
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Background subtraction

How to subtract out the background?

e There is no way to isolate true coincidences in the data (would be nice)
e We CAN isolate false coincidences by looking at regions of data where true
coincidences are physically impossible to occur
o Temporal isolation
o Spatial isolation
e Background subtraction procedure:
o Produce false coincidence distribution

o Normalize and subtract from signal distribution

62
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Temporal Isolation

Add an offset to all proton times prior
to running the coincidence logic and
energy reconstruction

Offset should be large enough that no
electrons in any particular proton Time
lookback window could physically be

coincident with that particular proton

Background subtraction

63
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_ Background subtraction
Temporal Isolation

e Rerun coincidence logic with timeshifted protons
o For this | used 1 beam period ~(.0167s)
o Apply identical cuts/corrections

m [iming synchronization

m Gamma flash

m Enerqgy and timing windows

m Coincidence < 3 rings

o Subtract time-shifted teardrop from original

64
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#

Temporal Isolation
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Background subtraction

Temporal Isolation

0.006 1
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Background subtraction

Spatial Isolation

aaaaa

e Create new “distance” variable for _—
every coincident event that gives the I I

uuuuu

number of rings between the proton

&
02020202080 25!

N r 3 Eo0S0S00ECCIN

and electron (initial hit) L R
“l l' 0 ooooo

e Cuton a region of the data where .“‘.‘,"'.

coincidence is spatially very unlikely FocoE |

f 0202020202

(more than 3 ring separation from i ose00208a2000

O L0 20892020

992050,
electron and proton) to isolate false I QD=0

00000

coincidences
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D istance Va riab|e Background subtraction

Electron coincidences for protons on pixel 64
Dist==3 Dist== Dist==5 Dist==6
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Spatial Isolation

e Normalized using timeshifted data
e Number of events passing cuts under
two rings for time shifted vs standard
o Probably better way to normalize
o WIP

Ratio of time shifted to standard coincidence counts per ring

®
1.0 A ® A 4 L *—o L *—o

Shifted / Standard
o o
o ©

o
IS
L

o
N
L

T T T T T T T T T T T T T
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Rings

Background subtraction

Distance distribution for standard and

1e7 timeshifted coincidences
Standard
- Time shifted
Normalization
Using 4th Ring Only
BACKGROUND

0 2 4 6 8 10 12
Distance (rings) 69
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1/TOF? (us=2)

Spatial Isolation

Coincidences < 3 rings

Background subtraction

Coincidences on 4th ring

0.006 A 0.006 A
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Background subtraction

Spatial Isolation

Subtracted (Spatlal Method)
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1074
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Background subtraction

Timeshifted Background - Spatial Background
0.006
103
0.005
10#
& 0.004 w
» 2
2 5
© : -0 S
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Background subtraction

Summary
e Plots shown created from trigger 7
stream A 3
o Filter parameters optimized for trigger § o003 s
efficiency, not energy and timing . o
resolution | p
e Spatial method el b
o Normalization needs work to be YT s 100 100 2000 subtracted rate: 224

Electron Energy (ADC)

independent of temporal method subtracted (spatial Method) e 1
e Both methods should be used on
processed waveforms with optimal oaos | |
filter parameters = oo iy
o Need non-prescaled singles golm_ 10753
e Not the only methods in .
development! .l
100 150 2600 ) 73
Electron Energy (ADC) Flowchart
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Charge collection time & Detector
transit
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Charge collection time theory

Drift trajectories of charges and
After electron-hole pairs are created their weighting field determine signal shape.
movement is determined by

Weighting Potential @ y = 0.0m
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Peak normalized signal (arb.)

Charge collection time bias

Once detector has been characterized, we can simulate
signals with NESSE to determine the detector timing bias.

Note that increased bias voltage and SNR decrease timing

uncertainty.

With noise signal start is obscured,
timestamp is assigned after true start.

3
= 30 keV p+
2| == 87 keV e-
— 363 keV e-
1.
0 . Y A e ——— ]
/Z/
R e = r
_2 ' i
-100 =50 0 50 100 150 200
Time (ns)

Unless timing offset is known for
every event, there will be a timing
bias....

Notice timing offset variation
between electrons and protons.

Timi ffset varies f tt d
Distributions of the timing extraction IMing oTiset varies for even. Ype an
offset using a logistic fit to determine t_0.  Voltage. IDP causes 0.8 ns timing range

at -300 V.
—— 30keVp —:= 87keVe~ -== 364 keVe~
—— -150.0V —— -210.0v —— -300.0V
7771 363 keV Sn o
1001 ==-1 87 kev Cd 1 £ 34
5 1 30 keV Protons ,, Q 5 ]
K £
o 307
60 <
£
-t
401 | S
it >
20 = t
% o 2 .
0 S PR Y 7. e : i Man e . 2
-40 -20 0 20 40 60 80 D

etector pixel ring
Signal start time offset (ns)
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Charge collection time correction

— . —— 30keVp —:= 87keVe~ -=-= 364 keVe~
What do we need to know to reach <0.3 timing bias due to charge —— -150.0V  —— -210.0V —— -300.0V

collection time?

34 4
e Expected offset as function of electron energy (~5 ns)

o Accurate energy calibration and extraction
o Requires signal shape simulations for full energy range
o NESSE must be tuned to detectors (correct mobility,
geometry, bias voltage, scattering input, etc.)
e Impurity density of every pixel (~1 ns)
o Determined by comparing calibration signal risetimes to
detector simulations

32 A
30 A
28 A
26

Average timing offset (ns)

- Manitoba o VALENTINE
1 a4
g 2.5 - ILE)
% 2.0 % 31
2 = "
> 15- . Preliminary assessment
2 5 2 <— using manitoba
: [0
D D 4 . .
2 051 . simulations
éo.o- —— Cdand Sn é_o_ ' ' | | |
ks 1 2 3 4 5 = 1 2 3 4 5 77
Detector pixel ring Detector pixel ring Flowchart
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Proton Time of Flight Correction
August Mendelsohn
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The Situation

Raw data: detected t.,” and t,° timestamps
Create “tof” by: t,”-t°
€ (complicated by backscatters - take first electron timestamp)

Need to correct “tof” and ascribe uncertainties due to the proton interactions
€ Orinclude as fit parameters - either way, need to keep track

Does not take into account path length variations due to:
Birth location (neutron beam)

Magnetic field interactions

Electric field interaction

Charge collection time in silicon

Amplifier uncertainties

Electron time-of-flight

Missed (below threshold) electron backscatters

-> Table to follow, based on this list.

N I 2

0060000
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https://nabcms.phys.virginia.edu/apps/nabwiki/doku.php?id=systematics_master_list

ToF Contribution Sub-Effect Contrlbutlor_I to ToF Analysis Status
(Spectrometer) Uncertainty

ExB Field Reflected Protons negligible Measured

Electron ToF Electron ToF 5-25 ns Considered

Flowchart
(Click me)


https://docs.google.com/presentation/d/1UQozN6GEPL4B01mJ-w98pzDFag-1i_JKCL3WTkMQMMs/edit?slide=id.g276dfe27239_0_73#slide=id.g276dfe27239_0_73
https://nabcms.phys.virginia.edu/apps/nabwiki/lib/exe/fetch.php?media=exb_shift_2.0-0kv_b_reversed.pdf
https://virginia.app.box.com/s/qx7hz67vd4bhk16c6zi5je8hvsbaaf6x
http://dirac.phys.virginia.edu:8080/Magnet/419
https://nabcms.phys.virginia.edu/apps/nabwiki/lib/exe/fetch.php?media=neutronicsandshielding:beamprofile:firstmeasurement.pdf
https://nabcms.phys.virginia.edu/issues/133

ToF Contribution

(Detector/DAQ) Sub-Effect

Contribution to ToF

Uncertainty Analysis Status

Detector Synchronization

Stability

465 ns

ides!
4-50 ns during spring See next few slides!

cycle

Flowchart
(Click me)


https://nabcms.phys.virginia.edu/apps/nabwiki/doku.php?id=analysis_20251023
https://arxiv.org/abs/2511.15912
https://virginia.app.box.com/s/8llhkn3tech02880bmdkg7gg2lbmz7pu
https://nabcms.phys.virginia.edu/apps/nabwiki/lib/exe/fetch.php?media=daq_timing_sync_06-16-2025.pdf

Largest Uncertainties

e UDET E-Field
o Toy model is simulated - want to improve
o COMLSOL simulation of the electrode implemented in GEANT4
e DAQ timing synchronization
o Actually quite easy to implement: measure the timing offset between the two chassis, and add
the offset to the offending chassis, noting the uncertainty in that offset.

E.vst - At(E,,d) _
e FElectron ToF el
o J. Fry + S. Baeliler studied this extensively in 2019-onwards .} iyl
o E_ dependent, ranges from 5-25 ns i

4000

L # 3000)

2000

o Can trust simulation to 1%

te- At (E .d) [ns]
o

1000|

s 100 200 300 400 500 600 700 50 O
E. [keV]
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Applying the corrections

e Range from simple to impossible

o Timing synch (easy): add to all lower detector channel timestamps

o Efield effects/ edge effects (intermediate): Spatially dependent function, need simulations
(see later slides)

o Neutron beam/proton birth location (impossible): unknowable

e Can also leave as fit parameters (kind of side-steps the issue)
e Implementation depends on fitting order of operations, folds in with the
systematics discussion
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Timing Synchronization
Kaushik Borah
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Timing Synchronization
DAQ Synchronization Detector Synchronization

e Upper Chassis to Lower Chassis e Chassis + Detectors + Electronics
e No Detectors and No Electronics

NI PXle-10850)
P —
g/ { \’.’

