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To-do-list from the Last Collaboration Meeting Talk

Run MC for Moller? and high energy vy (n") to get better agreement between simulation and data.

ShowerSum

bearﬁ test sirﬁulation n
beam test simulation =°
beam test simulation BeamOnTarget EM

» Study coincidence rates from timing plots and MC to find dominant contributions.
» Investigating other triggers (random/Out-of-Time) to clean up MIP spectra and help particle ID.
>
--- Test it with the Moller event generator from PRad:PRadSim/evgen/norc
» Rate comparison at high rates.
ShowerSum {rate*(ShowerSum>0)}
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°_ Reglon 1:m MIPs and Moller electrons(?)

LU 0T AT

40

Edep (MeV)

¢oLID Cdllaboration Meeting

100

150

r background: Generate: 2.5e8 event, only 713 of them deposited energy at Shower

1 1 1 1 1 I L 1 1 | 1
200 250 300 350 400 450 500
ShowerSum Edep (MeV)


https://github.com/JeffersonLab/PRadSim/tree/95642725fa5fb0696462e9ce79defca191a26c83
https://github.com/JeffersonLab/PRadSim/tree/95642725fa5fb0696462e9ce79defca191a26c83/evgen

Latest pre-R&D — Detector Beam Test
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rate (Hz)

Scintillators with Coincidence Trigger

5uA SC_A & SC_D run 4680 triggered timing

10*
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5uA SC_A & SC_D run 4680_1 triggered timing threshold=36
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Reﬁ)lay threshold ‘;36”

. —SC_ A
. —SC_D
: —— ShowerSum

B S0 G

Shower_|
PreShSum

* The ShowerSum spectrum changes when the decoder threshold is raised from 6 to 36.

e The threshold=36 plot shows mostly MIP’s, whereas the threshold=6 plot 1s dominated by the small pulses

well below the MIP level.
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rate (Hz)

Scintillators with Coincidence Trigger

5uA SC_A & SC_D run 4680_1 triggered timing threshold=36

5uA SC_A & SC_D run 4680 triggered timing

10*
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. —SC.B
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* The different time regions have different pulse height spectra. The randoms are dominated by the smallest

ShowerSum pulses and the peak i1s dominated by MIP’s.
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Scintillators with Coincidence Trigger

5uA SC_A&SC_D triggered timing 33<=SC_D<36 threshold=36 Su A 5uA SC_A&SC_D triggered timing 33<=SC_A<36 threshold=36
- : - - : : - - N 10* = : : : : : .
= , | : E  mSC A - = ; : : ; : —SC_A
= 33<T SC D<36 : . —SCD - - 33<T _SC A<36 : . —SC_D
B : T : : : . —ShowerSum B : I : : . —— ShowerSum
P s S S e —— — - — Shawer | 10° - g —SCC
= )y 1 —SEeem = Il PreshSum
| : H : : : S— : B == SC_B

40 50 60 70 80 90

0 20 30 40 50 60 70 8 90 _ 100 0 10 20 30 100
* The shoulder for the ShowerSum is missing ~ “"® e The shoulder in the ShowerSum reappears. £ee)

The reason 1s that since most pions are relatively parallel to the beam line, if there i1s no SCD in coincidence,
the SCA signal is not from a pion.

This means the the MIP peak should be cleanest for a tight 4-12 ns triple coincidence, less clean for
coincidences with SCD, and weakest for random triggers.
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The Time Difference Between the Closet SC D Pulse and ShowerSum

5uA SC_A & SC_D run 4680_1 triggered timing threshold=36
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The Time Difference Between the Closet SC B Pulse and ShowerSum

10uA SC_B & SC_D triggered timing threshold=36

10*

“F 3 1%n 3 TSeee |+ 10uA SC_B & SC_D triggered with threshold=36
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* Events with ShowerSum pulse 1n range 1, 2, and 3
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Rate_Hz

100
ShSum
ooH |- e A
ShSum+A T(SC_B & ShSum) cut:
R ShSum +A T(SC_B & ShSum)+A T(SC_A & $hSum)
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* Cuts: Trigger+ShowerSum signal+AT(SC B-ShowerSum)+AT(SC A-ShowerSum)
* AT(ShowerSum-SC B) coincidence cut + AT( ShowerSum-PreSh) coincidence cuts work

the best to clean up the MIPs.
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ShowerSum MIP Comparison

