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Executive Summary

Using the PRad method, which has convincingly demonstrated the
validity and advantage of the new calorimetric technique, we will
measure the deuteron charge radius with a precision of 0.21%

We will cover the Q2range of 2x104 to 5 x10-2 GeV2 probing the lowest
Q2 reached in e-D scattering experiments.

We will use the PRad-ll setup along with a new recoil detector.
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There is a urgent need for high precision e-D scattering

data used to extract deuteron radius

- some data over 40 yrs old
CODATA-2018  CODATA-2014 - Iarge uncertainty
- . -
- most recent resultis a
- D spectr. i
e-D 1973 peetr, reanalysis of oIo_I data
c-D 1981 - all used magnetic
) B aea. 1998 spectrometer method
e, 1970 S N normalized eD to ep cross
' . re-analysis -
¢-D (Sick & Trautmann 1998) section
- large bgd. from target
P | — | — | N | P N M| N | I .
2.07 2.08 2.08 2.1 2.11 2.12 213 214 2.15 windows

Deuteron charge radius r p [fm]

fit
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R.W. Berard et al. PLB 47,355, (1973)
1 cooled Hz and D2 gas measured ratio of eD/ep

_ ’
' S T + I T+ % cross section; Q = [0.2 - 0.7] fm-1
1 “ %%- i ++% H‘{'# #f H G.G. Simon et al. NPA 364, 285 (1981)

gas and liquid targets; Q = [0.2 — 2.0] fm-1

F(Q)/F(Q)

0.95

............................ S. Platchkov, et al. NPA 510, 740 (1990)

, °%% o5 1 1s 2z 25 s LH2andLD2targets; Q= [0.7 — 4.5] fm-1
Q2 range of Four momentum transfer, Q (fm™)
proposed

experiment Situation points to a urgent need for a new high precision eD experiment
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The slope of the G¢(Q2) form factor at Q2= 0 is used

to extract rp from elastic e-D scattering.

o e In the limit of first Born approximation, elastic eD- scattering is
written in terms of the A(Q?) and B(Q?) structure functions.

do _
aQ

d

=7 | ns[A(Q?) + B(Q%) tan?0/2]
ds)

ch’ GQd1 Gl\/ld

16|85 s for elastic scattering from point-like spinless particle, &
A(Q2) and B(Q?) are related to deuteron charge (Gcu),
electric quadrupole (Gad) and magnetic dipole (Gmd) form factors:

AQY) = GBAQ) + 21Ghu(@) + g P Ch@)
BQ) = 3001 +0)Gu(@),
n=Q*/4m},

At low Q2 contribution from Gag and Gug are small, and the deuteron rms charge radius is

defined as: dGe dA | G2,(0)
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DRad: a novel electron scattering experiment
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Will use the PRad-Il setup with 1.1 GeV and 2.2 GeV electron beam

= High resolution, all PbWO4 calorimeter (magnetic spectrometer free)

= Windowless, high density gas flow target (reduced backgrounds)

= Simultaneous detection of elastic and Maller electrons (control of systematics)

= Vacuum chamber with one thin window, & two GEM chambers (better resolution)
= Q2 range of 2x7104 - 5x10-2 GeV? (lower than all previous electron scattering expts.)
= Add a cylindrical recoil detector for ensuring elasticity of reaction.

= Essentially model independent extraction of rp
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The DRad experiment will use a magnetic spectrometer

free method to measure rp

Allows coverage of extreme forward angle (0.7° - 7.5°) in a single setting
and complete azimuthal angle coverage.
Q2 range of 2x7104— 5x10-2 GeV? (lower than all previous e-D scattering experiments)

Upgraded HyCal: replace lead-glass modules
with PbWO4 modules to have uniform high
resolution.

PbWO4 resolution:
Oe/E = 2.6%/NE ; Oxy=2.5 mm/E

: ‘ Convert to FADC based readout of HyCal

PbWO, calorimeter (118x118 cm?)

