Beam test and Simulation
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Syracuse University

For ECal Beam Test Group

» Beam test simulation configuration
» Comparison between simulation and data

» LASPD photon rejection
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Simulation for Beam Test at J la

1 Benchmarking simulation of rate and background

O Study ECal and LASPD performance under high rate,
high radiation, high background condition

O Study ECal and LASPD PID

GEMs SC_A

No magnetic field

SC_B

Front to back GEM1+2, SC-A, Cer, GEM3+4, SC-C, LASPD, SC-D, Preshower, Shower, SC-B ‘
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Hall C Downstream Beam Line are included
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ECal Simulation for Beam Test at 82 deg

dominant by !
charged pion energy 1s not large enough to see the MIP at shower
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* The shower deposit energy tail follows an exponential function for both the
simulation and the data, providing an alternative method for “calibration” in the

absence of MIP peaks.
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ECal Simulation for Beam Test at 7 deg

» 7 deg—luminosity~e3’
* 60 MeV Moller electron from the target

* vy from beam line (high energy photons covered the MIP at shower)
N1 0° :

from bggen :rc* total rate= 1 872490 kHz :

----- from BeamOnTarget+shielding; total rateu3-1~6740 437500 kHz
from BeamOnTarget; total rate= 587252 437500 kHz

..... from eAll; total rate=1 068016kHz

from bggen t7; total rate=3. 567900 kHz

from bggen ﬂ:o total rate—4 171006 kHz ..............
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Q
l T HTITH]'TI'I'HTH

10°

TTI==FF 7

102

10 ............... f ............... i .............. i .............. i .............. ............. :

TR """""""" """"""" '

P18 W

T e e T T S e S

103! TR . TR SUNRVISTNS N TOPY) DO S .............. ..............

A
l lilllilllilllilllilllilll

-5 U
10 (@) 200 400 600 800 1000 1200 1400 1600 1800 2000
shower Edep (MeV)

Ye Tian SoLID collaboration meeting 5

104




PreSh_|

Select high energy e (clean signal) to test Cherenkov detector performance

Ecal Data for Beam Test at 7 deg
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Event

Ecal PreShower Edep for Beam Test at 7 deg

the high energy region.

PreShower can help on identifying high energy e, and it works well at

Event
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ngh Energy € to Test Cherenkov Detector at 7 deg

Data Npe =11 at 7 deg

High energy e cuts
» ECal center cut
* Atleast one PE in two diagonal modules
out of the four central blocks
* Consistent with 18 deg
= To-do:
e Add two diagonal Cherenkov modules
cuts on the simulation

CCCCC

: : : Npe_cut3
: : : Entries 2552
Data : i Mean 17.08
......................... ......................... .................. Std Dev 10.36
: : g ¥2 / ndf 15.48/8
L L ; : : Constant 154.8 + 5.8
i - : : : Mean 11.37 = 0.21
e hist2 =5 200 I AR oo s oo Slgma ‘4.381:0.282
..................................................................... Mean 23.17 B H : : : :
RZMS 11.11 ~
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------------------------------------------------------------- Constant 0.856 = 0.268 110 | L o7 e N T +2out 4 (Cer[3],Cer[6].. Cer{g] Cer{12])>1 PE cut..........oe.
H : : Mean 23.52 = 2.37 | d :
Sigma 8.346 = 2.041 B : H :
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ECal Rate Comparison at 7 deg

v Benchmarkmg 81mulat10n of rate and background

g from bggen T total rate=0. 064765 kHz : § §
@ from bggen n* ; total rate=0.033097 kHz
T from bggen =° ; total rate=0.251087 kHz ® TS#4 threSh()ld EdepZZOO
101 = from eAll ; total rate=0.327777 kHz ... .............. AAAAAAAAAAAAAA MeV Calibrated from the run
- - Simulation rate for TS#4 is 0.68 kHZ agrees 4121 (3He target):
B W1th the data trlgger rate O 73 kHZ
10—2 :_ ................................................................................................................................................... ) .
S Data/simulation=1.07
Y uw: | .............. ............. et B fom bggen ot rale=0, 178682 KHz v
— . Lq; ; from bggen x* ; total rate=0.083352 kHz :
o £10‘2 . e from bggen = ; total rate=0.445327 kHz = i...........ivooo.e.
- ‘ g : : o T from eAll ; total rate=0.370692 kHz S
10 NP BRI L1 | P - - The dummy target data TS#4 trigger
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Data/simulation=0.98 ] 11 ]::ﬁfﬁ%ﬁ::ff:::é::::::::.:é:f.:jé'ff::::::::;ﬁ:::::if::::::2:::
& Simulation rate is consistent with the 7 . . ] .............. ............... ............... ............. .............. ..............
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ECal Rate Comparison at 18 deg

> 18 deg—high rate test luminosity~ 2¢°7-4.5¢33
v" Study ECal, LASPD performance under the condition comparable to
SoLLID

