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Hall B & the CLAS

Purpose: 3D tomography, form
factors, TDPs, GPDs

Overview

Solenoid

* Pre-shower, Electromagnetic, and
forward tagger Calorimeters

e Central barrel: neutron detector




* Energy loss in matter:
Bethe-Bloch formula,
radiative corrections

Calorimetry

 Large kinematic range
of minimal lonization

6/16/2022

b

Mass stopping power [MeV cm?2/g]

100)

5.2 B
10 Eﬂm Radiative -
- B Minimum _~" losses .
- ‘¥ ionization i =]
B ."*:QL.L'IL'LL] g ., — =

i . Without o

| | | | | |
0001 001 0.1 ool 107 10°
| | | | | | |
(1.1 | 10 1 100 100}
|MeV/c] [TeV/e]

Minimum lonizing Particle (MIP)

Jgﬁfégon Lab

1T T 1T |
£

hard=

S

| | ——===},

F 'y
;;-"' Andersen=

Ziegler

i on Cu

Bethe

Radiative

Muon momentum



Minimum lonizing Particle (MIP) Jefferdon Lab
Calorimetry

Tracking Electromagnatic Hadronic Muon detector
calorimeter calorimaler

* Energy loss in matter:
Bethe-Bloch formula, Photons
radiative corrections Electrons

Fositrons

|
Muons =.

« Large kinematic range of Gcrared,

hadrons

minimum lonization Neutral

hadrans

NEUtI‘inﬂi

 Muons, other neutral
hadrons

Innermaost layer » Outermost layer
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MIP Calorimeter at the CLAS Jeslerson Lab

w

 Far forward (6 < 11°)
region

* Energy deposition and
spatial tracking

* Neutrons, K;, and Muon
- detection

n {Zl < Currently at prototype
Downstream stage
alcove =« Applications for Hall B and
GlueX

Calo Here
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NEUtrOn Detectlon JeffersSon Lab
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Muon Detection

 Muon tagging in
open charm
production

» Sensitive to GPDs

» Cross sections
poorly constrained
at low energy

« Relatively high
decay to muons
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» Charmed Mesons
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D

MIP Ca|0r|meter De5|gn JefferSon Lab

» Array of scintillating material

« Fast, high gain readout
electronics

 Signal amplitude, timing
correlate to energy
deposition and location

e Based on previous designs
used for muon tomography,
muon telescopes
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MIP Calorimeter Design

- Diphenyloxazole (PPO) doped |
plastic scintillator —

« Wavelength shifting fiber

* Silicon Photomultiplier (SiPM),
“‘multi-pixel photon counter”
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Implementation at the CLAS Jefferdon Lab

* Placement behind EM cal.
 Relatively inexpensive, ~$0.5M

» Plastic: ~$10/bar 1z ,:ﬁ =

« Electronics: ~$100/channel o \
« Operationally simple: readout I\ Z
alternative to PMTs = FEE

Downstrearn
alcove

« LOI within next year

ard carridge
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BenChtOp PrOtOtype JefferSon Lab

» Test unit comprised of
single, scintillating bar and
small scintillating tiles for
triggering

« MIP passes through bar
« Bar scintillates in UV

« Photons captured,
wavelength shifted in fiber

« Photons activate discrete
pixels in SiPM
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Benchtop Prototype

* LED simulates UV
signal from MIP

« Calibrated photodiode
determines photon
flux

Kuraray® Y-11(200)
Wavelength Shifting

Fiber

CAEN® SP5601
Pulsed, UV LED

KETEK®

DC bias

Rigol® DP832

DC Bias

Photon/pixel Calibration
Dark Box (<0.01 nW/cm?)

Newport® 818-UV
Calibrated Optical Sensor

Newport® 843-R
Optical Power Meter

Thorlabs® TT200R551A
e 50/50 Optical Fiber Splitter

Onsemi® MicroF)-30035-TSV
Silicon Photomultipliers (SiPM)

/

Mini-Circuits®
ZX60-43-LN+
Amplifier

PSI® DRS4
Digitizer

Trigger
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Benchtop Prototype

* SiPM pulse amplitudes produce .
“Finger spectrum”
- After calibration, ADC voltage -
converts to photon flux 2
- - " v Voltagné(mV) - m = .
Calibrated Finger Spectrum, two amplifiers "
éce “{1’5'[ |Iri’
§ ) 5 \ . \‘\.V. "'
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GEant4 Monte Carlo (GEMC) simulatighe

 Simulate expected
performance;
energy resolution,
spatial resolution

» Good responsivity
to incident muons

 Known radiation
source can be used
to calibrate
simulated SiPM
response
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COS m IC Ray Te St Jefferson Lab

Cosmic ray pu*

 We can test cosmic ray muons

fo.r free! o E

« Trigger by coincident

detection at small tile above - als

and below ‘SIPM Readout
* Signal collected from both ﬁ

ends of the bar
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. e éf?on a
Cosmic Ray Test seferson Leb

Cosmic ray p?

* Pulse amplitude spectrum is
a Landau distribution ~ what |
we expect for cosmic rays! AW

« ~87% trigger efficiency

e~
",’f'_/]_/'lvm,._ l
: ‘SiPIVI Readout
° G OOd corre I atIO N . SIPM Signal Response, 1 Hour Collection of Cosmic Ray p=

ES
Of t h e b a r s Calorimetry Bar, Right End

- ‘ Calorimetry Bar, Left End
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Next Steps

« Characterize responsivity of
scintillating bars

« Complete GEMC simulations
of SiPM response

« Scale benchtop model (and
electronics) to full size

* Propose!
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K, Detection

* Neutral kaon decay

channels in vector mesons

K, decay length typically
10-100m

* Investigate CP violation

6/16/2022

3

@

\

P, 7. n

jL

JL

19



SlPM Slgnal CallbratIOn JefferSon Lab

e Pixel count determined from
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SiPM Signal Calibration

* Incident photon count determined
from Newport calibrated photodiode

« Constant splitter ratio

« Calibrated diode measures average
power from LED

« SiPM pixel count “measures”

photons/pulse
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SiPM Output v. Incident Optical Power

100

i;;il‘i ' — - —- 1302 Pixels Fired
_ﬂ'h“ 1L

o 13-05 Pixels Fired
il ® —- 2502 Pixels Fired

200

— —& —- 25-30 Pixels Fired

300 400 500 600 700
Incident UV (400 nm LED) Photons

800

1/PDE {photons/pixel)

Calibrated
Photodiode

puT: siPM]

3.5
3.4
3.3
3.2
3.1

2.9
2.8
2.7
2.6
2.5

Jgﬁfégon Lab

source

SiPM Photon Detection Efficiency v. Incident
Optical Power
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» Smaller tiles of scintillating
Blastlg: above and below
ar trigger data collection

« Trigger occurs if both SiPM
are above the 3.3 pixel
threshold

» Requiring coincidence
between tiles removes
background noise

« With scintillator material
added, high energy
coincident spectrum appears
- not Landau
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