57x57 matrix of 2.05 x 2.05 cm2x18 cm PbWO,
5.5 m from the target,
0.5 sr acceptance
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The DRad experiment will use the PRad windowless

target with a redesigned target cell.
A cryo-cooled windowless gas flow target.

density:
~2x1018 atoms/cm?2 cooled to 20K
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Systematic uncertainties will be controlled by

simultaneously detecting e-D elastic and Mgller events

HyCal + GEM

= eD cross section measured relative to Mgller:

(%) @) - [Ngigd(edﬂdingiﬂa) Cim -53;:_] () =

Ng,i‘f,ld (ee” — e e) 5ggom 5(eizt df

. . Deuterium
Two major sources of systematic errors, N, and N, , cancel. - e

But, need relative det. efficiency ¢, e_by': gy H

. Geom. acceptances and detection efficiencies will be extracted £
during ep — ep calibration run with hydrogen gas in target cell.

\

* Deuteron detection efficiencies will be obtained from the ratio of
deuteron/proton detection efficiencies measured at TUNL using JoE O
the 5-15 MeV p/D beams from the Tandem accelerator.

Mgaller events will be detected in two-electron and/or single o R — o=l 3
electron modes within the HyCal acceptance.
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The elasticity of e-D scattering will be ensured with a

cylindrical Si-strip-based recoil deuteron detector.

Beam ~ ‘

Readout electronics

20, pairs of
silicon strip detectors

pitch adaptor

Based on CLAS12 Barrel Si tracker (SVT) | | . )
i / arbon fiber

material budget

* consists of 20 panels of twin, single-sided Si-strip detectors (size; 42x52 <1% rl

* thickness: inner, = 200 um, outer = 300 um (to be optimized);

* dodecagon arrangement with R=13 cm radius;

* 256 strips on each sensor, angular resolution: 6¢ < 5 mrad, 6 < 20 mrad
* Passivation layer ~ 0.1 ym ( can be as low as 0.01 ym).

PAC51 Meeting, July 24, 2023



Thin passivation layer Si-strip detectors are routinely

available.

Micron Semiconductor Ltd | OMC  MARKCTE  MANLTACTLRL DIAMOND  CUETCM  INIIDITIONE  NCWS  CCNTACT
Ohmic / Junction Window Type
-
:IL]CON SENSOR OI'TIONS
Window Type

The ange of deac laver windows available with the in-houze Varian 3C0 X ion implanter are listed

below. Window types reler to the juncetion of a deviee, but can also be achicved on the ohmie side
upon raguest

WINDOW TYEF DFAD T AYFR MINIMUM ENRERGY THRESHULD
Election Frolen
2 SO0 nm L KeV 20 KeV
7 300 nm 2 KeV T0 KeV
\
9 100 nm IK cV 20 KeV
WAFER NUEANDARD SILICIN
. SIZF THICKNESHES AVAILABLK
9.5 S0 nm 500 eV 10 Kev .
J-inch 20, W, &0
™ 10 nm 1 &V 1 Kevy 1-nch |40, 50, 65, 80, 100, 140, 250, 300, 300, 100, 150C 1
G-inclh 150, 200, 300, 200, 500, 675 pm
PSD NTD ’ ’
* R&D

T —

—
Neutron tranamutaticn doged n typ2 silicon is offered for apal cations where low resistivity
var aticn across the wafar is “equired. This mzterial has a much higher depletion vclage that

regular h gh resistivity n-type matearial.
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The elasticity of e-D scattering will be ensured with a

cylindrical Si-strip based recoil deuteron detector.

thin layer (inner) thick layer (outer) intersection of layers

///////
:

-_—— §
§
§

256 \ v

52 mm

256 strips with linearly varying angles of O - 3 deg to minimizes dead zones.
The strips will have a constant pitch of ~200 micron (~1/85 deg-).
The angular resolution of dp = 5 mrad and 36 = 10-20 mrad.