Slot8Height{11] {(TrigType==2 && Slot8Height[11]>0)}
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ShowerSum MIP Companson with Gain Correction

Rate_Hz

iAo . e e Events with shower signal inside the SC B & SC D
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ShowerSum MIP Companson
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SHRCIEGTSAMIP Comparison

All particles Shower_Left All particles Shower_Right
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Single Detector Rate Comparison between Simulation and Scaled Data

* Using timing plots to get data rate

Detector e - T 0 EM total Scaled S5uA
kHz/cm? kHz/cm? kHz/cm? kHz/cm? kHz/cm? kHz/cm? data
kHz/cm?
SC A 8.66e-5 0.35 0.22 0.068 869.01 869.6 720.0
(0.87MIP)
SC D 1.35¢e-4 0.41 0.26 0.16 257.9 258.7 1974
(0.78MIP)
PreShSum 8.2e-5 0.26 0.16 0.23 20.3 21.0 17.9
0.5 MIP
ShowerSum 7.1e-5 0.21 0.13 0.2 0 0.54 0.45
0.5 MIP
SC B 1.11e-5 0.079 0.038 0.029 701.85 702.0 600.0

(0.8 MIP)

06/21/24

SoLID Collaboration Meeting

14




Scintillator Coincidence Rates Comparison between Simulation and Scaled Data

* Using timing plots SC A & SC D to get data rate

Detector e T Tt n? EM total Scaled SuA
kHz/cm? kHz/cm? kHz/cm? kHz/cm? kHz/cm? kHz/cm? data
kHz/cm?
SC A 7.3e-5 0.27 0.16 0.034 4.9 5.36 4.85
SC D 2.7e-5 0.098 0.058 0.013 1.8 1.97 1.80
PreShSum 9.0e-6 0.033 0.019 0.0046 0.61 0.67 0.60
ShowerSum 9.0e-6 0.033 0.019 0.0046 0.61 0.67 0.60
SC B 5.5e-5 0.2 0.11 0.028 3.7 4.07 3.64
* Using timing plots SC B & SC D to get data rate
Detector e T nt n! EM total Scaled 10uA
kHz/cm? kHz/cm? kHz/cm? kHz/cm? kHz/cm? kHz/cm? data
kHz/cm?
SC A 1.76¢-6 0.043 0.018 7.9¢-4 0 0.062 0.076
SC D 6.5e-7 0.016 0.0067 2.9¢-4 0 0.023 0.028
PreShSum 2.2e-7 0.0053 0.0024 9.8e-5 0 0.0078 0.009
ShowerSum 2.2e-7 0.0053 0.0024 9.8e-5 0 0.0078 0.009
SC B 1.3e-6 0.032 0.015 6.0e-4 0 0.047 0.055




10uA run 4779
Charge pion
candidates
Chambers are still
misaligned?
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GEM Analysis

event=402997,chi2_10_x= 1.47,chi2_11_x=0.82 event=406995,chi2_10_x=14.92,chi2_11_x=13.96
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Residue Plots of the Upstream GEMs---Checking Alignment

e 10uA 18deg data with 4 hits on the track, TS4=15mV trigger and Chi2<3 cuts

~— GEM10= 0mm,GEM11= 0mm

— GEM10=-1.5mm,GEM10Y= -1.0mm GEMO00X=2.7mr
| GEM10= 1.5mm,GEM11= 0mm
' — GEM10X= -1.5mm,GEM10Y= -1.0mm

GEM11
GEM10 ——g—

} 8.5cm

91cm

GEM0O1 ——

GEMOO ]' 9.3cm
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Residue Plots of the Downstream GEMs---Checking Alignment

e 10uA 18deg data with 4 hits on the track, TS4=15mV trigger and Chi2<3 cuts

residue GEM10_X ShowerLeft cut residue GEM10_Y ShowerLeft cut

E 500 C - . - . - . GEM10_residueX_Lcut _n‘-:; 300 - . . - - - . . GEM10_residueY_Lcut
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8 ABOE- -+ -beeeeeteee bbb b Enties. 5629 8 Entries 5629
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2D-Residue vs Cluster Hits on the Tracks Plots

