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Hall C and the Neutral Particle Spectrometer

e Hall C is for precision measurements

e Removal of HB on SHMS carriage,
straight shot into NPS

e Coincidence between NPS and
well-characterized HMS

e Small angle, precision
cross-sections, LT separation, high
luminosity
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Small Angle Program of NPS Collaboration (RG1a)

Deeply Virtual Compton Scattering off the proton
DVCS off the neutron
Deeply Virtual Meson Production (neutral pions)
Semi-Inclusive Deep Inelastic Scattering (SIDIS) with neutral pions

E12-13-010
65 PAC days

E12-13-007
25 PAC days*

E12-22-006
44 PAC days

E12-23-014
+7 PAC days

94 PAC days total!

Large acceptance of the NPS and unique trigger allows multiple
processes to be measured simultaneously




Proton Structure and DVCS

Nucleon form factors accessed via elastic scattering
Parton distribution functions accessed via DIS

DVCS is the simplest probe of GPDs
LT Separation

DVCS Bethe-Heitler (BH) process
! )

ep—= epy = + +

() (b) (c)
o(ep — epy) = |DVCS|? + |BH|? + interference




DVCS off the Neutron Results from E08-025

g - D(ee'y)X —s— [D(e.ey)X-H(eeV)X]- 10
« Subtracton of pi0 PECEF
background = 9 » ~ %
e ~2-12x better separation of 2 4 %
nDVCS and dDVCS £ 3
e Flavor dependence of Z 2
nucleon GPDs
e Azimuthal, beam, and helicity R 3 T
dependence of cross-section ~  EBlellie.

M. Benali et al., Nature Phys. 16 (2020) 2, 191-198
D(e,e'v)X = d(e,e'v)d + n(e, e'y)n + p(e, €'y)p,

Separated by missing mass E12-13-010 (AMZ = t(1 — My/My) =~ t/2)
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Proton Structure and DVCS

e Nucleon form factors accessed via
elastic scattering

e Parton distribution functions accessed
via DIS

e DVCS is the simplest probe of GPDs

e LT Separation

% | -e-uquark (HT)
&-50- -e-d quark (HT)
| -uquark (NLO)
I -a-d quark (NLO)
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M. Benali et al., Nature Phys. 16 (2020) 2, 191-198

o(ep — epy) = |DVCS|? + |BH|? + interference



Exclusive neutral pion

electroproduction
e Previous experiment in Hall A and

CLAS show evidence of
transversely polarized virtual
photons

e LT separation off proton and
deuteron with a large separation in
epsilon (three epsilon points)

e Handbag factorization tells us the
amplitude for transversely polarized
virtual photons are suppressed by
1/Q

M. Defurne Phys. Rev. Lett. 117, 262001 (2016)
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Small Angle Program of NPS Collaboration (RG1a)

Kinematic Beam Coulomb Goal LH2 % of LD2% of
Setting Pass Per Target Goal Goal DVCS 12 Gev Ha" A/C
KinC_x36_1 3 1.2 119.33% 134.08% 10 < Q* with
KinC_x36_2 4 1.1 37.12% 20.67% « = 'Efx"';%‘e G:\I/
K.|nC_x36_2l'. 4 1.1 44.78% 25.22% % - NPS Beam (GeV) -
KinC_x36_2 4 1.1 34.77% 2517% 5] 91— W2 < 4 Ge\?
KinC_x36_3 5 0.6 107.21% 119.06% el = . 10.6
KinC_x36_4 4 27 36.67%  19.16% &) sk
KinC_x36_5 5 1.4 121.88%  88.58% = | 8s
KinC_x36_5" 5 0.5 137.28% 106.98% = . 6.4
KinC_x36_6 5 43.95% 36.85% 7 d
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02 03 04 05 06

KinC_x25_1 3 0.5 53.14% 34.10% .
KinC.x25.3 4 55 2273%  18.02% Plot courtesy of Charles Hyde and Julie Roche 9

| KinC_x25_4 5 2.6 41.78% 33.59%




Small Angle Program of NPS Collaboration (RG1a)