The recoil detector will be calibrated using ep elastic running on hydrogen
and with the 5-15 MeV p/D beam from the Tandem accelerator at TUNL (recently validated).
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5-15 MeV p/D beam from t
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The recoll detector calibration scheme validated using
he Tandem accelerator at TUNL
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New spokespersons (F.Q.L. Friesen &
C. Howell) from TUNL/Duke will build
the SSD recoil detector

Plots and analysis courtesy of J. Zhou
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Particle identification at 1.1 GeV will use recoil detection

and its time difference with the HyCal.
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For large part of 1.1 GeV kinematics the
deuterons do not disintegrate,

but still the deuteron must be detected
to ensure elastic scattering.

PID relies on the co-planarity
of e-D elastic scattering.
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Particle identification at 2.2 GeV will use recoil detection

and its time difference with the HyCal.
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The recoil detector can detect deuterons with kinetic

energy > 40 keV

Comprehensive Geant4 simulation of the experiment was developed and used
for studying the detection thresholds and backgrounds.

Deuteron will recoil at large polar
angles 084 = [830 - 890];

Passivation (dead) layer on the Si-strip
detector assumed ~0.1 ym, as low as 0.01 ym
is available from Micron semiconductors.

At both 1.1 and 2.2 GeV beam energy
0c = 0.7° - 7.5° can be detected

giving a Q2 coverage of 2x7104 — 5x10-2 GeV?
with high resolution.
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Deuteron electro-disintegration and inelastic scattering

are the two major sources of background.

Both major backgrounds included in the comprehensive simulation.
Other minor background such as coherent pion production also studied.

Electro-disintegration rates are < 6% of the elastic rates.
inelastic rates are < 1% of the elastic rates

E=116GeV,.08, =3.0-3.3deg E=2.2GeV, 8, = 3.0~3.3 deg
1 -
0.008. | 0.0014 - :
o clastic oo 0.0012 | il
- 1 [N Lasts ni
> B ks tic - elastic Hi
S 0006+ B I 3 00010  mmmm inclastic il
Py I < i
= I S 0.0008 i
3 0.004 v @ HiE
= Bl S 0.0006- i
crystal region: : ‘ il c rvstal recian i
P T ] 4 crv g H i
0.002 - smeared for 2.6% Vi 1 0.0004 smeared for 2.6% i
i o i
il ooz I
0.000 et L L 0.0000 — ' ma——
O 200 400 600 800 1000 1200 ' 0 F00 1000 1500 2000 2500
energy of the seattered cleetron energy of the scattered electron
E' (MeV) E' (MeV)
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Elastic e-D and Mgaller events can be cleanly separated

over the full angular range [0.7° - 7.59]

Comprehensive Geant4 simulation of the experiment was developed and used
for studying the detection thresholds and backgrounds.

lll
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|[l]]
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The internal and external radiation has
been included for both e-D and Mgaller
scattering.

The simulated

energy vs. scattering angle distribution
of e-D elastic and

Moller scattered electrons
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A wide range of functional forms were systematically

tested for their robustness in extracting rp.

« Various functional forms were tested with modern parameterizations of the deuteron form
factors, using DRad kinematic range and uncertainties.

* Fixed Rational (1,3) was identified as a robust fitter with lowest uncertainties

Rational (1,1) tixed Rational (1,3) n
: 1 * 1.1GeV
- -0~ Abbott2 ;\ 4+ 2.1 GeV
: 0-9 __ \!.
i — .
- g Abbottl 08l A'x Rinput = 2.093 fm
r N Ry, = 2.091 + 0.001 fm
L B N
: o - 0 B A\
> . RSCMEC 0.7 N
H B \A
- N
- L
- - RSC 06 S
- Sl
0.5 ~ .
-.- + IAN1EC :I Il Il Il | Il 1 Il 1 I 1 1 1 1 I Il Il Il Il | 1 1 1 1 I I\bl\l\L
0 0.01 002 003 004 005 0.06
Q° [(GeV/c))]
—— - 1A T — —
Simplistic models, Bias from fitter ~ 0.065%

—0.02 —0.01 0 0.01 0.02
SR/fm

0.02

8R/fm

0.010 0.01 0.02 not used to draw

conclusions

The robustness = root mean square error (RMSE)

OR = difference between the input and extracted radius

o = statistical variation of the fit to the mock data RMSE = /(dR)* 1 o2,
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A total of 40 PAC days of beam time is requested for the

high precision extraction of rp.