* 10uA 18deg data with 4 hits on the I O e Y e . e p—
track, TS4=15mV trigger and Chi2<3 ST T |
cuts

X residue(mm)
Y residue(mm)

ProjectionY of binx=[123,132] [x=1.0..6.0]

®)

45

ne S! i ce p ro JI e Ct' n

b Entries 1419

Mean -0.2743

40

Std Dev 0.7813

Number of Entries

35

T | Entries T | Entries

30

:{ Meany
. | Std Dev x

Mean y
Std Dev x

€
. | Mean x - ‘% Mean x
E B
8
=

25

20

TTTT T T[T IT T [T I T TT T T[T T T ITT[TTITTTTT]

C10 8 6 4 -2 0 2 4 ByBomi0

@ Quster_nit mBO

[GEMio_residuev_vs_hn_cut
T [Entries .
: | Mean x
11 Meany

* APV fine-tune parameters have been
removed to reduce backgrounds, which
can cause the inefficiency on the ri
side of GEMs

* The 2mm 1s the grid size for the tracking
algorithm. | L=

* The hard cuts from matching algorithm.

X residue(mm)
Y residue(mm)

: | std Dev

qiguster,hit (m'ﬁo

residue GEM11_Y vs cluster hit_Y
a w11 resauev ve i o
: | Entries

Mean x
Mean y
Std Dev x
Std Dev.

Y residue(mm)

: | std Dev o

There's no angle misalignment
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2D-Residue vs Cluster Hits on the Tracks Plots

° IOuA 18deg data With 4 hits On the track, E 45 residue GEMOO_X vs cluster hit_X E residue GEMOO_Y vs cluster hit_Y %El_:;'i::mw\u?;i;
) . 5 sf B SR e G sl e
TS4=15mV trigger and Chi2<3 cuts = 2E : Sigs oun
e
of-
Add offsets to GEM10 and GEMO0 - -
GEMO00 X offset=2.7mm ~oE- 5 O OO G OGNS MO R e
- =) F T — = P T ——
GEM 1 O_X_Offset: -1 ‘ Smm id GEMO1_X lusti hit_X BIQEMO‘I Y lusti hit_Y
GEMI10 Y offset=-1.0mm S TR SO US4 S S o ST |-
i 2;: ' I :
of-
_1E
_2 z— ...............
_3 é— ...................................................................................................

g.
N
°

* APV fine-tune parameters have been S T T : Tes v o8 | o
removed to reduce backgrounds, which can - : -yt g o= st
cause the inefficiency on the right side of < IS SEeae e ol
GEMs I TR St i e s )

4 =
_ FeslduwoiM Xy ckmterhe X CEvTT esiauex e rin oot _ GEntTT resuev ve mt ot
There's no angle misalignment {2 oo alER 1B, 22
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GEM Cluster Hits on the Tracks w/wo SCs Cuts

GEMOO X _hit GEMO1_X hit

- , - — GEMOO_X_hit 2200 . : : : : GEMO1_X_hit
22005'—4mmch-2<3 ettt HEnnes 52081 2000 3 : : :]Eres 51502
2000E — 4hits chiz<3, SC D>05MI B N 1800E 02638
19005‘—4hnscm2<3 sc_»osw id SC: 1600 23,52
1600 -~ w1S 1400 - . PR —
14008 e 4 hits on the tracks  1200F---[] - [} i T
‘%5 With SC_D >0.5 MIP  '90%E 1| S S e e R I T
600 [LAP" . With SC_A>0.5 MIP+  600F--; S | B . N —
400 meeeanes R 1 pEEN | L RTINS - EREEEEEE. ' 400: . i o § SRREEEE
200F - S SERETTTRREE , ........... , SC_D>05 CutS 200 L LAY e M

%o ‘-40‘ A ‘_20‘ A A A A A A A A A

g 1.4
1.2
. Ratio with/witout
0.6 SC D cut
0.4 Ratio with/without
0.2 SC A cut

* The cut on SC_A should eliminate good tracks for x>25 mm or x<-25 mm.
e There is little evidence that the SC A cut reduces events for x<-25 mm.