DVCS 12 GeV Hall A/C

CLAS12 DVCS phase space

10 maximum Q* with
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Semi-inclusive deep inelastic
scattering

e SIDIS cross sections depend on the
transverse momentum of the hadron
Ph L.

o  Arises from intrinsic transverse
momentum (k7) of the parton and the
transverse momentum (p7) of the
fragmentation process

e Neutral pions are a good test and
consistency check of flavor
assumptions in extraction of TMDs

with TM fragmentation
o  With a pT and kT dependence, a
convolution is necessary to obtain Ph L




12 GeV Hall C SIDIS Program — HMS+SHMS+NPS

Accurate cross sections for

validation of SIDIS 10F" "7
factorization framework and -
for L/T separations
‘ E12-13-007 : 8 F
| ?eutlfal (Q“““‘“’im:s; - Charged pions:
can In (X,Z,Fy
Overlap with S D E12-06-1.O4
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Small Angle Program of NPS Collaboration (RG1a)

Kinematic Beam Coulomb Goal LH2 % of LD2% of
Setting Pass Per Target Goal Goal
KinC_x36_1 3 1.2 119.33% 134.08% =TT S
KinC_x36_2 4 1.1 37.12% 20.67%
KinC_x36_2" 4 1.1 44.78% 25.22% 130.00%
KinC_x36_2" 4 1.1 34.77% 2517%
KinC_x36_3 5 0.6 107.21% 119.06%
KinC_x36_4 4 2.7 36.67% 19.16%
KinC_x36_5 5 1.4 121.88%  88.58%
KinC_x36_5' 5 0.5 137.28% 106.98%
KinC_x36_6 5 43.95% 36.85%
SRR -
> 46T 82 Y a7 49 af P P P SV Y g P08 S G 2
PPy PSS
EEEEN | 57.62% I SIS EEEEEEEEE
KinC_x25_1 3 0.5 53.14% 34.10%
KinC_x25_3 4 2.6 27.73% 18.02%
| Kinc_x25 4 5 2.6 41.78%  33.59%




NPS Calorimeter

PMT
assembly

wetal shle\d‘ » HV divider =l

1080 PbWO4 blocks
High energy resolution
High light yield
RadHard

Temperature controlled

frame
o Hamamatsu 4125 PMTs

e HV divider and amplifier
to reduced HV
requirements

e LED system for gain
monitoring

e HV, LV, and LED signals
distributed to an entire
column through
distribution board
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NPS DAQ/Trigger Setup

Shared Perimeter (1 row)
FADC Digitized Pulses
FADC Channel 5
FADC
- \ Readout Masks Trlggers
Digitized Pulses j

Calorimeter Array : A
g FADC Lo ymp o
35 }- | 120Channels b \ \ . A lamk b
= e e e e J "-'"-"‘ '"-
i < . wheedlliimimi. ) .u.b.
L Jd mse Lo B
‘ i| 240 Channels & >m

N

I :- «l
1 FADC o .
E 240 Channels , ») i .
1 . e ] —‘ L1A trigger latency estimated around 1ps

““““““““““““““““ + Clustering of all views happens in

jJ e B E— e |
:‘ FADC B — | - L1A (to front-end: FADC, VTP, etc)
v E 240 Channels > VIP :f_’—’ 71 V1495 TS

&
—
)
A 4

E 3 parallel in about 64ns
2 FADC > VTP > * Most of the delay is in transporting
( E 200 Ehannels L/ information across the serial links
0 = f/aE s b + L1A latency doesn't include additional

; delays due to TS->Tl cable
0 X 29 VXS Crate 2 0Gbps optical delays/latency settings

16OGbps over VXS backplane
FADC Integrated Pulses
(channel#, charge, time) 16



NPS DAQ/Trigger Setup

e Trigger pedestal is the same parameter that would be calculated for the readout data.
e Trigger gain parameter normally used to scale ADC -> MeV
e Both pedestal and gain require calibration to determine parameters.