N \" ’1’
& I
Flowchart
(Click me)



Number of Events

120 +

100 +

80 A

60 A

Error Analysis in Timing Synchronization

f(t;B,C,D) = B+ C cos (wt) + D sin (wt)

m BC#119 - BC#247

467.8 467.9 468.0 468.1 468.2

Time Difference (nanosecon: ds)

e Linear Fitting to the waveform with a chosen frequency
e Gaussian Fitting to the Histogram for Timing Difference

A=4/C°+D?
¢ = arctan 2
= arcta C

o
Standard Error = ——

VN

N is Number of Events

Flowchart
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Detector Synchronization for Fall 2025

e Run# 8382 (Taken on September 24th)
e Run# 8877 (Taken on November 3rd)
e Run# 8998 (Taken on November 19th)

Flowchart
(Click me)



September)Run#8382, Upper BC 5 vs all Lower BC Run#8877, Upper BC 5 vs all Lower BC

BC 215

BC 215

463.609+0.009 465.611+0.003

BC 174 BC 214 BC 174 BC 214

474.720+0.008 480.159+0.008

476.923+0.003 481.817+0.003

BC 175
475.276+0.008

BC 177 BC 170 BC 175 BC 177 BC 170

484.679+0.003

467.152+0.009 481.863+0.008 477.594+0.003 468.957+0.003

BC 179 BC 178

476.745+0.008

BC 172 BC 169

BC 179
476.668+0.003

BC 178
478.508+0.003

BC 172 BC 169

473.705+0.008

480.014+0.008 482.832+0.008

481.805+0.003 485.390+0.003

BC 185 BC 151 BC 132 BC 173 BC 168

BC 185 BC 151 BC 132 BC 173 BC 168

437.112+0.010 476.176+0.008 478.383+0.008 480.947+0.007 483.533+0.008 440.601+0.003 478.375%+0.003 480.723+0.003 483.939+0.003 486.696+0.003

BC 148 BC 131 BC 130

478.879+0.008

BC 171

BC 148 BC 131

479.822+0.003

BC 130 BC 171

452.312+0.016 477.783%0.008 481.456+0.008 453.415+0.005 481.586+0.003 483.949+0.003

BC 180
422.325+0.011

BC 147 BC 129 BC 144 BC 166

483.420+0.008

BC 180 BC 147 BC 129 BC 144

483.187+0.003

BC 166

477.646+0.009 476.920+0.008 479.524+0.008 424.543+0.004 479.144+0.003 479.135+0.003 487.169+0.003

BC 150 BC 128 BC 140

479.657+0.008

BC 165

BC 150 BC 128

481.247+0.003

BC 140 BC 165

475.422+0.009 480.218+0.008 481.802+0.007 476.561+0.003 482.529+0.003 484.582+0.003

BC 149 BC 133 BC 143 BC 164

483.894+0.007

BC 149 BC 134 BC 133 BC 143

483.966+0.003

BC 164

464.124+0.011 995.283+21.283 477.804+0.008 481.420+0.008

464.695+0.004 481.640+0.003 478.836+0.003 486.252+0.003

BC 146 BC 145

478.927+0.008

BC 167

BC 146 BC 135

482.975+0.003

BC 145 BC 167

484.670+0.010 1006.847+21.063, 482.639+0.008 485.016+0.003 480.649+0.003 483.209+0.003

BC 141

BC 209 BC 138 BC 139 BC 141

483.262+0.003

BC 196

959.019+20.823 1004.746+20.729, 972.882+20.976 482.927+0.008 1002.030+21.808,

488.649+0.007 484.409+0.003 480.500+0.003 486.486+0.003

BC 157 BC 142

483.149+0.008

BC 160 BC 157

BC 137
491.026+0.003

BC 142 BC 160

486.647+0.011 948.636+20.932 483.488+0.014

486.119+0.004 483.228+0.003 486.224+0.003

BC 188
408.908+0.056

BC 153 BC 159

BC 188 BC 153 BC 136 BC 159

485.230+0.003

BC 200

492.429+0.010 1014.512+21.187, 485.795+0.008 1002.030+21.808,

476.424+0.005 491.751+0.004 486.498+0.003 486.476+0.003

BC 154 BC 152 BC 162

485.724+0.008

BC 163 BC 154

BC 152 BC 162 BC 163

490.083%0.016 332.982+0.018 486.886+0.008 489.831+0.006 328.998+0.008 484.018+0.003 485.745%+0.003

BC 156
493.714£0.015

BC 155 BC 161

BC 156 BC 155 BC 161

475.715%0.009 488.301+0.008 485.563%0.006 471.021+0.003 486.078+0.003

BC 158 BC 192

494.892+0.003

BC 158

975.819+22.326 453.680+0.010

485.010+0.003
BC 195

968.550+20.444 482.692+0.003
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September)Run#8382, Upper BC 1 vs all Lower BC Run#8877, Upper BC 1 vs all Lower BC

BC 215

BC 215

464.771+0.009 466.847+0.003

BC 174 BC 214 BC 174 BC 214

475.882+0.008 481.321+0.008

478.159+0.003 483.054+0.003

BC 175
476.438+0.008

BC 177 BC 170 BC 175 BC 177 BC 170

485.916+0.003

468.314+0.009 483.025+0.008 478.831+0.003 470.194+0.003

BC 179 BC 178

477.908+0.008

BC 172 BC 169

BC 179
477.904+0.003

BC 178 BC 172 BC 169

474.867+0.008

481.177+0.008 483.995+0.008

479.745+0.003 483.042+0.003 486.627+0.003

BC 185 BC 151 BC 132 BC 173 BC 168

BC 185 BC 151 BC 132 BC 173 BC 168

438.274+0.010 477.338+0.008 479.545+0.008 482.110+0.008 484.695+0.008 441.837+0.003 479.612+0.003 481.959+0.003 485.176+0.003 487.933+0.003

BC 148 BC 131 BC 130

480.041+0.008

BC 171

BC 148 BC 131

481.059+0.003

BC 130 BC 171

453.475+0.015 478.945+0.008 482.619+0.008

454.652+0.005 482.823+0.003 485.185+0.003

BC 180
423.487+0.011

BC 147 BC 129 BC 144 BC 166

484.583+0.008

BC 180 BC 147 BC 129 BC 144

484.423+0.003

BC 166

478.809+0.009 478.082+0.008 480.686+0.008 425.780+0.004 480.381+0.003 480.372+0.003 488.406+0.003

BC 150 BC 128 BC 140

480.819+0.008

BC 165

BC 150 BC 128

482.483+0.003

BC 140 BC 165

476.584+0.009 481.381+0.008 482.964+0.008 477.798+0.003 483.765+0.003 485.819+0.003

BC 149
465.286+0.011

BC 133 BC 143 BC 164

485.057+0.008

BC 149 BC 134 BC 133 BC 143

485.203+0.003

BC 164

996.445+21.283 478.966+0.008 482.582+0.008

465.932+0.004 482.877+0.003 480.073+0.003 487.489+0.003

BC 146 BC 145

480.089+0.008

BC 167

BC 146 BC 135

484.212+0.003

BC 145 BC 167

485.832+0.010 1008.009+21.062, 483.801+0.008 486.252+0.004 481.886+0.003 484.446+0.003

BC 141

BC 209 BC 138 BC 139 BC 141

484.499+0.003

BC 196

960.182+20.823 1005.908+20.729, 974.044+20.976 484.090+0.008 1003.192+21.807,

489.886+0.007 485.646+0.003 481.736+0.003 487.723+0.003

BC 157 BC 142

484.311+0.008

BC 160 BC 157

BC 137
492.263+0.003

BC 142 BC 160

487.809+0.011 946.874£20.921 484.650%0.014

487.356+0.004 484.465+0.003 487.460+0.003

BC 188
410.070+0.056

BC 153 BC 159

BC 188 BC 153 BC 136 BC 159

486.466+0.003

BC 200

493.591+0.010 1015.675+21.187, 486.957+0.008 1003.192+21.807,

477.661+0.005 492.987+0.004 487.735+0.003 487.713+0.003

BC 154 BC 152 BC 162

486.887+0.008

BC 163 BC 154

BC 152 BC 162 BC 163

491.245+0.015 334.145+0.018 488.049+0.008 491.067+0.006 330.235+0.008 485.254+0.003 486.982+0.003

BC 156
494.876+0.015

BC 155 BC 161

BC 156 BC 155 BC 161

476.877+0.009 489.464+0.008 486.800%0.006 472.258+0.003 487.314£0.003

BC 158 BC 192 BC 158

976.982+22.326 454.843+0.010

496.129+0.003 486.246+0.003

BC 195

969.712+20.444 483.928+0.003
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September, Run#8382, Upper BC 12 vs all Lower BC un#8877, Upper BC 12 vs all Lower BC

BC 215

BC 215

465.515+0.009 467.791+0.003

BC 174 BC 214 BC 174 BC 214

476.626+0.008 482.065+0.008

479.104+0.003 483.998+0.003

BC 175 BC 177 BC 170 BC 175 BC 177 BC 170

477.182+0.008 469.058+0.009 483.769+0.008 479.775%0.003 471.138+0.003 486.860+0.003

BC 179
475.611+0.008

BC 178 BC 172

481.921+0.008

BC 169

BC 179 BC 178 BC 172 BC 169

478.652+0.008 484.738+0.008

478.849+0.003 480.689+0.003 483.986+0.003 487.571+0.003

BC 185 BC 151 BC 132 BC 173 BC 168 BC 185 BC 151 BC 132 BC 173 BC 168

439.018+0.009 478.082+0.008 480.289+0.008 482.854+0.008 485.439+0.008 442.782+0.003 480.556+0.003 482.904+0.003 486.120+0.003 488.877+0.003

BC 148 BC 131 BC 130 BC 171

BC 148 BC 131 BC 130 BC 171

454.219+0.016 479.689+0.008 480.785+0.008 483.363+0.008 455.596+0.005 482.003+0.003 483.767+0.003 486.129+0.003

BC 180 BC 147 BC 129 BC 144 BC 166 BC 180 BC 147 BC 129 BC 144 BC 166

424.231+0.011 479.553+0.009 478.826+0.008 481.430+0.008 485.327+0.008 426.724+0.004 481.325+0.003 481.316+0.003 485.367+0.003 489.350+0.003

BC 150 BC 128 BC 140 BC 165

BC 150 BC 128 BC 140 BC 165

477.328+0.009 482.125+0.008 481.563+0.008 483.708+0.008 478.742+0.003 483.427+0.003 484.709+0.003 486.763+0.003