* The SC_A cut does reduce events for x>0.25 cm
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Summary and Outlook

1 Timing plots are useful for understanding singles rates and coincidence rates.

1 The cuts on DT of SC_B and Shower and DT of Shower and Preshower can clean up MIPs
for 45uA data.

1 The comparison of rates from timing plots and the Monte Carlo indicate that single detector
simulation rates are <25 % higher than that of the beam test data, while for the simulated
scintillator SC A and SC_D coincidence rates are <15% higher and the simulated SC B and
SC D coincidence rates are <20% lower that that of the beam test data.

 The best GEM quadrants works reasonable with the tracks based on the detection efficiency
< 50%, and the other quadrants are much worse. Due to the reason of not setting GEMs
properly, it 1s not worth to do further analysis at this point.

U For setting GEM detectors properly, it requires low-rate condition to do the alignment and
the APV gain checking.

¢ Apply the same method to the 65uA data (run 4685 and 4686) with SC B & SC D trigger.



Beam Test Outcomes

» Cherenkov Detector: 11Npe ---1/2 of the simulation, which

1s constant with 2020 Cherenkov beam test.

5uA event=4704 PreSh_t=1185.60, Shower t=2626.20, LASPD_t=906.50

=

» LASPD Detector:

LASPD hist3

| Entries

» GEM Detectors: Need low-rate condition to setup

x<0 && y>0 with hit_x=1 and hit_y=1

1060 -40

20 gerreussor 22eans_cidur im0

x<0 && y<0 with hit_x=1 and hit_y=1
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i 3
é|0

1
0 -40

x>0 && with hit_x=1 and hit_y=1
Y)o - o

I3

—— 1o rack, rgger==8, SC, A0 SMIP, SC_D>o{ 5T’

— lrgger==8, SC_A>0.5MP, SC_D=0.5MIP, SRS aip! Fia ke

20 Genrener Peners_cifer ximeiO

x>0 && y<0 with hit_x=1 and hit_y=1

e
0 40 20 qppfoiimser P8eurs_cidBer ximeO
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Event

300 - Npe_cut3

= Entries 2552

C Mean 17.08
DB e Std Dev 10.36

= ¥/ ndf 15.48/8

B Constant &

- Mean 11.37 £ 0.21 ]
DO frrerereereresm e Sigma . -

C i ___ TSa4triggered high energyie” cuts :
RT-7o] PN o N +2 out 4 (Cer[3],Cer[6], Cer[9),.Cer[12])>1 PE.CUt.........c......

B ___ TS4triggered high energy;e' cuts :
100 = oo} i T +2 diagonal of 4 (Cer(3],Cer{6], Cerl9]. Cer[12])>1. PE.cut ...

50— !
0 L 1 1 1 | 1 1 1 1 ! 1 1 1 1 1 1 1
0 10 20 30 40 50 60
Npe

PreSnowier_|

~{ LASPD photon
rejection

o

000 10C00

Prash |
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Beam Test Outcomes

» Cherenkov Detector: 11Npe ---1/2 of the simulation, which Shower energy cut to select the regions
iS constant Wlth 2020 Cherenkov beam test. » 150 MeV<Shower_I<200 MeV . 200 MeV<Shower_I<300 MeV
» LASPD Detector: N PRI AR I

» GEM Detectors: Need low-rate condition to setup 10

80

» PreShower: response for the low energy electrons is very
different depending on their energies, which can provide
information on photon to charged pion ratio.

» Shower:

* The shower baseline shift is due to tinny pulses from the multi- PR Ees L ghiiversﬂms TSt 2 3a81 20 25,20 X J00
scattering photons by the high energy Moller electrons.
* Shower gain shift

60!