* It 1s easy to see the MIP at shower
Beam test detector rate is comparable to that of SoLID

Detector Maximum SIDIS 3He Jp PVDIS Beam Test Comment
Rate (MHz)
SPD LA 4.5 9.2 10.2 (5uA) Cut below MIP
EC preshower FA 3.3 7.65 9.0 10.24 (68uA) Cut below MIP
EC shower FA 0.92 2.344 0.9 Cut below MIP
EC preshower LA 4.533 8.119 Cut below MIP
EC shower LA 0.482 1.894 Cut below MIP

(Table 25 from SoLID PreCDR)
«* based on 5uA run 4680 wavefrom from
https://userweb.jlab.org/~tianye/SoLID/ECAL beamtest simulation 2022/run4680 LASPD rate pulse.pdf

D)

% Dbased on 68 uA run4813 trigger rate
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Simulation: vy, 1=, e Ratio as a Function of DepE

> 18 deg—hlgh rate test luminosity~ 2e37-4.5¢38

Rate kHz

10°
from bggen t total rate—251 .485491 kHz : : :
. from BeamOnTarget+30x30x2 5cm3 poly total rate 1053576 414673 kHz
10 == from eAll; total rate=0.235186.KHz ... ... i
=l — from bggen =’; total rate=275.529620 kHz 40uA on LD2 :
— N fr'om bggen ° ; total rate_429 147885 kHz
1 o F B e e e
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10t et i e M) ostly We see. the photon.s..! ...............................
10—2 = f: .- ...................................................................................................
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Simulation: vy, 1=, e Ratio as a Function of DepE
> 18 deg—hlgh rate test luminosity~ 2e37-4.5¢38

102

N >
L from bggen *; total rate—251 1485491 kHz ; ; :
cul . from BeamOnTarget+30x30x2 5cm3 poly total rate 1053576 414673 kHz
© 10 == from eAll; total rate=0.235186.KHz ... ... i
o =l — from bggen =’; total rate=275.529620 kHz 40uA on LD2 :
— N fr'om bggen ° ; total rate_429 147885 kHz
1 o F B e e e
= : / SOOO<Shower ADC<6000 photon domlnant
101 et ...... R \Y/ ostly We see. the photon.s..!................g ..............
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PreSh_|

Ecal Triggered Data for Beam Test at 18 deg
PreSh_| vs Shower_| TS4=310 mV
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LASPD Photon
Rej ection Study

at 18 deg

LASPD t derivative
LASPD t+LASPD b

ShowerSum

Run 4680
5uA on LD2

TS4
2200<Shower_t<2800
800<PreSh_t<1200
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LASPD Photon Rejection Study at 18 deg

MIP double MIPs PreShower_|
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Photon rejection:
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LASPD Photon Rejection Study at 18 deg
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Photon rejection:

N/N(LASPD>0.5 MIP)

PreCDR LASPD photon

rejection 10:1

30-ns timing window

60 segmentation

(i° y+low energy e + y bkg)

Run 4680
5uA on LD2
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LASPD Photon Rejection Study at 18 deg

PreSh_ {rate*(Shower_1>90.9 && Shower_I<182)}
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LASPD Photon Rejection Study
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Photon rejection:
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* 60 segmentation
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Beam test photon rejection
factor ~ 7:1 at double MIPs
« LASPD b>0.5 MIP cut
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LASPD Photon Rejection Study

double MIPs PreShower |

MIP
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Photon rejection:
N/N(LASPD>0.5 MIP)

PreCDR LASPD photon
rejection 10:1

* 30-ns timing window
* 60 segmentation
* (" y+low energy e +y bkg)

Beam test photon rejection
factor ~ 6:1 at double MIPs
« LASPD t>0.5 MIP cut
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Summary

» Comparing both low and high rate test data with simulation, the rate
estimations from SoLID bggen and eAll event generators are consistent with
those from the 7 deg data within 10%.

» ECal prehower and shower work very well under the actual high rate, high
radiation, high background SoLID running condition, and the preshower
works very well on 1dentifying e at high energy region (above pion
Cherenkov radiation threshold >4GeV).

» The preliminary beam test result shows that the photon rejection factor is
around 7:1 based on SuA beam test data.

» Comparison between simulation and data and LASPD analysis are ongoing.
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Pion MIPs Double MIPs _Run 4344+ Run 4577

PreShower feature

Ratlo of background and Si
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Photon rejection:

N/N(LASPD>0.5 MIP)

PreCDR LASPD photon
rejection >10:1

30-ns timing window
60 segmentation

(i° y+low energy e + y bkg)

e Run 468&0
e S5uAonLD2

Consider pion background:

1/(1-0.91)> 10
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Event

High Energy e to Test Cherenkov Detector at 18 deg
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Ecal PreShower Edep for Beam Test at 7 deg

* PreShower can help on identifying high energy e, and it works well at

Event
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