BC 149 BC 133 BC 143 BC 164

BC 149 BC 134 BC 133 BC 143 BC 164

466.030+0.011 997.189+21.283 479.710+0.008 483.326+0.008 485.800+0.008 466.876+0.004 483.821+0.003 481.017+0.003 486.147+0.003 488.433+0.003

BC 146 BC 145 BC 167

BC 146 BC 135 BC 145 BC 167

486.576+0.010 1008.753+21.063, 480.833+0.008 484.545+0.008 487.197+0.003 485.156+0.003 482.830+0.003 485.390+0.003

BC 141

BC 209 BC 138 BC 139 BC 141 BC 196

960.926+20.823 1006.652+20.729, 974.788+20.976 484.834+0.008 1001.012+21.808, 490.830+0.007 486.590+0.003 482.680+0.003 485.443+0.003 488.667+0.003

BC 157

BC 142 BC 160

BC 157 BC 137 BC 142 BC 160

488.553+0.011 947.618+20.921 485.055+0.008 485.394+0.014 488.300+0.004 493.207+0.003 485.409+0.003 488.404+0.003

BC 188 BC 153 BC 159

BC 188 BC 153 BC 136 BC 159 BC 200

410.814+0.056 494.335+0.009 1016.419+21.187, 487.701+0.008 1001.012+21.808, 478.605+0.005 493.932+0.004 488.679+0.003 487.410+0.003 488.657+0.003

BC 154 BC 152 BC 162

BC 163

BC 154 BC 152 BC 162 BC 163

491.989+0.015 334.889+0.018 487.631+0.008 488.793+0.008 492.011+0.006 331.179+0.008 486.198+0.003 487.926+0.003

BC 156 BC 155 BC 161

BC 156 BC 155

473.202+0.003

BC 161

495.620£0.015 477.621+0.009 490.208+0.008 487.744%0.006 488.259+0.003

BC 158 BC 192

BC 158
977.726+22.326

455.587+0.010

497.073+0.003 487.190+0.003

BC 195

967.532+20.438 484.872+0.003
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September, Run#8382, Upper BC 17 vs all Lower BC un#8877, Upper BC 17 vs all Lower BC

BC 215

BC 215

464.544+0.009 466.527+0.003

BC 174 BC 214 BC 174 BC 214

475.655+0.008 481.094+0.008

477.839%0.003 482.734+0.003

BC 175
476.211+0.008

BC 177 BC 170 BC 175 BC 177 BC 170

485.596+0.003

468.087+0.009 482.798+0.008 478.511+0.003 469.874+0.003

BC 179 BC 178

477.680+0.008

BC 172 BC 169

BC 179
477.584+0.003

BC 178 BC 172 BC 169

474.640+0.008

480.949+0.008 483.767+0.008

479.425+0.003 482.722+0.003 486.307+0.003

BC 185 BC 151 BC 132 BC 173 BC 168

BC 185 BC 151 BC 132 BC 173 BC 168

438.047+0.010 477.111+0.008 479.318+0.008 481.882+0.007 484.468+0.008 441.517+0.003 479.291+0.003 481.639+0.003 484.856+0.003 487.613+0.003

BC 148 BC 131 BC 130

479.814+0.008

BC 171

BC 148 BC 131

480.739+0.003

BC 130 BC 171

453.247+0.016 478.718+0.008 482.391+0.008 454.331+0.005 482.503+0.003 484.865+0.003

BC 180
423.260+0.011

BC 147 BC 129 BC 144 BC 166

484.355+0.008

BC 180 BC 147 BC 129 BC 144

484.103+0.003

BC 166

478.581+0.009 477.855+0.008 480.459+0.008 425.460+0.004 480.061+0.003 480.051+0.003 488.085+0.003

BC 150 BC 128 BC 140

480.592+0.008

BC 165

BC 150 BC 128

482.163+0.003

BC 140 BC 165

476.357+0.009 481.153+0.008 482.737+0.007 477.478+0.003 483.445+0.003 485.499+0.003

BC 149
465.059+0.011

BC 133 BC 143 BC 164

484.829+0.008

BC 149 BC 134 BC 133 BC 143

484.882+0.003

BC 164

996.218+21.283 478.739+0.008 482.355+0.008

465.611+0.004 482.557+0.003 479.753+0.003 487.169+0.003

BC 146 BC 145

479.862+0.008

BC 167

BC 146 BC 135

483.891+0.003

BC 145 BC 167

485.605+0.010 1007.782+21.063, 483.574+0.008 485.932+0.004 481.565+0.003 484.125+0.003

BC 141

BC 209 BC 138 BC 139 BC 141

484.179+0.003

BC 196

959.954+20.823 1005.681+20.729, 973.817+20.976 483.862+0.008 1002.965+21.808,

489.566+0.007 485.326+0.003 481.416+0.003 487.402+0.003

BC 157 BC 142

484.084+0.008

BC 160 BC 157

BC 137
491.943+0.003

BC 142 BC 160

487.582+0.011 946.647+20.921 484.423+0.014

487.036+0.004 484.145+0.003 487.140+0.003

BC 188
409.843+0.056

BC 153 BC 159

BC 188 BC 153 BC 136 BC 159

486.146+0.003

BC 200

493.364+0.010 1015.447+21.187, 486.730+0.008 1002.965+21.808,

477.341£0.005 492.667+0.004 487.415+0.003 487.392+0.003

BC 154 BC 152 BC 162

486.659+0.008

BC 163 BC 154

BC 152 BC 162 BC 163

491.018+0.015 333.917+0.018 487.821+0.008 490.747+0.005 329.915+0.008 484.934+0.003 486.661+0.003

BC 156
494.649+0.015

BC 155 BC 161

BC 156 BC 155 BC 161

476.650+0.009 489.236+0.008 486.479%0.006 471.938+0.003 486.994+0.003

BC 158 BC 192 BC 158

976.754+22.326 454.615+0.010

495.809+0.003 485.926+0.003

BC 195

969.485+20.444 483.608+0.003
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September, Run#8382, Upper BC 11 vs all Lower BC un#8877, Upper BC 11 vs all Lower BC

BC 215

BC 215

464.347+0.009 466.356+0.003

BC 174 BC 214 BC 174 BC 214

475.458+0.008 480.897+0.008

477.668+0.003 482.563+0.003

BC 175
476.014+0.008

BC 177 BC 170 BC 175 BC 177 BC 170

485.425+0.003

467.890+0.009 482.601+0.008 478.340+0.003 469.703+0.003

BC 179 BC 178

477.484+0.008

BC 172 BC 169

BC 179
477.413+0.003

BC 178 BC 172 BC 169

474.443+0.008

480.753+0.008 483.570+0.008

479.254+0.003 482.551+0.003 486.136+0.003

BC 185 BC 151 BC 132 BC 173 BC 168

BC 185 BC 151 BC 132 BC 173 BC 168

437.850+0.010 476.914+0.008 479.121+0.008 481.686+0.008 484.271+0.008 441.346+0.003 479.121+0.003 481.468+0.003 484.685+0.003 487.442+0.003

BC 148 BC 131 BC 130

479.617+0.008

BC 171

BC 148 BC 131

480.568+0.003

BC 130 BC 171

453.050+0.016 478.521+0.008 482.195+0.008 454.160+0.005 482.332+0.003 484.694+0.003

BC 180
423.063+0.011

BC 147 BC 129 BC 144 BC 166

484.158+0.008

BC 180 BC 147 BC 129 BC 144

483.932+0.003

BC 166

478.385+0.009 477.658+0.008 480.262+0.008 425.289+0.004 479.890+0.003 479.880+0.003 487.915+0.003

BC 150 BC 128

480.957+0.008

BC 140
480.395+0.008

BC 165

BC 150 BC 128

481.992+0.003

BC 140 BC 165

476.160+0.009 482.540+0.008 477.307+0.003 483.274+0.003 485.328+0.003

BC 149
464.862+0.011

BC 133 BC 143 BC 164

484.632+0.008

BC 149 BC 134 BC 133 BC 143

484.711+0.003

BC 164
486.998+0.003

996.021+21.284 478.542+0.008 482.158+0.008

465.441+0.004 482.386+0.003 479.582+0.003

BC 146 BC 145

479.665+0.009

BC 167

BC 146 BC 135

483.720+0.003

BC 145 BC 167

485.408+0.010 1007.585+21.063, 483.377+0.008 485.761+0.004 481.395+0.003 483.954+0.003

BC 141

BC 209 BC 138 BC 139 BC 141

484.008+0.003

BC 196

959.758+20.823 1005.484+20.729, 973.620+20.976 483.666+0.008 1002.768+21.808,

489.395+0.007 485.155+0.003 481.245+0.003 487.231+0.003

BC 157 BC 142

483.887+0.008

BC 160 BC 157

BC 137
491.772+0.003

BC 142 BC 160

487.385+0.011 949.374£20.932 484.226+0.014

486.865+0.004 483.974+0.003 486.969+0.003

BC 188
409.646+0.056

BC 153 BC 159

BC 188 BC 153 BC 136 BC 159

485.975+0.003

BC 200

493.167+0.010 1015.251+21.187, 486.533+0.008 1002.768+21.808,

477.170+0.005 492.496+0.004 487.244+0.003 487.221+0.003

BC 154 BC 152 BC 162

486.463+0.008

BC 163 BC 154

BC 152 BC 162 BC 163

490.821+0.015 333.721+0.018 487.624+0.008 490.576+0.006 329.744+0.008 484.763%0.003 486.491+0.003

BC 156
494.452+0.015

BC 155 BC 161

BC 156 BC 155 BC 161

476.453%0.009 489.040+0.008 486.308%0.006 471.767%0.003 486.823+0.003

BC 158 BC 192 BC 158

976.558+22.326 454.419+0.010

495.638+0.003 485.755+0.003

BC 195

969.288+20.445 483.437+0.003
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Run#8382, Upper BC 7 vs all Lower BC

1015.980+22.648, 1012.647+22.656,

1014.965+22.648, 1015.082+22.651, 1012.503+22.656, 1012.397+22.658,

d022:232 9597, 1014.513+22.651 1013.795+22.654, 1013.436+22.656, 1013.097+22.658,