40" 4

beam test si mulat ion st

beam test simulation x° H
beam test simulation BeamOnTarget EM

beam test simulation eAll+rx%+r*+rt +BeamOnTargei EM..
beam test Out Of-Time 10uA 4

Shower_left

5 ; Reglon 1:n MIPs and Moller electrons(?)
............... ‘ReglOnZ ﬂfal”idy"'
5 s Reglon 3:y. (fmo) dommate reg1on.v.§ ..............

malized to Tand |

Non

450 500

ShowerSum Edep (MeV)
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Thank you!
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Backup
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GEM Cluster Raw Hits Only

Cluster GEM10_X - GEM11_X Cluster GEM10_Y - GEM11_Y

x<0 && y>0 with hit_x=1 and hit_y=1 x>0 && y>0 with hit_x=1 and hit_y=1 x<0 && y>0 with hit_x=1 and hit_y=1 x>0 && y>0 with hit_x=1 and hit_y=1
« 10 g - . T{GENIO 1 X . g - 103 - 3 g - TOEWIO 11 X - . 103 - - . - w{GEMIO 11 ¥ o a1 . 103 - - - - e OEMIO 11 ¥ 0w o2
i E - X<O,y>20 : : : : : : § ™ ' : : : ; r : : : :
S » f y : | s = o track, brgger==8, SC_A>0 SMIP, SC_D EmﬂfShou}e‘f‘_v * F x < Q, Yy >0 | i 5 —— 1o ack, brgger==8, SC, Ax0.SMIP, SC._ :mfswv
: : : : ! i ,| = trgger==8, SC_A>0.5MIP, SC_D30 SMIP S8 bwer MIP, I : : : : —— lirgger==8, SC_A>0.5MIP, SC_D=0.5MIP, Shpwer MIP, mr
10‘1? .................. jrssresonnss . SidDev 5416 10 1 102.r ....... S Frrennnnsare - <|02E i i Dev B8.195
10 ......... ........... \ . ......... ........... . ........... 10: 1o§. ......... ........... ‘ ......... : ‘OF ................................
1. ..................... 1 ........... 1? ........ 1E_ ...........
10 ' : ' ‘ 107 107 10 g5" ‘
-60 40 -20 GEqu‘:iuﬁw_ﬂM"_clﬂgm_xtmvso -60 -0 20 GEM!&:W_R@EMH_:!%Q-_X(qu -60 -40 -20 GEquclunu_\f?&un_dﬁgu_wmcgo -60 _40 _20 GEMlOo chuster vggsun _chu vcmmqo
xd)&&yd)wnhhll_xﬂmd"luﬂ x>0 && y<0 with hit_x=1 and hit_y=1 x<0 && y<0 with hit_x=1 and hit_y=1 x>0 && y<0 with hit_x=1 and hit_y=1
- 103 - ' . ={oamo i x an g . 103 T . 103 : - od GEMIO_11_¥_att : 103 V1011 ¥ o ob
g Emms 1811 g x >0 y < 0 Ertres 224 i ;X < 0, y < 0 Em 1011 i Sk 558
: Mesn 1752 Mesn 1791 : : : Meosn 2462 ] [T
10% gotssessseasdensennseend Sersesdusertes ‘ SidDev 5588 107 grosecesseseds 'y { SudDev 2143 107 ' SidDev 1146 10° il cpey 15,44
O S l 10w 10
. A1l | ) . - . " | ,O. \ -
-60 40 -20 GEM1 _c!umwlz-&mn.clﬁg-r_mmvgo -60 40 -20 GEMlBQcW_xZ&QEMn_cﬁg-,ximqo -60 -40 Gemoq clum,&ull,dﬂgu,wmrso -60 -40 -20 GEMmocmuv \%;oeml _chu chmqo

e Improvement shown with APV correction and hotspot removing, but it is not significant enough to recover the low count

area at the right side of the downstream GMEs.
* It requires low-rate condition to do the alignment and the APV gain checking.