/"Fixed Gate Width” Pulse Integrator \

NS:IB N‘SA Integral
= " \ (Reported for Readout)
_.‘a J l /’
a X3
5 =
% o [T e P - o
o E \
2l 8 b Parameters:
g Threshold c“rossin 1) NSB (Number of Samples Before)
< (Time Reported fogr Readout) 2) NSA (Number of Samples After)
P 3) Readout Threshold
ADC “Fixed Gate Width” Pulse Integrator
I Pedestal Subtract I @
NSB NSA T 3
’_,i‘ ; A ADC -> MeV Conversion Factor 2
ECAL ] \ 0 to 8191MeV, 13bit %
\
C han ne| -":,'u' = Energy Discriminator | % ;
L B —— —— T a Reports to VTP:
S " ¢ > . -
t i > Energy 7
) € L 5 .
% § T"\ /‘/ Parameters(Reported for Trigger) 1 3 b|t el:]e rgy (In MeV)
— vV . °
|.': é Threshold crossing 1) NSB (Number of Samples Before) 4n5 tl mlng
(Time Reported for Trigger) 2) NSA (Number of Samples After) ¢ Channel number
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\ 4) Pedestal J * 32ns double pulse 17
5) Gain .
resolution




Energy and Timing resolution

2" cluster time (ns) (ns)

e Beam bunch time, HMS coincidence
time

e Cluster coincidence time

e Energy resolution of NPS

Missing Mass Squared (Mx?)

0
J‘r 18 ' cluster time (ns)

Raw Mx?

Accidentals e P ] T - ________________________ 2000 0.60 ns BIOCk 701
: ' ‘ 1800 resolution I

Events
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Plots cqurtesy
800 Wassim Hamdi
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Brief Analysis Update

Pass1 complete

HMS detector calibrations

~

NPS pi0 calibration on ~half the kinematics [ Talk By Mr. Hao Huang |
Elastic waveform analysis completed [ Talk By Wassim Hamdi
Optics matrix element update [ Next talk By Christine Ploen
Target luminosity discrepancy [ Next talk By Mark Mathison

Initial data-to-MC comparisons of SIDIS yield [ Next talk By Josh Crafts }
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https://indico.jlab.org/event/866/contributions/14920/subcontributions/293/attachments/11533/17850/NPS_Energy_Calibration_Hao_Huang_v2.pdf
https://indico.jlab.org/event/866/contributions/14920/subcontributions/294/attachments/11535/17853/Waveform_Analysis.pdf

NPS Refurbishment

e Active components in the Keysight card for temperature
sensing - replaced / moved
e Check resistance chain on dividers (Fernando’s group)
o  Limited to 850V due to resistor chain, can it be
reworked for 1500V?
e PMTs - first few columns
o  Remove some from first few columns, test to failure,
and get spares
o  check connection to crystal for dried optical
connection
e Cable management (On Steven L. list)
Resolve issue with connectors on calorimeter side
(electronics group)
o  possibly have an intermediate patch panel
o  replace connectors?
e  Optional: Shielding to shield strips on boards to reduce
noise between boards
e  Optional refurbishment: Crystals
o may try to bleach is all is disassembled anyway




NPS Refurbishment for Future Experiments

e Active components in the Keysight card for temperature
sensing - replaced / moved

. . - , HAMAMATSU R4125 PHOTOMULTIPLIER TUBE
e Check resistance chain on dividers (Fernando’s group)

Relative anode sensitivity changes as a function of operating time

o  Limited to 850V due to resistor chain, can it be ok ot i 1601
Ambient Temperature : +25 °C
reworked for 1500V?

Sample : 12 pcs

QG0016B

e PMTs - first few columns "
o  Remove some from first few columns, test to failure,
and get spares
o  check connection to crystal for dried optical
connection
Cable management (On Steven L. list)
Resolve issue with connectors on calorimeter side
(electronics group)

125

100

75

Relative Anode Current %

50

©  possibly have an intermediate patch panel s maon s s v amatn o
o  replace connectors? 22 inormaton. ’ SN
e  Optional: Shielding to shield strips on boards to reduce .
noise between boards 1 10 100

Time h

e  Optional refurbishment: Crystals
o may try to bleach is all is disassembled anyway
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HAMAMATSU PHOTONICS K.K. 2006/0:
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Thank you
Questions?