1022.813+22.617, 1016.120%22.651 1011.367+22.656, 1013.945+22.656,

1016.217+22.585, 1015.983+22.651, 1015.257+22.651, 1012.013+22.656, 1012.985+22.658,

1013.759+22.651, 1012.707+22.656, 1012.146+22.656, 1011.367+22.659,

1011.233+22.643, 1019.000+21.884, 1016.141+22.651, 1013.909+22.656, 1013.459+22.659,

1011.311+22.661, 995.476+22.246 1011.415+22.656, 1012.203+22.659,

953.496+22.164 999.223+22.129 987.827+21.979 1012.492+22.659, 996.507+22.077

1013.288+22.661, 1016.212+22.228, 1012.713+22.658, 1013.052+22.660,

1034.964+22.530, 1010.297+22.667, 976.826+22.256 1012.436+22.661, 996.507+22.077

1010.876+22.665, 1043.834£22.323, 1012.365+22.661 1010.603+22.663,

1011.583+22.668 1014.051£22.651, 1009.094+22.665

1003.963+22.325,

Run#8877, Upper BC 7 vs all Lower BC

994.850+24.148

993.260+24.142 988.476+24.137

993.931+24.142 994.971+24.146 991.338+24.136

993.005+24.142 994.845+24.142 988.465+24.136 988.824+24.134

985.970+24.156 994.712+24.142 987.382+24.136 990.598+24.136 983.678+24.128

989.106+24.149 986.482+24.136 988.246+24.136 990.608+24.136

986.041+24.174 992.255+24.141 995.472+24.142 989.846+24.137 984.151+24.128

992.898+24.142 987.906+24.137 989.188+24.136 991.242+24.137

997.161+24.148 988.300+24.136 995.173+24.142 990.625+24.137 986.460+24.132

988.449+24.134 989.634+24.136 987.308+24.137 989.868+24.137

985.631+24.128 991.069+24.136 987.159+24.136 989.922+24.136 983.468+24.128

986.327+24.132 984.782+24.125 989.888+24.137 986.431+24.132

992.761+24.142 985.507+24.125 983.480+24.129 988.663+24.134 983.458+24.128

983.587+24.125 1013.077+24.144, 990.677+24.137 989.178+24.134

988.996+24.134 993.809+24.145 986.285%24.132

988.648+24.125 988.443+24.134

989.351+24.136

Flowchart
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Run#8382, Upper BC 0 vs all Lower BC Run#8877, Upper BC 0 vs all Lower BC

BC 215

BC 215

464.943+0.009 466.929+0.003

BC 174 BC 214 BC 174 BC 214

476.054+0.008 481.493+0.008

478.241+0.003 483.136+0.003

BC 175
476.610+0.008

BC 177 BC 170 BC 175 BC 177 BC 170

485.998+0.003

468.486+0.009 483.197+0.008 478.913+0.003 470.276+0.004

BC 179 BC 178

478.080+0.008

BC 172 BC 169

BC 179
477.986+0.003

BC 178
479.827+0.003

BC 172 BC 169

475.039+0.008

481.348+0.008 484.166+0.008

483.124+0.003 486.709+0.003

BC 185 BC 151 BC 132 BC 173 BC 168

BC 185 BC 151 BC 132 BC 173 BC 168

438.446+0.010 477.510£0.008 479.717+0.008 482.281+0.007 484.867+0.007 441.919+0.004 479.694+0.003 482.041+0.003 485.258+0.003 488.015+0.003

BC 148 BC 131 BC 130

480.213+0.008

BC 171

BC 148 BC 131

481.141+0.003

BC 130 BC 171

453.646+0.015 479.117+0.008 482.791+0.008 454.733+0.005 482.905+0.003 485.267+0.003

BC 180
423.659+0.011

BC 147 BC 129 BC 144 BC 166

BC 180 BC 147 BC 129 BC 144

484.505+0.003

BC 166

478.981+0.008 478.254+0.008 480.858+0.008 484.754+0.007 425.862+0.004 480.463+0.003 480.453+0.003 488.488+0.003

BC 150 BC 128 BC 140

480.991+0.008

BC 165

BC 150 BC 128

482.565+0.003

BC 140 BC 165

476.756+0.009 481.552+0.008 483.136+0.007 477.880+0.004 483.847+0.003 485.901+0.003

BC 149 BC 133 BC 143 BC 164

485.228+0.008

BC 149 BC 134 BC 133 BC 143

485.284+0.003

BC 164

465.458+0.011 996.617+21.283 479.138+0.008 482.754+0.008

466.014+0.004 482.959+0.003 480.155+0.003 487.571+0.003

BC 146 BC 145

480.261+0.008

BC 167

BC 146 BC 135

484.293+0.003

BC 145 BC 167

486.004+0.010 1008.181+21.063, 483.973+0.008 486.334+0.004 481.968+0.003 484.527+0.003

BC 141

BC 209 BC 138 BC 139 BC 141

484.581+0.003

BC 196

960.354+20.823 1006.080+20.729, 974.216+20.976 484.262+0.008 1000.440+21.808,

489.968+0.007 485.728+0.003 481.818+0.003 487.804+0.003

BC 157 BC 142

484.483+0.008

BC 160 BC 157

BC 137
492.345+0.003

BC 142 BC 160

487.981+0.011 947.046+20.921 484.822+0.014

487.438+0.004 484.547+0.003 487.542+0.003

BC 188
410.242+0.056

BC 153 BC 159

BC 188 BC 153 BC 136 BC 159

486.548+0.003

BC 200

493.763+0.010 1015.846+21.186, 487.129+0.008 1000.440+21.808,

477.743+0.005 493.069+0.004 487.817+0.003 487.794+0.003

BC 154 BC 152 BC 162

487.059+0.008

BC 163 BC 154

BC 152 BC 162 BC 163

491.417+0.015 334.317+0.018 488.220+0.008 491.149+0.006 330.317+0.008 485.336+0.003 487.064+0.003

BC 156
495.048+0.015

BC 155 BC 161

BC 156 BC 155 BC 161

477.049+0.009 489.635+0.008 486.881+0.006 472.340%0.004 487.396+0.003

BC 158 BC 192 BC 158

977.153%22.327 455.015+0.010

496.211+0.003 486.328+0.003

BC 195

969.884+20.445 484.010+0.003

Flowchart
(Click me)



Detector Synchronization for Fall 2025

e Run# 8382 (Taken on September 24th)
e Run# 8877 (Taken on November 3rd)
e Run# 8998 (Taken on November 19th)

Flowchart
(Click me)



Run#8877, Upper BC 5 vs all Lower BC

BC 174

BC 175

477.594+0.003
BC 179
476.668+0.003

BC 178
478.508+0.00

BC 185 BC 151

440.601+0.003 478.375+0.003

BC 148

BC 131
453.415+0.005

BC 180
424.543+0.004

BC 147

479.144+0.003

BC 150 BC 128

476.561+0.003

BC 149
464.695+0.004

BC 134

481.640+0.003

BC 146 BC 135

485.016+0.003

BC 209
488.649+0.007

BC 138

484.409+0.003

BC 157 BC 137

486.119+0.004

BC 188
476.424+0.005

BC 153

491.751+0.004

BC 154 BC 152

489.831+0.006

BC 156
485.563%0.006

BC 192
494.892+0.003

476.923+0.003

479.822+0.003

481.247+0.003

482.975+0.003

491.026+0.003

328.998+0.008

BC 215

BC 177
468.957+0.00

3

BC 132

480.723+0.00

BC 129

BC 133

BC 139

BC 136

BC 155

BC 195
482.692+0.003

465.611+0.003

479.135+0.003

478.836+0.003

480.500+0.003

486.498+0.003

471.021+0.003

BC 214
481.817+0.003

3

BC 172
481.805+0.003

3

BC 130
481.586+0.003

BC 140
482.529+0.003

BC 145
480.649+0.003

BC 142
483.228+0.003

BC 162
484.018+0.003

BC 158
485.010+0.003

484.679+0.003

483.939+0.003

483.187+0.003

483.966+0.003

483.262+0.003

485.230+0.003

486.078+0.003

Run#8998, Upper BC 5 vs all Lower BC

BC 215

465.227+0.007

BC 174 BC 214

476.509+0.006 481.815+0.006

BC 175
477.188+0.007

BC 177 BC 170

485.053+0.006

469.142+0.007
BC 179 BC 178

478.572+0.007

BC 172 BC 169

476.374+0.006 485.968+0.006

483.040+0.006

BC 185

BC 151 BC 132 BC 173 BC 168

440.365+0.007 478.328+0.007 482.254+0.006 486.632+0.006 486.437+0.006

BC 148
453.323+0.007

BC 131
480.685+0.007

BC 130
485.859+0.007

BC 171
486.651+0.007

BC 180

BC 147
479.143%0.007

BC 129 BC 144

859.574+0.655

BC 166

424.432+0.007 482.768+0.007 487.914+0.006

BC 150
476.554+0.007

BC 128 BC 140

813.308+1.109

BC 165

482.974+0.006 489.085+0.006

BC 149

BC 134
482.175%0.007

BC 133 BC 143 BC 164

464.805+0.007 484.184+0.006 844.495+1.024 487.321+0.007

BC 146
485.007+0.007

BC 135 BC 145

860.487+0.495

BC 167

485.015+0.006 488.294+0.006

BC 209

BC 138
484.900+0.007

BC 139 BC 141 BC 196

488.638+0.009 485.564+0.006 775.405+2.032 487.175+0.007

BC 157
485.884+0.007

BC 137 BC 142

830.727+0.879

BC 160
488.397+0.007

492.436+0.007
BC 188

BC 153
491.779+0.007

BC 136 BC 159

489.662+0.007

BC 200

476.435+0.008 489.418+0.007 486.779+0.007

BC 154 BC 152 BC 162

487.082+0.007

BC 163

489.140+0.008 329.824+0.009 485.991+0.007

BC 156
477.857%0.008

BC 155 BC 161

472.289+0.007 487.394£0.007

BC 192

BC 158

494.807+0.007 485.857+0.007
BC 195
482.783+0.007

Flowchart
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Run#8877, Upper BC 1 vs all Lower BC