"= Target thickness: Ny = 2x10'8 D atoms/cm?
Beam intensity: |, ~30 nA (N, =1.875x10" e7s)

1) for E;=1.1GeV, Total rate for ed — ed
Neg = Ne X Nigt X AG X €geom X Eget
=519 events/s =44.7 M events/day
Rates are high, however,
for 0.5% stat. error for the last Q2= 1.3x102 (GeV/c)? bin
8 days are needed.

2) for E;=22GeV, I,~70nA Total rate for ed — ed

Neg=43 events/s = 3.7 M events/day

to have ~ 0.5 % stat. error for the last Q2 bins
we request 16 days for this energy run.

The choice of heam current is based on the
expected maximum data rate allowed by the new
GEM detector DAQ (25 kHz), the expected trigger
rate for the calorimeter the maximum power
allowed on the Hall-B Faraday cup is no longer

a limit.

Time (days)
Setup checkout, calibration 3.5
Recoil detector 2
commissioning
Recoil detector calibration 3
with hydrogen gas
Statistics at 1.1 GeV 8
Energy change 0.5
Statistics at 2.2 GeV 16
Empty target runs 7
Total 40

D. Dutta
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The estimated total uncertainties on the extracted rpis 0.21%,

about factor of 2 better than the best extraction to date

Item Uncertainty Item Uncertainty

(%) (%)
Event selection 0.110 Statistical uncertainty 0.05
Radiative correction 0.090 Total correlated terms 0.13
HyCal response 0.043 GEM efficiency 0.03
Geometric acceptance 0.022 Inelastic e-d process 0.024
Beam energy 0.008 Efficiency of recoil detector 0.15
Total correlated terms 0.13 Total 0.21

Estimated from 10,000 Projected results

mock data sets smeared

by systematic and DRad proj.

statistical uncertainties. e
systematic uncertainty D 1973
= (Rsmear - Runsmear)/ Runsmear «--Dcl981 .

n-p scatt. 1990

—

t'-D.lf)'.'(I
L 2
e 1998 (Sick et al, 1998)
e o b o o e e 4 0 e e .
207 2.08 2.09 21 211 212 213 214 215

Deuteron charge radius r_[fm]
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We have addressed the issues raised by PAC-48 during our

previous submission of this proposal.

PR12-20-006

Scientific Rating: N/A

Recommendation: Deferrad

Title: Precision Deuteron Charge Radius Measurement with Elestic Electron-Deuteron Scattering

Spokespersons: A. Gasparian (contact), H. Gao, D. Dutta, L. W. Higinbetham, k. Pasyuk, N.
Liyanage

Issues: For ed scattering, radiative corrections are not known preciselv and are even more
difficult te calculate than for ep scattering. In addition, the PAC finds that the physics case
outlineé in the preposal Is not compelling encugh tc anticipate the resclution of these
issues. Nevertheless, valuable electron scattering data at low values of Q° would complement the
presently scarce data set on the deuteron.

he PAC sugpests (o carelally addrass the issues on radialive corrections (where (e proponents
currently rely on external supporl, which Is presencly [ocused on new calculations for che ep case)
and ta readdress the !ssue of deuteron breakup reactions. using more sophisticated model
descriptions

New radiative correction

Summary: The PAC welcomes the propased precision measurement of elastic edscattering down i

o very small values of Q and the extraction of the deuteron charge radius complementary o calc_ulatlons have been_
atomic spectroscopy measurements. [t also appreciates the further use of the innovative PRad 11~ carried out (See next S||de).
setup. However, the potential for interpretation for the measurement cannot be evaluated at this

time, as this depends on radiative cerrection calculations that are not expected in the near

future. Moreover, the projected precision I not high enough to have an impact on the present

inconsistencies of the radius extraction using electronic and muonic deuterium. ‘Therefore, the

propusal is delesed.
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New radiative corrections calculations for e-D scattering have

been completed

e-d Events with Hard Radiative Photon

C -
25— L
> ¢ .
o —
= 20—
L —
% : HyCal Fnergy resulution & = o2
e . - | nergy resoiubion E = VEOG_QVD
= B In peak region (4-c cut);
, w' - Roa = (Stors1fGasrn) — 1 = 2~4% .
uncertainty: T of '
1.1 GeV: 0.06%~0.09% S :
2.2 GeV: 0.10%~0.15% T r
T 5
O 5 \:\T 1 Fa— 1 -~ w—— fasep i i i 1 1 1 ..%-——
200 400 600 800 1000 1200

