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Monte-Carlo simulations for Jlab
Hall C SHMS Aerogel detector

Hall C++ analyzer development



Aerogel detector Geant4 simulations

The simulation code * Geometry

incorporates:
s*Actual geometry detailed modeling
** Cherenkov light tracing
¢ Attenuation effects
*»» Millipore paper reflectivity
** Quantum efficiency spectrum of
PMT photocathodes
** The initial particles coordinate,
energy, and angular distributions e
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e Initial particles coordinate, energetic and angular distributions
are generated according to appropriate conditions
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where t is thickness of the
material
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Millipore | ' XP4500
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DETECTORS WITH SILICA AEROGEL AS RADIATOR, NIM-A, 154

(1978) 253-260 provided by Photonis

In simulations the QE spectrum provided by vendor is corrected by factor 0.6 to
take into account the PMT degradation




Aerogel SHMS, SP30
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Charged particle direction

Diffusion box

| SP30, simulation |
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The cosmic tests are performed in reverse geome
actual experiment the signal is expected to be ~20% higher
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Possibility of using alternative reflector
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COMPARISON OF DIFFUSE REFLECTIVE MATERIALS

Reflectance vs Wavelength
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0.86 #+1.0 mm Speciralon” * REPORTED IN LABSPHERE TECHNICAL LITERATURE
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Gore DRP data from total hemispherical reflectance measuremenl it using a Cary 5E spectrophotometer
w25 W.L. GORE & ASSOCIATES, INC. PHONE 410/ 392-3200

Gore reflector is claimed to be highly
(~0.99 and higher) reflective in all
operating range of the PMT
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Millipore only

0.5mm Gore covers dif. box excluding PMT sides
1.0mm Gore covers dif. box excluding PMT sides
3.2mm Gore covers dif. box excluding PMT sides

3.2mm Gore, entire dif. box covered

Simulations predict up to 40% signal improvement by using Gore diffuse reflector
instead of millipore
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Electron threshold: 2.1 MeV/c(n = 1.03)

An under-threshold particle may create above threshold delta-particles in a
material and generate signal
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About 2% of 3'GeV protons generate non-zero signal due to delta=electrons
created in:10cm of aerogel-material



Aerogel SHMS, SP30, No Honey Comb, No Box
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Aerogel SHMS, SP30, With Honey Comb And Box

Suppression
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| Aerogel SHMS, SP30 |
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The detector itself (if no other
spectrometer detectors are placed
before it) is expected to provide
suppression factor ~40-50 with
kaon detection efficiency higher
than 98%




Suppression
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Detectors before the Aerogel Cerenkov
in SHMS:

- Heavy gas Cherenkov

- Drift chambers

- Hodoscope

- Noble Gas Cherenkov

Due to delta-electrons from these
detectors kaon-proton suppression of
Aerogel Cerenkov drops to ~20-30

| Aerogel SHMS, SP30 |
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Hall C++ Analyzer progress: Calorimeter (Shower
detector)

The Shower detector consists of 52
lead glass blocks, arranged in 4
layers and 13 rows

In the 1st and 2nd layers PMTs are
attached to both right and left sides
("positive" and "negative" ADC
channels)

In the 3rd and 4th layers PMTs are

on the right side only ("positive" ADC
channels)




Analysis process: Init, Read DB

 Run initialization
— Determining run number
— Determining database
— Determining detectors

 Reading data from database:
— Geometrical parameters
— Pedestal values
— ADC channel to Shower block number mapping
— Calibration constants




Analysis process: Decode

e Decoding data
— Distinguishing pedestal events
— Calculating pedestals mean values and sigma's
— Calculating signal thresholds:
Thr = Max(50, Min(10, 3*0))
— Reading raw ADC value
— Calculating pedestal subtracted values




HMS Cal A+ ADC hits HMS Cal A- ADC hits

HMS Cal B+ ADC hits HMS Cal B- ADC hits

HMS Cal G+ ADC hits HMS Cal D+ ADC hits




Comparing results with Fortran ENGINE

ADC - pedestal example, thresholds applied; MDUALITY experiment, run # 50017
Results match
HMS Cal Pos ADC2 - PED

calposadc2
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C++ Analyzer Mean 1026
RMS 65.95

d { f { f {0 o L . Y, ¥ T Y I P, WY
100 150 200 250 300 350 400

D_III|III|III|III|III|III|III|III

"
o

HMS Cal Pos ADC2 - PED

calposadc?

Entries 3678
ENGINE Mean 102.6

RMS 55.95
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Raw energy depositions in 4 layers of
the HMS calorimeter, from Engine and
hcana

Differences in the raw energy
depositions for the 4 layers




heal max.cluster Edep t=htng Edep Difference
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The largest energy deposition in the hit clusters (left) and difference between hcana

and Engine (right)
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Energy deposition in the Preshower (1-st layer) for the cluster with largest energy
deposition (left) and the difference between hcana and Engine (right)
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