GEM Cluster Raw Hits Only

Cluster GEM10_X - GEM11_X Cluster GEM10_Y - GEM11_Y

- x<0 && y>0 with hit_x=1 and hit_y=1 . x>0 && y>0 with hit_x=1 and hit_y=1 x<0 && y>0 with hit_x=1 and hit_y=1 x>0 && y>0 with hit_x=1 and hit_y=1
= 1 [ - . o GEMIO_11_X_an gt = 10 - - wdGEMIO_11 X o o - 3 »
B : § : : E 103- : GEMIO_11_Y_an gt 2 10 ' : : 10_11_Y_o o2
b X <O, y > 0 Erres 1148 s :  sC A ' : | : E x < 0 y > O po——— g H : : &m,
: : i|Mown 1500 : [ Mesn 1913 S— - S— MSMP o 'sfusxn—v
10% ...... faceoen SiDev 5000 102 Sl S 102 —ﬂrg?mxaa S(:: A>05M|PSCD:O5MIP wer_MIP, ::):r
) I RS S S S 10 | S S = -
1 O S .+ "N upepren e N NS W SN N N SN S E (R | ...............
10055 40 0 10 554~ -zio - 10°! : i 10745 I ‘ I
oemoocnum ,@&m, d‘gg x(m.@ GEIMPCW )&%un cﬁga x(n-ﬂo -60 -40 -20 oemoqcaum,\g&un,dﬁgm,wm.go -40 _20 oewoqcm,\g?eun,a“ga,vwgo
x<0 &8& y<0 with hit_x=1 and hit_y=1 x>0 && y<0 with hit_x=1 and hit_y=1 x<0 &8& y<0 with hit_x=1 and hit_y=1 x>0 && y<0 with hit_x=1 and hit_y=1
= 103 Y GEMIO 11 XN o) - 103 : : Y 0 - oo 103 =z 103 - =
: : I : ' : : : - : i : : : : :
X<O y<0 §E""" - i X>0,y<0 | — i[Emies  es7| 3 F : x>0 : <0 | Ertrine 9
Ay 1aon I : . e e Mean 8272 I~ - ’ :y : | Mean -19.39
i]51dDev 8309 1025 """"" S """""" §oseososeees SDev 2084 a2l e oMDe 1881 102k - ........... S St e
s S e | e L e I SN SO % S T S W - —
~~~~~~~~~ 1F|ﬁ|” | RN (SRR 1

10" L 10" : L i :
60 40 20 .., D By A8 im0 -60 40 20 oemﬂcw,&’eunﬁf'ﬂ. Xm0 1060 40  -20 aenr @ Py d49ﬂ 0 1060 40 -20 oo 2o A% vnefi0

* Only one hit on each downstream GEM detectors
* The ”left” quadrants are more efficient than the right quadrants, and the top left quadrant is the most efficient

part of the downstream GEMs.
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5uA SC_A & SC_D run 4680_1 triggered timing threshold=36

i 1¢ H : . : . % A
Threshold=36  _sco

i i : : . = ShowerSum
10° " = 8C_C

¥ il

10" 4+ l flednd .A_L_J_I_LL_J 1_1_1.1..._..1 Ll 1§..;.[.L.\..u l:!.x.‘. wlad 1
0 10 20 30 40 50 60 70 80 20 100

S5uA SC_A & SC_D run 4680_1 triggered timing threshold=206

i i i i | —SC_A
= : —SC_D
- Threshold=206  —SE0 .
: : : . —8C_C
' - Shower _|
PreShSum
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5uA SC_A & SC_D run 4680_1 triggered timing threshold=106

10 ,
L %A
5 ‘ ~ld= —SC_D
10° o Threshold-106 —— ShowerSum
. - . —80_0
Shower_|

~ PreShSum
10°

“J’Mr\l—b,f‘f\\n_l“-r':m_)——l—\lu"u'\.rk

L 1 L,L,l,u,L ,l,J,L,AJ,l,,l_L,J Ll AL AL ,l,L J - - l,l,,j,,l

100
(4ns)

S5uA SC_A & SC_D run 4680_1 triggered timing threshold=506

; i —SC_A
» ~ —S8C D
__Threshold=506  —— showersum
- - —8C_C
. . - »
PreShSum
—SCB

10°

107

10
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Low energy backgrounds shielded by Pb blocks

§3OE . ;Ilfrom EM . ;from EM
20;—
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o EM background *°
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%320 0 o0 10 '2b'v'x'(cr'%o
* The Pb shielding block beside Ecal 30, eoctont
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 Requiring the coincidence with SC_D 3
should clean up the MIP region in the _;35_
da)tal'l/m SoL|p.Eollaboration Meeting . . | .
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Compare Shoulder and randoms for 10 MuA data with high statistics
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Hz

5uA SC_A & SC_D triggered
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