Scattered Electron Energy (MeV)

*The complete elastic e-d NLO cross section including the lowest order radiative corrections beyond the
ultrarelativistic limit has been calculated

*Based on the ansatz in the PRad RC calculation and used the Bardin-Shumeiko infrared divergence
cancellation method (1. Akushevich et al. Eur. Phys. J. A 51.1(2015), p. 1. DOI: 10.1140/epja/i2015-15001-8)

A generator is developed and the total correction to the elastic e-d Born cross section in the DRad kinematics
is calculated

*The uncertainty of the NLO calculation is estimated, taking into account higher-order contributions, calculation
assumptions, and differences between various recipes

*The paper is to be submitted to arXiv and European Physical Journal A Slide courtesy of J. Zhou
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Response to selected TAC questions
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Summary

We propose a new high-precision measurement of the deuteron charge
radius from e-D scattering.

The proposed experiment is based on the magnetic-spectrometer-free
calorimetric technique successfully demonstrated by the PRad experiment.

v It will use the same setup proposed for the PRad-ll experiment + a recoil detector.
v Cylindrical Si-strip-based recoil detector.

This will allow us:

v to reach the lowest Q2 (~2x10-4 GeV?2) in e-D scattering experiment.
v cover a large Q2 range (2x10-4 - 5x10-2 GeV?2) in a single stationary experimental setup.

v measure the deuteron charge radius with a precision of 0.21%

Requesting a total of 40 PAC days of beam time at 1.1 and 2.2 GeV beam
energy.

Acknowledgement: The PRad collaboration, specially students and post-docs.

This work was supported by NSF-MRI grant PHY-1229153 and US DOE
grant DE-FG02-07ER41528
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New radiative corrections calculations for e-D scattering have

been completed

3 2.2 GeV
_ i e-d scattering
o - -
£ i e-p scattering
-
3 =
3 =
_— Ratio= |
"W ] 1 | I [ | 1 ] .~|. I-lll | L llll lllllllll
10 b1 : L 2l | ; \ i | -'l P GI | "; _440 i é 3 3 é 3 ;
Electron scattering angle (deg) Elactran scatlering angle (deg)
0.12
_ : Ratio(e-d) - Ratio(e-
Lowest order radiative corrections 01— (e-d) (ep)
to e-D scattering beyond the = - Ratio(e-d)
ultra-relativistic limit is complete = 008~
(to be submitted soon) g -
J. Zhou, V. Khachatryan, H. Gao, A. llyichey, I. Akushevich, C. Peng, & 0.04 [
S. Srednyak and W. Xiong, “Lowest-order QED radiative corrections -
beyond the ultra-relativistic limit in unpolarized electron-deuteron [~
elastic scattering for the proposed DRad experiment at Jefferson 0.02(
Laboratory", to be submitted to arXiv and European Physical Journal A -

1 1 ST T (AT TNN TN TR (N T SN S NN TN SRNUN T S SR SO TN S W1
% 1 2 3 4 5 6 7
Electron scattering angle (deg)
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New radiative corrections calculations for e-D scattering have

been completed
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We have addressed the issues raised by PAC-45 during our

previous submission of this proposal.
PR12-17-009

Scientific Rating: N/A
Recommendation: Dererred

Title: Precision Deuteron Charge Radius Measuremen: with Elastic Electron-Deuteron Scatering
Spekesperson: A Gaspanian (contact person), H. Gao, ). Dutta, N. Liyanage, F. Pasyuk

Summary: While the present target accuracy of this proposal is large as compared to the effect, the PAC finds
the proposal potentially interesting and encourages the authors to scrutinize the final error in érg/ra once the PRad
analysis is finished. A possibility to substantially reduce the expermental error on ory/r; seems o be very
attractive but needs to be werked cut in detail. A method to calibrate the efficiency of the silicon strip detector
for low energy deuterons with energies as expected in tais proposal for the low q° iniervals needs to be thoroughly
worked oul. The systemalic error while extrapolating [rom measurements wilh prolons [rom elastic scallering or
from higher energy deuterons needs to be quantitatively understood.