BC 174

BC 175

478.831+0.003
BC 179
477.904+0.003

BC 178

479.745x0.00

BC 185 BC 151

441.837+0.003 479.612+0.003

BC 148

BC 131
454.652+0.005

BC 180
425.780+0.004

BC 147

480.381+0.003

BC 150 BC 128

477.798+0.003

BC 149
465.932+0.004

BC 134

482.877+0.003

BC 146 BC 135

486.252+0.004

BC 209
489.886+0.007

BC 138

485.646+0.003

BC 157 BC 137

487.356+0.004

BC 188
477.661+0.005

BC 153

492.987+0.004

BC 154 BC 152

491.067+0.006

BC 156
486.800+0.006

BC 192
496.129+0.003

478.159+0.003

481.059+0.003

482.483+0.003

484.212+0.003

492.263+0.003

330.235+0.008

BC 215

BC 177
470.194+0.00

3

BC 132

481.959+0.00

BC 129

BC 133

BC 139

BC 136

BC 155

BC 195
483.928+0.003

466.847+0.003

480.372+0.003

480.073+0.003

481.736+0.003

487.735+0.003

472.258+0.003

BC 214
483.054+0.003

3

BC 172
483.042+0.003

3

BC 130
482.823+0.003

BC 140
483.765+0.003

BC 145
481.886+0.003

BC 142
484.465+0.003

BC 162
485.254+0.003

BC 158
486.246+0.003

485.916+0.003

485.176+0.003

484.423+0.003

485.203+0.003

484.499+0.003

486.466+0.003

487.314+0.003

Run#8998, Upper BC 1 vs all Lower BC

BC 215

466.365+0.003

BC 174 BC 214

477.647+0.003 482.953+0.003

BC 175
478.325+0.003

BC 177 BC 170

486.191+0.003

470.280+0.003
BC 179 BC 178

479.710+0.003

BC 172 BC 169

477.512+0.003 487.106+0.003

484.178+0.003

BC 185

BC 151 BC 132 BC 173 BC 168

441.502+0.003 479.466+0.003 483.392+0.003 487.769+0.003 487.575+0.002

BC 148
454.461+0.005

BC 131
481.822+0.003

BC 130
486.997+0.002

BC 171
487.789+0.003

BC 180

BC 147
480.281+0.003

BC 129 BC 144

860.712+0.655

BC 166

425.570+0.004 483.906+0.003 489.052+0.002

BC 150
477.692+0.003

BC 128 BC 140

814.446+1.109

BC 165

484.111+0.003 490.223+0.002

BC 149

BC 134
483.313+0.003

BC 133 BC 143

845.633+1.024

BC 164

465.943+0.004 485.322+0.003 488.458+0.002

BC 146
486.144+0.003

BC 135 BC 145

861.625+0.494

BC 167

486.153+0.003 489.431+0.003

BC 209

BC 138
486.037+0.003

BC 139 BC 141 BC 196

489.776+0.006 486.702+0.003 776.543+2.031 488.313+0.003

BC 157
487.022+0.003

BC 137 BC 142

831.865+0.879

BC 160
489.535+0.003

493.574+0.003
BC 188

BC 153
492.917+0.003

BC 136 BC 159

490.800+0.003

BC 200

477.573+0.005 490.556+0.003 487.917+0.003

BC 154 BC 152 BC 162

488.220+0.003

BC 163

490.278+0.005 330.962+0.007 487.129+0.003

BC 156
478.995%0.006

BC 155 BC 161

473.427+0.003 488.532+0.003

BC 192

BC 158

495.945+0.003 486.995+0.003
BC 195
483.921+0.003
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Detector Synchronization for Fall 2025

e Run# 8382 (Taken on September 24th)
e Run# 8877 (Taken on November 3rd)
e Run# 8998 (Taken on November 19th)

Flowchart
(Click me)



Run#8382, Upper BC 5 vs all Lower BC Run#8998, Upper BC 5 vs all Lower BC

BC 215

BC 215
463.609+0.009 465.227+0.007

BC 174

BC 214 BC 174 BC 214

474.720+0.008 480.159+0.008

476.509+0.006 481.815+0.006

BC 175 BC 177 BC 170

481.863+0.008

BC 175
477.188+0.007

BC 177 BC 170

485.053+0.006

475.276+0.008 467.152+0.009 469.142+0.007

BC 179 BC 178 BC 172

BC 169
482.832+0.008

BC 179 BC 178 BC 172 BC 169

473.705+0.008

476.745+0.008 480.014+0.008

476.374+0.006 478.572+0.007 483.040+0.006 485.968+0.006

BC 185 BC 151 BC 132 BC 173 BC 168

BC 185 BC 151 BC 132 BC 173 BC 168

437.112+0.010 476.176+0.008 478.383+0.008 480.947+0.007 483.533+0.008 440.365+0.007 478.328+0.007 482.254+0.006 486.632+0.006 486.437+0.006

BC 148 BC 131

477.783%0.008

BC 130 BC 171

BC 148 BC 131

480.685+0.007

BC 130
485.859+0.007

BC 171

452.312+0.016 478.879+0.008 481.456+0.008 453.323+0.007 486.651+0.007

BC 180
422.325+0.011

BC 147 BC 129 BC 144 BC 166

BC 180 BC 147 BC 129 BC 144

859.574+0.655

BC 166

477.646+0.009 476.920+0.008 479.524+0.008 483.420+0.008 424.432+0.007 479.143+0.007 482.768+0.007 487.914+0.006

BC 150 BC 128

480.218+0.008

BC 140 BC 165

BC 150 BC 128

482.974+0.006

BC 140
813.308+1.109

BC 165

475.422+0.009 479.657+0.008 481.802+0.007 476.554+0.007 489.085+0.006

BC 149 BC 133 BC 143 BC 164

BC 149
464.805+0.007

BC 134 BC 133 BC 143

844.495+1.024

BC 164

464.124+0.011 995.283+21.283 477.804+0.008 481.420+0.008 483.894+0.007

482.175+0.007 484.184+0.006 487.321+0.007

BC 146 BC 145 BC 167

BC 146 BC 135

485.015+0.006

BC 145
860.487+0.495

BC 167

484.670+0.010 1006.847+21.063, 478.927+0.008 482.639+0.008 485.007+0.007 488.294+0.006

BC 141
482.927+0.008

BC 209
488.638+0.009

BC 138 BC 139 BC 141

775.405+2.032

BC 196

959.019+20.823 1004.746+20.729, 972.882+20.976 1002.030+21.808,

484.900+0.007 485.564+0.006 487.175+0.007

BC 157 BC 142 BC 160 BC 157

BC 137 BC 142 BC 160

486.647+0.011 948.636+20.932 483.149+0.008 483.488+0.014

485.884+0.007 492.436+0.007 830.727+0.879 488.397+0.007

BC 188
408.908+0.056

BC 153 BC 159

BC 188
476.435+0.008

BC 153 BC 136 BC 159

489.662+0.007

BC 200

492.429+0.010 1014.512+21.187, 485.795+0.008 1002.030+21.808,

491.779+0.007 489.418+0.007 486.779+0.007

BC 154 BC 152

332.982+0.018

BC 162 BC 163 BC 154 BC 152

BC 162
487.082+0.007

BC 163

490.083+0.016 485.724+0.008 486.886+0.008 489.140+0.008 329.824+0.009 485.991+0.007

BC 156 BC 155 BC 161

488.301+0.008

BC 156
477.857%0.008

BC 155 BC 161

493.714£0.015 475.715%0.009 472.289+0.007 487.394£0.007

BC 158 BC 192 BC 158

975.819+22.326 453.680+0.010

494.807+0.007 485.857+0.007

BC 195

968.550+20.444 482.783+0.007
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Run#8382, Upper BC 1 vs all Lower BC Run#8998, Upper BC 1 vs all Lower BC

BC 215

BC 215
464.771+0.009 466.365+0.003

BC 174

BC 214 BC 174 BC 214

475.882+0.008 481.321+0.008

477.647+0.003 482.953+0.003

BC 175 BC 177 BC 170

483.025+0.008

BC 175
478.325+0.003

BC 177 BC 170

486.191+0.003

476.438+0.008 468.314+0.009 470.280+0.003

BC 179 BC 178

477.908+0.008

BC 172

BC 169
483.995+0.008

BC 179 BC 178

479.710+0.003

BC 172 BC 169

474.867+0.008

481.177+0.008

477.512+0.003 484.178+0.003 487.106+0.003

BC 185 BC 151 BC 132 BC 173 BC 168

BC 185 BC 151 BC 132 BC 173 BC 168

438.274+0.010 477.338+0.008 479.545+0.008 482.110+0.008 484.695+0.008 441.502+0.003 479.466+0.003 483.392+0.003 487.769+0.003 487.575+0.002

BC 148 BC 131

478.945+0.008

BC 130 BC 171

BC 148 BC 131

481.822+0.003

BC 130
486.997+0.002

BC 171

453.475+0.015 480.041+0.008 482.619+0.008 454.461+0.005 487.789+0.003

BC 180 BC 147 BC 129 BC 144

480.686+0.008

BC 166

BC 180 BC 147 BC 129 BC 144

860.712+0.655

BC 166

423.487+0.011 478.809+0.009 478.082+0.008 484.583+0.008 425.570+0.004 480.281+0.003 483.906+0.003 489.052+0.002

BC 150 BC 128

481.381+0.008

BC 140 BC 165

BC 150 BC 128

484.111+0.003

BC 140
814.446+1.109

BC 165

476.584+0.009 480.819+0.008 482.964+0.008

477.692+0.003 490.223+0.002

BC 149
465.286+0.011

BC 133 BC 143

482.582+0.008

BC 164

BC 149
465.943+0.004

BC 134 BC 133 BC 143

845.633+1.024

BC 164

996.445+21.283 478.966+0.008 485.057+0.008

483.313+0.003 485.322+0.003 488.458+0.002

BC 146 BC 145 BC 167

BC 146 BC 135

486.153+0.003

BC 145 BC 167

485.832+0.010 1008.009+21.062, 480.089+0.008 483.801+0.008 486.144+0.003 861.625+0.494 489.431+0.003