The recoil detector will be calibrated using ep
elastic running on hydrogen and with the
5-15 MeV p/D beam from the Tandem
accelerator at TUNL.

Preparations are underway
for a test using a single
SVT module from Hall-B.
(delayed by COVID)
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Response to selected TAC questions

12. The proposed reccil detector is based on Si strips technologyv. At our
nowledge, there 1s no established practice of using such a detector a
k ledge, tk tablished pract £ g | letect t
20K (CERN demonstrated operations at 70K only). Such a low 1" can be
problematic not only for sensors but for services. cables. and everything

response: The electronics and cables are located outside the target cell
and are not expnsed to the 20K gas, and thus they will not be operating at
20K. Furthermore, if needec they will be wrapped in super-insulation or
heating tapes. The Si-sensors themselves will indeed be inside the target
cell, and thus at 20K. Althcugh Si-strip detectors have not heen studied
at 20K other solid state detectors such as SiPMs have been studied at
temperatures as low as 4K. They were found to perform well and have
lower noise and faster response times at these low temperatures.

Proc. 5th Int. Workshop New Photon-Detectors (PDI8)
JPS Conf. Proc. 27, 012005 (2019)
https://doi.org/10.7566/JPSCP.27.012005

Characterization of Cryogenic SiPM Down to 6.5 K

Ryolo Twar', Mikic Sakecrar, alilo Axvronnss 2, Teena Rrrosevie’, Malle
HILDERRANDT®, Klsus KIRCH, Andreas KNECHT®, Angels Papadd and Alexex
) '\!

STovKov
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Response to selected TAC questions

13. The recoil deuterons and protons, for calibration, at 1.1 GeV elastic scat-
tering will have <0.5 MeV and <1 MeV kinstic energy at 2 degrees. It
is not clear if detector will be sensitive to this low energy recoils. The Si
coating can affect the minimum p and d kinetic energy sensitivity. The
demanding spec (1-2 pm) should be demonstrated to be feasible by the
vendor and tested by proponents.

response: Micron Semiconductor provides standard Si-strip detectors
with passivation layers ranging in thickness from 0.5 pm to 0.01 pm and
they quote a proton detection threshold of 1 keV for the detectors with
a 0.01 pm thick passivation layer. They also provide a special material
(Neutron Transmutation Doped) that can achieve very high uniformity
(< 5% variation) for a passivation layer with a thickness of 0.03 gm. Our
simulations also indicate that the low energy recoil deuterons in the (.7-
7.5 degree angular range can be detected in the proposed Si-strip detector.

SILICON SENSOR OP'TIONS

Window Type

The zange of deac laver windows available with the in-house Varian 300 XP ion implanter are listed
below. Window types reler to the junction of a deviee, but can also be achieved on the ohmie side

upon regquest
: “~
WINDOW TYPF DFAD T AYFR MINIMUM ENERGY THRESHULD
Election Froten
9 100 nm 1K cV 20 KeV
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The projected trigger rates
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The projected cross sections and form factor
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The projected uncertainty for cross section and form factor

Event Selection 0.06 ~ 0.34 0.03 ~0.17
Radiative correction 0.23~0.24 0.11 ~0.12
GEM efficiency 0.01 ~0.22 negligible ~ 0.11
HyCal response negligible ~ 0.38 negligible ~ 0.19
Acceptance 0.03 ~0.04 0.01 ~0.02
Beam energy 0.06 ~0.23 0.03 ~0.11
Inelastic ed negligible ~ 0.2 negligible ~ 0.1
Efficiency of recoil 0.13 0.06
detector

Bias from the fitter - -

Total systematic 0.25 ~ 0.65 0.13 ~0.33
statistical 0.02 ~0.29 0.01 ~0.14
Total uncertainty 0.25 ~0.72 0.13 ~0.36
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Simulated ep elastic and eD quasi-elastic scattering
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Target gas profile along z
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uncertainty of the acceptance of the Recoil Detector

Since the Recoil Detector is inside the target cell, the acceptance of it is very sensitive to the scattering vertex. The gas
distribution will influence the scattering vertex. By varying the gas profile, we will study how the gas influence the cross

section and the radius.

Gas profile from PRad
Gas profile: 5.5cm uniform+long tail(from PRad)

Graph

1 H

E o N..: do_/dﬂluniform Nuniform

dQ yield = 10

do/dQlei Ntair

102

Relative uncertainty of cross section: 10

da _do -

Ao = dﬂu‘giform dQtail _ INtait—Nuniforml 10*’:;

o ] R

2 uniform Nuniform .

10’5_§

10*3—

|Runi orm — Rtaill : i
Relative uncertainty of the radius: AR = i E-a"'-'e"'_h"'_'2"'6"'2'""';"'&"'8'
Runiform cm
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Optimization for the Recoil Detector acceptance

* Gas will leak through the 4mm diam aperture the windowless target
* The distribution of the gas in the cell will be influenced
* Uncertainty on the acceptance of the recoil detector is introduced

5.5cm
A

Target Cell

Geometric acceptance of the Recoil Detector:

; Zace = —3.72cm to 2.47cm(1,1GeV)
f 1poem Zgee = —4.14cm to2.42cm(2.2GeV)

Recoiled proton K
or deuteron - L

E / 04

= If the position of the aperture is in the

e geometric coverage of the recoil detector, the
gas tail distribution will greatly influence the
acceptance and introduce an uncertainty.

Kapton foil

Recoil Detector
I
5.2cm

Design in the old proposal

Dec 06, 2019 9
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Optimization for the Recoil Detector acceptance

Gas profile: 5.5cm uniform+long tail(from PRad) Relative uncertainty of the radius
i3 AR . |Runiform — Reqill
E R Runiform
10’255
el When the target cell is 5.5 cm(old desgin):
AR
10 R —=0.19%
otE When the target cell is extended to 8cm:
10°f AR
e ==0.02%
8 6 4 -2 0 2 4 6 8 R

* Once the tail of the gas is out of the geometric coverage of the Recoil Detector,
the influence from tail of the gas is small.

Dec 06, 2019 10
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SVT design and performance from CLAS12 data
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SVT design and performance from CLAS12 data

a.m. background
hadronic background

103 v plons
protons
% 10* ——— kaons
2
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FIG. 324, The coegy deposited for pion, proton, acd xson (ravks, plus electromapne.ic and hacrome backgrounds; sipnal
K00 < p < 100D Me V.

Energy Deposited [MeV]

M.A. Antonioli ef al., "The CLAS12 Silicon Vertex Tracker", Nucl. Inst. and Meth. A 962, 163701
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SVT design and performance from CLAS12 data
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Figure 39: FSSR2 ENC vs. detector capacitance at different shaping
time settings

M_L.A. Antonioli et al., "The CLAS12 Silicon Vertex Tracker", Nucl. Inst. and Meth. A 962, 163701
42 /25
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SVT design and performance from CLAS12 data
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M_L.A. Antonioli et al., "The CLAS12 Silicon Vertex Tracker", Nucl. Inst. and Meth. A 962, 163701
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SVT design and performance from CLAS12 data

10
8
£
o — e H
al
B Entrics 10385337 S L
70 — Mean 1.630 3|
G RMS 1.634 ol : : .
i 0.0 0.2 0.1 0.6 0.2 1.0
¢ ’
24f
w 3 Fignre 9 Charge sharing m the SVT sensar: j-fanction for the two-
> s strip clhosters.
i The charge sharing among two adjacent strips was stud-
1f 1cd using the g-lunction (also relemed as response [unc-
0 0 2 4 6 & 10 12 14 16 18 tion), defined for the 2-strip clusters as the ratio of

the pulse height of the left strip to the pulse height of
the cluster, independently of which strip has the higher
charge (seed strip). Figure|90|shows the n-function oh
taincd from the measurement of on-track clusters frem
the cosmic muons. The distribution was obtained with
out applying cuts on the sclected tracks. The granular-

Strip Multiplicity

Figure 91: Strip multiplicity of the clusters in the cosmic run. The
mean clister size is in apgraement with rhe simulated dara.