BC 141

BC 209
489.776+0.006

BC 138 BC 139 BC 141

776.543+2.031

BC 196

960.182+20.823 1005.908+20.729, 974.044+20.976 484.090+0.008 1003.192+21.807,

486.037+0.003 486.702+0.003 488.313+0.003

BC 157 BC 142 BC 160 BC 157

BC 137 BC 142 BC 160

487.809+0.011 946.874+20.921 484.311+0.008 484.650+0.014

487.022+0.003 493.574+0.003 831.865+0.879 489.535+0.003

BC 188
410.070+0.056

BC 153 BC 159

BC 188
477.573+0.005

BC 153 BC 136 BC 159

490.800+0.003

BC 200

493.591+0.010 1015.675+21.187, 486.957+0.008 1003.192+21.807,

492.917+0.003 490.556+0.003 487.917+0.003

BC 154 BC 152

334.145+0.018

BC 162 BC 163 BC 154 BC 152

BC 162
488.220+0.003

BC 163

491.245+0.015 486.887+0.008 488.049+0.008 490.278+0.005 330.962+0.007 487.129+0.003

BC 156 BC 155 BC 161

489.464+0.008

BC 156
478.995%0.006

BC 155 BC 161

494.876+0.015 476.877+0.009 473.427+0.003 488.532+0.003

BC 158 BC 192 BC 158

976.982+22.326 454.843+0.010

495.945+0.003 486.995+0.003

BC 195

969.712+20.444 483.921+0.003

Flowchart
(Click me)



Detector Synchronization for Fall 2025

e Run# 8382 (Taken on September 24th)
e Run# 8877 (Taken on November 3rd)
e Run# 8998 (Taken on November 19th)

Flowchart
(Click me)



Run#8382, Lower BC 133 vs all Upper BC un#8877, Lower BC 133 vs all Upper BC

BC 87

BC 87

477.382+0.008 478.446+0.003

BC 46 BC 86

BC 46 BC 86

476.782+0.007 477.682+0.008

477.792+0.003 479.239+0.003

BC 47 BC 49

BC 42

BC 47 BC 49

479.385+0.003

BC 42
477.736+0.003

475.669+0.007 478.153+0.008

474.706+0.008

476.677+0.003

BC 51

BC 50
477.930+0.008

BC 44 BC 41 BC 51

BC 50 BC 44 BC 41

475.309+0.008 477.408+0.008 476.097+0.013 476.364+0.003 479.012+0.003 479.269+0.003 479.144+0.003

BC 57

BC 23 BC4 BC 45 BC 40

BC 57

BC 23 BC4 BC 45 BC 40

473.274+0.008 476.988+0.008 477.774+0.008 475.701+0.008 474.624+0.008 474.368+0.003 477.942+0.003 479.051+0.003 479.108+0.003 477.611+0.003

BC 20
477.494+0.007

BC3
478.629+0.008

BC2
478.498+0.008

BC 43
475.322+0.007

BC 20
478.530+0.003

BC3
479.712+0.003

BC 2
480.149+0.003

BC 43
478.104+0.003

BC 52

BC 19
478.828+0.008

BC1
478.966+0.008

BC 16 BC 38

BC 52

BC 19
479.823+0.003

BC1
480.073+0.003

BC 16
479.282+0.003

BC 38
476.650+0.003

476.267+0.008 477.360+0.008 474.807+0.008 477.399+0.003

BC 22
477.907+0.008

BCO
479.138+0.008

BC 12
479.710+0.008

BC 37
476.535+0.007

BC 22
478.968+0.003

BCO
480.155+0.003

BC 12
481.017+0.003

BC 37
478.133+0.003

BC 21

BC 6
478.655+0.008

BC5
477.804+0.008

BC 15
478.503+0.008

BC 36
476.579+0.008

BC 21
478.790+0.003

BC 6
479.696+0.003

BC5
478.836+0.003

BC 15
479.755+0.003

BC 36
477.653%0.008

477.754+0.003
BC 18

478.102+0.008

BC 17
478.739+0.008

BC 39
478.428+0.008

BC 18
479.223+0.003

BC 17
479.753+0.003

BC 39
479.562+0.003

1016.141+22.651 995.173+24.142

BC 81
477.018+0.007

BC 10
478.139+0.008

BC11
478.542+0.008

BC 13
479.293+0.008

BC 68
477.618+0.008

BC 81
478.205+0.003

BC 10
479.190+0.003

BC 11
479.582+0.003

BC13
480.328+0.003

BC 68

478.577+0.003
BC 29

477.335%0.007

BC9
478.104+0.008

BC 14
478.806+0.008

BC 32
477.720+0.008

BC 29
478.498+0.003

BC9
479.184+0.003

BC 14
479.843+0.003

BC 32
478.782+0.003

BC 60
477.274+0.008

BC 25
477.296+0.008

BC8 BC 31

478.466+0.008

BC 72
477.343+0.008

BC 60
478.446+0.003

BC 25
478.424+0.003

BC 8
478.469+0.003

BC 31
479.518+0.003

BC 72
478.398+0.003

477.374+0.008
BC 26
477.220+0.008

BC 34
477.941+0.008

BC 35
477.818+0.008

BC 26
478.399+0.003

BC 34
478.983+0.003

BC 35
478.912+0.003

894.044+21.368 691.844+20.293

BC 28 BC 27 BC 33

BC 28 BC 27 BC 33

476.376+0.008 476.563%0.008 476.402+0.010 477.569%0.003 477.710£0.003 473.707+0.008

BC 64
475.566+0.008

BC 30 BC 64

476.731+0.003

BC 30
477.551+0.003

476.407+0.008

BC 67 BC 67

474.896+0.008 476.085+0.003

Flowchart
(Click me)



Run#8877, Lower BC 133 vs all Upper BC Run#8998, Lower BC 133 vs all Upper BC

BC 87

BC 87

478.446+0.003 483.609+0.003

BC 46 BC 86

BC 46 BC 86

477.792+0.003 479.239+0.003

483.146+0.003 483.889+0.003

BC 47 BC 49

BC 42

BC 47 BC 49

484.518+0.003

BC 42
481.108+0.003

476.677+0.003 479.385+0.003

477.736+0.003

482.057+0.003

BC 51

BC 50
479.012+0.003

BC 44 BC 41 BC 51

BC 50 BC 44 BC 41

476.364+0.003 479.269+0.003 479.144+0.003 481.711+0.003 484.324+0.003 483.762+0.003 481.949+0.004

BC 57

BC 23 BC4 BC 45 BC 40

BC 57

BC 23 BC4 BC 45 BC 40

474.368+0.003 477.942+0.003 479.051+0.003 479.108+0.003 477.611+0.003 479.640+0.003 483.354+0.003 484.165+0.003 482.226+0.003 481.040+0.002

BC 20
478.530+0.003

BC3
479.712+0.003

BC 2
480.149+0.003

BC 43
478.104+0.003

BC 20
483.858+0.003

BC3
485.202+0.003

BC 2
484.862+0.003

BC43
481.783+0.003

BC 52

BC 19
479.823+0.003

BC1
480.073+0.003

BC 16
479.282+0.003

BC 38
476.650+0.003

BC 52
482.658+0.003

BC 19 BC1

485.322+0.003

BC 16
483.735+0.003

BC 38
481.219+0.003

477.399+0.003 485.179+0.003

BC 22
478.968+0.003

BCO
480.155+0.003

BC 12
481.017+0.003

BC 37
478.133+0.003

BC 22
484.272+0.003

BCO
485.432+0.003

BC 12
486.110+0.003

BC 37
482.943+0.003

BC 21
478.790+0.003

BC 6
479.696+0.003

BC5
478.836+0.003

BC 15
479.755+0.003

BC 36

BC 21
484.050+0.003

BC6
485.055+0.003

BC5
484.184+0.006

BC 15
484.886+0.003

BC 36

477.754+0.003 483.001+0.003

BC 18
479.223+0.003

BC 17
479.753+0.003

BC 39
479.562+0.003

BC 18
484.459+0.003

BC 17
485.181+0.003

BC 39
484.857+0.003

995.173+24.142 985.822+22.205

BC 81
478.205+0.003

BC 10
479.190+0.003

BC11
479.582+0.003

BC 13
480.328+0.003

BC 68
478.577+0.003

BC 81
483.450+0.003

BC 10
484.489+0.003

BC 11
484.909+0.003

BC13
485.694+0.003

BC 68

483.945+0.003
BC 29

478.498+0.003

BC9
479.184+0.003

BC 14
479.843+0.003

BC 32
478.782+0.003

BC 29
483.756+0.003

BC9
484.478+0.003

BC 14
485.219+0.003

BC 32
484.155+0.003

BC 60
478.446+0.003

BC 25
478.424+0.003

BC8
478.469+0.003

BC 31
479.518+0.003

BC 72
478.398+0.003

BC 60
483.666+0.003

BC 25
483.704+0.003

BC 8
483.842+0.003

BC 31
484.909+0.003

BC 72

483.780+0.003
BC 26

478.399+0.003

BC 34
478.983+0.003

BC 35
478.912+0.003

BC 26
483.635+0.003

BC 34
484.312+0.003

BC 35
484.235+0.003

691.844+20.293 686.039+19.302

BC 28 BC 27 BC 33

BC 28 BC 27 BC 33

477.569+0.003 477.710£0.003 473.707+0.008 482.816%0.003 482.993+0.003 479.973£0.007

BC 64
476.731+0.003

BC 30

BC 64 BC 30

482.829+0.003

477.551+0.003

481.971+0.003

BC 67 BC 67

476.085+0.003 481.323+0.003

Flowchart
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Detector Synchronization for Spring 2025

e Run# 6557 (Taken on January 7th)
e Run# 8044 (Taken on May 28th)

Flowchart
(Click me)



Run#6557, Upper BC 5 vs all Lower BC

Run#8044, Upper BC 5 vs all Lower BC

BC 215
462.047+0.009

BC 174 BC 214

BC 174 BC 214

463.126+0.008 461.551+0.009

474.432+0.010 473.211+0.010

BC 175 BC 177

BC 170
463.281+0.008

BC 175
474.841+0.010

BC 177
473.089+0.010

BC 170
474.740£0.010

463.883+0.008 463.311+0.008

BC 179
464.726+0.008

BC 178
463.954+0.008

BC 172 BC 169 BC 179

BC 178 BC 172 BC 169

461.791+0.008 461.471+0.008 475.381+0.010 473.793+0.010 472.832+0.010 474.191+0.010

BC 185

BC 151 BC 132 BC 173 BC 168

BC 185

BC 151 BC 132 BC 173 BC 168

465.024+0.009 465.260+0.008 464.084+0.008 462.665+0.008 463.356+0.008 475.416+0.010 474.966+0.010 474.459+0.010 474.115+0.010 474.184+0.010

BC 148
463.360+0.008

BC 131
459.898+0.011

BC 130
461.829+0.008

BC 171
462.403%0.008

BC 148
473.577+0.010

BC 131
468.672+0.010

BC 130
472.726%0.010

BC 171
473.685+0.010

BC 180
464.142+0.008

BC 147
464.182+0.008

BC 129
463.465+0.008

BC 144 BC 166

463.437+0.008

BC 180

BC 147
473.598+0.010

BC 129
473.192+0.010

BC 144 BC 166

474.938+0.010

461.704+0.008 474.581+0.011 473.111£0.010

BC 150
465.071+0.009

BC 128
464.071+0.008

BC 140
462.140+0.008

BC 165
461.874+0.008

BC 150
475.552+0.010

BC 128
473.804%0.010

BC 140
473.232+0.010

BC 165
473.452+0.010

BC 149

BC 134
463.019+0.008

BC 133
463.122+0.008

BC 143
461.516+0.008

BC 164
462.465+0.008

BC 149
475.343+0.010

BC 134
473.573%0.010

BC 133
473.855+0.010

BC 143
473.360+0.010

BC 164
474.301+0.010

464.704+0.008

BC 146
463.859+0.009

BC 135
462.611+0.008

BC 145
443.451+0.008

BC 167
460.070+0.008

BC 146
474.784+0.011

BC 135
473.563+0.010

BC 145
472.561+0.010

BC 167
471.863+0.010

BC 209
463.682+0.009

BC 138
462.134+0.008

BC 139
461.957+0.008

BC 141
460.914+0.008

BC 196
462.213+0.008

BC 209
474.685+0.010

BC 138
473.371+0.010

BC 139
473.340+0.010

BC 141
472.533+0.010

BC 196

474.706+0.010
BC 157

462.932+0.008

BC 137
463.235+0.008

BC 142
460.533+0.008

BC 160
463.749+0.008

BC 157
474.469+0.010

BC 137
474.716+0.010

BC 142
471.853£0.010

BC 160
475.423+0.011

BC 188
463.562+0.009

BC 153
445.672+0.008

BC 136
462.073+0.008

BC 159
462.798+0.009

BC 200
462.666+0.009

BC 188
475.063+0.011

BC 153
456.974+0.010

BC 136
473.568+0.010

BC 159 BC 200

474.349+0.011 474.328+0.011

BC 154

BC 152
463.234+0.008

BC 162
462.670+0.009

BC 163
463.311+0.009

BC 154
474.684+0.011

BC 152
474.662+0.010

BC 162
474.165%0.011

BC 163
474.888+0.011

463.229+0.008

BC 156 BC 155 BC 161

BC 156 BC 155 BC 161

463.854%0.008 463.071£0.017 463.357+0.008 475.304%0.010 474.535+0.017 474.831£0.010

BC 192

BC 158 BC 192

475.547+0.010

BC 158

463.852+0.009 463.198+0.008

474.601+0.011

BC 195 BC 195

463.061+0.008 474.800+0.010

Flowchart
(Click me)



Run#6557, Upper BC 1 vs all Lower BC

Run#8044, Upper BC 1 vs all Lower BC

BC 215

462.465+0.008 680.039+19.031

BC 174 BC 214 BC 174 BC 214

463.543+0.008 461.968+0.008

470.216%0.010 468.994+0.010

BC 175 BC 177

BC 170
463.699+0.008

BC 175
470.625%0.010

BC 177
468.872+0.010

BC 170
470.524+0.010

464.301+0.008 463.728+0.008

BC 179

BC 178 BC 172

462.209+0.008

BC 169 BC 179

BC 178 BC 172 BC 169

465.143+0.008 464.371+0.008 461.888+0.008 471.164+0.010 469.576+0.010 468.615+0.010 469.975+0.010

BC 185

BC 151 BC 132 BC 173 BC 168

BC 185

BC 151 BC 132 BC 173 BC 168

465.441+0.008 465.678+0.008 464.501+0.008 463.083+0.008 463.773+0.008 471.199+0.011 470.749+0.010 470.243+0.010 469.899+0.010 469.968+0.011

BC 148
463.777+0.008

BC 131
460.316+0.011

BC 130
462.247+0.008

BC 171
462.820+0.008

BC 148
469.360+0.011

BC 131
464.455+0.011

BC 130
468.509+0.010

BC 171
469.469+0.010

BC 180
464.560+0.008

BC 147
464.600+0.008

BC 129
463.882+0.008

BC 144
462.122+0.008

BC 166
463.854+0.008

BC 180

BC 147
469.381+0.011

BC 129
468.975+0.010

BC 144
468.895+0.010

BC 166

470.365+0.011 470.722+0.011

BC 150
465.488+0.009

BC 128
464.489+0.008

BC 140
462.557+0.008

BC 165
462.291+0.008

BC 150
471.336+0.011

BC 128
469.588+0.011

BC 140
469.015+0.010

BC 165
469.235+0.010

BC 149
465.121+0.008

BC 134
463.437+0.008

BC 133
463.539+0.008

BC 143
461.933+0.008

BC 164
462.882+0.008

BC 149

BC 134
469.356+0.010

BC 133
469.638+0.010

BC 143 BC 164

471.126+0.011 470.084+0.011

469.144+0.011
BC 146

464.276+0.008

BC 135
463.028+0.008

BC 145
443.868+0.008

BC 167
460.487+0.008

BC 146
470.568+0.011

BC 135
469.347+0.011

BC 145
468.344+0.010

BC 167
467.646+0.010

BC 209
464.100+0.008

BC 138
462.551+0.008

BC 139
462.374+0.008

BC 141
461.331+0.008

BC 196
462.629+0.008

BC 209
470.469+0.011

BC 138 BC 139

469.123+0.011

BC 141
468.316+0.011

BC 196

469.154+0.011 470.489+0.010

BC 157
463.349+0.008

BC 137
463.652+0.008

BC 142
460.950+0.008

BC 160
464.166+0.008

BC 157
470.252+0.011

BC 137
470.499+0.011

BC 142
467.636+0.010

BC 160
471.207+0.011

BC 188
463.979+0.008

BC 153
446.089+0.008

BC 136
462.490+0.008

BC 159
463.215+0.008

BC 200
463.083+0.009

BC 188

BC 153 BC 136

469.351+0.010

BC 159
470.132+0.011

BC 200

470.847+0.011 452.758+0.011

470.111+0.012
BC 154

BC 152
463.651+0.008

BC 162
463.087+0.009

BC 163
463.728+0.009

BC 154
470.468+0.011

BC 152
470.445%0.011

BC 162
469.948+0.011

BC 163
470.672+0.011

463.646+0.008

BC 156 BC 155 BC 161

BC 156 BC 155 BC 161

464.271+0.008 463.488+0.017 463.774+0.008 471.087%0.011 470.318%0.017 470.614£0.011

BC 192

BC 158 BC 192

471.330%0.011

BC 158

464.269+0.008 463.615+0.008

470.385%0.011

BC 195 BC 195

463.479+0.008 470.583+0.010

Flowchart
(Click me)



Run#6557, Lower BC 133 vs all Upper BC

BC 87
477.273£0.009

BC 86

1120.016+6.762 466.243+0.008
BC 49

473.924+0.009

BC 42

1679.694+1.555 467.041+0.008

BC 50 BC 44

465.948+0.008

BC 41

1100.986+25.476, 481.704+0.056

466.811+0.008

BC 23 BC4 BC 45 BC 40

1069.941+21.854, 460.840+0.008 462.505+0.008 466.503+0.008 465.088+0.008

BC3
461.646+0.008

BC 2 BC 43

1280.334£9.772 465.201+0.008

466.120+0.008

BC 52
496.567+0.009

BC 19 BC1

463.539+0.008

BC 16 BC 38

456.217+0.008

462.536+0.008 465.523+0.008

BC 22 BCO

417.924+0.415

BC 12 BC 37

466.742+0.008 462.836+0.008

465.972+0.008

BC 21
467.061+0.008

BC 6 BC5

463.122+0.008

BC 15 BC 36

456.098+0.008

463.133+0.008 464.234+0.008
BC7

463.890+0.008

BC 17 BC 39

1204.172+18.765, 466.079+0.013

465.290+0.008

BC 10 BC 13 BC 68

462.171+0.009

1534.215+1.076 465.238+0.008 906.493+24.005 465.350+0.008

BC 29 BC9

465.845+0.008

BC 14 BC 32

464.694+0.008

465.740+0.008 466.182+0.009

BC 60
466.191+0.009

BC 25 BC 31 BC 72

464.893+0.009

467.140+0.008 1197.104+17.466, 466.965+0.008

BC 26 BC 24

467.550+0.008

BC 34 BC 35

467.343+0.008 466.848+0.008

466.972+0.008

BC 28 BC 27 BC 33

467.445%0.008 467.525+0.008 467.255+0.008

BC 64
465.564+0.008

BC 30

466.876+0.008
BC 67
465.702+0.009

Run#8044, Lower BC 133 vs all Upper BC

BC 87
482.178+0.011

BC 46 BC 86

466.589+0.010 465.592+0.010

BC 47 BC 49 BC 42

462.270+0.010 477.522+0.010

BC 51 BC 50 BC 44

465.458+0.010 463.857+0.010 464.924+0.010

BC 57 BC 23 BC4 BC 45

506.080+0.011 473.141+0.014 464.330+0.010

BC 20
488.947+0.010

BC 3 BC 2

463.125+0.010 451.199%0.112

BC 52 BC 19

463.842+0.010

BC1 BC 16

528.498+0.012 469.638+0.010

BC 22
489.777+0.011

BC 0 BC 12

465.047+0.010 466.553+0.010

BC 21 BC 6

465.036+0.010

BC5 BC 15

507.456+0.011 473.855+0.010

BC 18
467.797+0.010

BC7 BC 17

465.923+0.010 469.790+0.010

BC 81 BC 10

466.191+0.010

BC 11 BC 13

464.749+0.010

466.960+0.010 471.391+0.010

BC 29
481.237+0.010

BC9 BC 14

465.724+0.010 465.512+0.010

BC 60 BC 25 BC 8 BC 31

465.695+0.010

468.353+0.010 477.877+0.011 468.924+0.010

BC 26
467.603+0.010

BC 24

BC 34

466.077+0.010 472.662+0.010

BC 28 BC 27 BC 33

464.768+0.010 504.552+0.011

465.390£0.010
BC 64 BC 30

462.316+0.010

473.000£0.010

BC 67
506.580+0.011

464.868+0.010

464.432+0.010

463.965+0.010

461.868+0.010

462.086+0.010

431.459+0.203

462.221+0.010

462.600+0.010

464.193+0.010

465.047%0.010

BC 40
463.655+0.010

BC 38
460.850+0.010

BC 36
461.054+0.010

BC 68
463.390+0.010

BC 72
464.159+0.010

Flowchart
(Click me)