M_L.A. Antonioli et al., "The CLAS12 Silicon Vertex Tracker", Nucl. Inst. and Meth. A 962, 163701
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Expected timing resolution with HyCal using JLab FADCs

Results from tests of Hall-D FCAL (lead-glass calorimeter) using
JLab 250 MHz FADCs

NIMA 726, 60 (2013)
I ! | =
MocduesAana 4 i
80— Modulez 8 and2 | 2 3
Modules 8 and 9 : i
Moallez 8 and 3 N é ?-h y )
20— - —8~ la -
8 : RS ———
200 . : ——
0 Sy 107 10°
10 5 10 signal size (ADC counts)

Figure 11: Final timing resolution for one module. The colid
Figure 9 Distriburion af Az, ; for a single module and four of

its adjucent modules when all modules had 1006 < 8, < 2000

ADC couns, together with Gaussian (it curves.

Conclusion: timing resolution of 0.4 ns or better achievable for a single module with
signal larger than 100 mV.
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Detector efficiency and calibration of recoil detector

1 . 1 . ~ g e ’:f:d \ ‘ T4 10 10 '\‘_-(:_b'_ / ‘_"d \
The ratio of the geometric acceprances (fgmm /€geom ) and the detecrion efficiencies ( Cqer /€ det)

Obtained from ep scattering runs by comparing the cross section from electrons only
to cross sections from protons only & PRad data. This will give us proton detection efficiencies.

The deuteron detection efficiencies will be obtained from the ratio of deuteron to proton detection
efficiencies measured at TUNL using the 5-15 MeV p/D beams from the Tandem accelerator.

&) ocm ]

Preparations for validation of this

Faraday

Cup procedure is currently underway at
Beam | " '1: 4 Au o I TUNL (Duke University).
N | @iﬁﬁ
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e-D radiative corrections

virtual-photon correction and the Bremsstrahlung correction in the soft-photon
approximation.

— 1.1 GeV
— 2.2 GeV

69 in %

_10 -- T T Y T T Y T ™ T Y T T T T ™
104 103 102
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The fixed rational (1,3) function used for robust fits.

i ! 2 —_ . i i . ) ¢ !
J Fixexd_Rational f_l..ﬁ)(.Q :' = Fixed Rational (17 3) =

| I 4 a1 Q*
P 5,07 — (0.0416 £ 0.0152)07 + (0.00474 £ 0.000892)Q°

Rp= "V 6*(b - a)
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Estimation of systematic uncertainties

A Monle-Carlo technique 18 used 10 evaluate the effects of these systematic uncertainties on the radius
result. First of all, 10,000 data sets are generated based on the projected DRad cross section results. Then
the data points arc smeared by the systematic uncertainty sources at once, and a set of G data points
1s extracted from each set of the smeared cross section data. Then the extracted G"("_; data sets are fitted
separatelv and a 2 value is extracted from each of these data sets. Lastly. the RMSE value (Eq. 29) of
these extracled Ry values was assigned as the systematie uncertainly, where the bias in this calculation
1§ the difference between the mean value .. obtained from these extracted radius results. and the mean
value B, 100 Oblained from the extracted radins results including only statistical uncertainties. The relative
systematic uncertainty on the radius is |R.,c — Rocoreai [/ Reciteal.

A.Generalor  There are (wo generalors for DRad for generating G values al given Q?. They are two
paramelerizations based on the available experimental data.  Abbott1 and Abbott2

To mimic the bin-by-bin statistical fluctuation of the data, the (¢: pseudo-data statistical uncertainty
is smeared by adding the (3¢ in each (?* bin with a random number following the Gaussian distribution,
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