Conclusion

Detector Synchronization (both Spring 2025 and Fall 2025) complete

o Detector Synchronization (Fall 2025) Link

o Detector Synchronization (Spring 2025) Link

Sept vs Nov: ~ 90% pixels show drift in timing difference < 4 ns

Nov (3rd) vs Nov (19th): ~ 70% pixels show drift in timing difference < 4 ns
Nov (3rd) vs Nov (19th): ~ 90% pixels show drift in timing difference < 8 ns
Sept vs Nov (19th): ~ 80% pixels show drift in timing difference < 8 ns

Jan vs May: ~ 60% pixels show drift in timing difference < 8 ns

Flowchart
(Click me)


https://docs.google.com/document/d/1MJRCpwN_u46KsyRibF6_0UfD0E9h272tky2BMkt08ig/edit?usp=sharing
https://docs.google.com/document/d/1SSQke1pONzLkOcdv9Prk9f3UYyQhOQVwvV1-iQ1N-P4/edit?usp=sharing

Trigger Efficiency
Kyle Feist

FFFFFFFF
(Click me)



Trigger Logic

Run8578_0.h5 | eid=171319 | E=61.00 | RAW + DAQ timestamp
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Flowchart
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# of triggers

Trigger Eff = # of real signals

Template + noise ‘ Python DAQ emulation ‘

Pulsers are a test bench to Pulsers are NOT protons

validate synthesized protons

* Pulser data sets give us a
clean denominator for
efficiency .

* Apply template + noise
method to pulsers — show .
efficiencies match real
pulser efficiencies within
error band

Differences in shape could
affect the trigger efficiency

ADC (raw waveform)

pulsers are not a perfect
test bench

Good test bench for
validating noise dominated
triggering (near threshold)

ADC
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Efficiency curves as a function of
template amplitude for synthesized
protons

Pulser waveforms — Run 8603 | bc 45 | nominal amp = 60 ADC

Mean over all loaded pulsers

1000

2000

Run8578_0.h5 | eventid=1723 | E=60.000 ADC

3000 4000 5000 6000 7000
Sample

bc 45: Proton template

== Template avg (baseline-corrected)
Raw waveform (baseline-corrected)
~DAQ trigger (3500)
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1000

2000

3000 4000 5000 6000 7000

sample index (baseline-corrected) Flowchart
(Click me)



Noise thresholds: high-arming vs
low-arming behavior

---- filtlen start : i

mo

5 4 N
L

0 a

-5 4 i

-10 A i

Trap output (DAQ-like integer) + filtlen + triggers
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fluctuations

Once the threshold is high enough
that many baselines never arm, the
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PSD-matched synthetic noise: validation in the

high-arming regime

PSD matching reproduces:

«filtered noise RMS scale
*short-range correlations
Validation

* trigger state-machine

diagnostics (not just rates)

* In the high-arming region (thr <

6 ADC):

High-arming region (thr < 6

ADC)
« REAL=SYN in:
« arming probability
« firing probability
« excursion / timing
statistics
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Low-arming thresholds:

* many baselines never arm

« triggering probes rare

exceedances

Extreme-tail behavior:

» depends on higher-order /

nonstationary effects

 not captured by PSD matching

arm%

High-arming regime (thr = 1, 3, 6)

fire%

Baselines with =1 trigger (%)

100 A

80 1

60 -

40

201

Fire vs threshold

HW thr=20 (BC 45)

—8— Real baselines
Real 95% Wilson CI (k>0 only)
—&— PSD-synth

/85 — p < 4.32% (95% CL)
sdstis

1234567 891011121314151617181920

Threshold (ADC)

Trigger rates
agree within error

band

p95 first-exc len

BN REAL
BN SYN (PSD)

60

50 4

40 A

30 A

20 A

10 A

o

kkkkkkkkkkkkkk

500 A

400

300 1

200 1

100 A

0

Flowchart
(Click me)



From Trigger Stream Upper Detector Trigger Energies — Runs8500 (all subruns)
Fixed energy axis 0-200 ADC (overflow dropped)
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Using only 15t
triggers in
coincidence events Runs8500 * BC 45 * 2-Gaussian fit [+10 proton] [57.669, 67.396] ADC

(DAQ protons) .
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bc 45: Coincidence template from first-trigger energy gate (Runs8500)
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Pulser Efficienc FROM: beam_off _runs : 7535:5 ADC, 7537:10 ADC, 7539:12
y ADC. 7541:15 ADC, 7543:20 ADC, 7545:35 ADC, 7547:50
Study Results ADC, 7549:75 ADC

Trigger Efficiency vs Amplitude — Pixel 45
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Synthesized
Protons Efficiency
Study Results

Efficiency curves show the
DAQ trigger response to
signal amplitude, noise, and
threshold

*Results conditional on a
validated template

*Noise-dominated trigger
behavior near threshold is
validated

*Pulsers are not protons
therefore validating synthetic
protons with template + noise
method on pulsers isn’t
airtight

Efficiency (%)

BC 45 — Efficiency vs Amplitude (tail-PSD synth baselines, NO ROUND)

N=100000 per point (FIXED noise), filtlen=1261, model=bc045 Runs8600_tail_psdL2239 padl261.npz
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Scope and limitations

What is validated

» Synthetic baselines reproduce noise-only trigger behavior
(rates + state-machine timing diagnostics)

What is assumed for signal efficiency

« Differences in pulse shape effects on triggering are negligible
(not confirmed)

* Noise + template technique is validated on pulsers

Status
* Closing this benchmark with pulsers is ongoing

Flowchart
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Linear combination of PCs using fit-derived coefficients (full window)
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Measured mean energy u (ADC)

Calibration: p vs nominal amplitude
(5 ADC point removed)
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Trigger Efficiency vs Amplitude — Pixel 45

4 » Using the fit, we get nominal pulser amp at 50% eff should be
3 ~16.5 ADC not 17.2 ADC

* 0.7 ADC difference after calibration due to state machine
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Edge Effect Simulation
Josh Hamblen, UTC
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Edge Effect Simulation - Status Update

What is the edge effect? (From SB'’s presentation at the last
collaboration meeting...)

We accept electrons in a certain set of pixels (the fiducial volume
or decay volume), and search the following proton even if outside.

e Ideally, detector pixels detect decay protons from neutron
decays from the region below detector. No bias in that.

e Gyration leads to some losses of decays inside decay
volume, and some gain from outside.

e This cancels for a uniform beam, but biases the decay
sample otherwise since gyration radius depend on proton
energy and angle to field. y

G. Konrad, then U Mainz

detector

intepsity

References:

SB'’s original edge effect writeup
SB'’s latest proposed analysis
CMS Task #163 (My Work) 123
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https://nabcms.phys.virginia.edu/apps/nabwiki/lib/exe/fetch.php?media=systematics:edgeeffect.pdf
https://docs.google.com/document/d/1Apdn95A2pxftalICiqq9zspS-vroZPTyX9oB_W4zgHQ/edit?tab=t.0
https://nabcms.phys.virginia.edu/issues/163

Edge Effect Analysis Plan So Far

e Decide on an acceptance region, e.g. a rectangle along the beam.

e Accept events where the first hit of the electron is in the acceptance region. The DAQ is
responsible to record all protons for electrons in the acceptance region, so no cut is made
on proton hit position.

e \We run two Geant4 simulations using the NabSimulation, one with a neutron beam that
is uniform (flat) over the whole acceptance region, and one that has a realistic shape as
measured at BL13.

e \We make a histogram of accepted counts vs. electron energy E_ for both beams, and divide
the one from the real beam by the one with the uniform beam. | suspect we find that the
ratio is not constant, but decreases with larger electron energy.

e \We make a histogram of accepted counts vs. gyration radius g=p /|q|B for both beams, and
divide their difference by the one with the uniform beam. | suspect we find that the result is
proportional to g2.

e We compute the slope of the fit and take the translation to Aa/a. (Still to do.)

124
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LD Hits for Electrons

Edge Effect Study with Rectangular Acceptance Region
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LD Hits for Electrons

Edge Effect Study with Rectangular Acceptance Region - &
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Edge Effect Study with Acceptance Region of Inner

4 Rings of Pixels

Electron energy
distribution:

Blue: Realistic Beam
Red: Flat Beam

Gyration radius
at decay point:

Flowchart
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Check of Gyration Radius Calculations (p ,/[q[B)

Gyration Radius for e- at Decay Point (red) and at LD (blue)
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Gyration Radius for p at decay point (red) and UD (blue)
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| used 1.8 T field value at decay point, and 1.3 T at detectors.
Momentum at detector taken from info stored at mm plane.

More investigation needed.

r [mm]

129

Flowchart
(Click me)



