The PRad-ll Experiment
at Jefferson Lab

HUONG NGUYEN

UNIVERSITY OF VIRGINIA & JEFFERSO | LA
; — i

OR THE PRAIL
‘ e

20 TO R 202 ‘ : ’ —

INTERNATIONAL CONFERENCE ON MESON-NUCLEON PHYSICS AND THE STRUCTURE OF THE NUCLEON, NEW YORK, OCTOBER 2026

LLABORATION




What Is the Size of a Proton?

RMS Charge Radius? Energy halo beyond charge radius?

4

Dense energy core?

Lattice QCD predicts small
gluon mass radius
at large radii

Lattice predicts scalar gluon fields

PRad/PRad-Il: Proton charge Radius

® The proton is an extended charged object with a /

well-defined mean-squared charge radius:
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Methods to Measure Proton Charge Radius r

e Hydrogen spectroscopy (atomic physics) ¢ Electron

o Ordinary-hydrogen

m Determines r, indirectly through its influence

on electron energy levels

Muonic
o Muonic-hydrogen Hydrogen Hydrogen
m Smaller orbital radius makes muon energy
levels more sensitive to proton's size e ,u (E, k) e, 1 (E' k")
e Lepton-proton elastic scattering (nuclear physics)
o e-p elastic scattering (PRad/PRad-Il) Y
o u-p elastic scattering (MUSE, AMBER) proton (p) r;‘:?gp’“g:;
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Emergence of Proton Charge Radius Puzzle

e Before 2010: Electron-based |
_ up 2013 4 — e electron avg.
measurements yielded: r, = 0.88 fm
: —e tt. JLab
e In 2010: Muonic-hydrogen seatt e
o up 2010 |- *— scatt. Mainz
spectroscopy found a significantly
= H spectroscopy
smaller value: rpz 0.84fm 083 084 o085 o086 o087 088 089 09

Proton charge radius rp [fm]

e The difference was much larger than experimental uncertainties:

o Gave rise to the Proton Charge Radius Puzzle
o Triggered an international program to determine whether the discrepancy came from:

m Experimental error, theory corrections, analysis methods, or possible new physics?
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PRad and PRad-Il at Jefferson Lab

Precision determination of r using e-p elastic scattering

Collimator - PRad |l Veto
Box m 4 | Target || Scintillator Yactum GEM HyCal

Chamber Detec‘:ths
\~ ,” — )
- l lectron bea@

NS

\

PLLN

® Optimize the spectrometer, target, beamline, beam energy and

® Clean pointlike probe of

proton structure
analysis to minimize measurement uncertainties

e PRadranin 2016
e PRad-ll: An upgrade of Prad, Ran in 2026

e Well-known electron

vertex from QED
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PRad and PRad-Il: Measure r with ep Elastic Scattering

e The elastic ep cross section in one-photon exchange approximation:

i - (d—") Gp(Q%) + 7GH(Q)
Mott

dQ — \dQ (14 1)
o With: T = Q—2 €= L ‘
4M2’ 1+ 2(1+ 7)tan?(6/2)
o (do/dQ) . s cross section for scattering from a pointlike relativistic spin-% charge.

Mott

o GgandG,, are electric and magnetic form factors of proton

do /dS)

e At extremely low Q7 the cross section is dominated by G_:  G£(Q%) ~ \/( /D) easurea
(da/dQ)Mott

. 2 _ . Q2 Q4 4
e Taylor expansion of G_ near Q"= 0: GL(Q*) =1— ?( r?) + m(r )+ ...
: : 2 2 2 dGg(Q?)
e Extracting proton charge radius from slope of G_(Q*)atQ*—0: (r")=— —07 |,
Q<=0
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Experimental Approach for Prad and PRad-II
HyCal + GEM
Nonmagnetic Large Angular Acceptance Spectrometer s

e Forward large-acceptance PbWO, calorimeter & GEM tracking system:
O _ 2.6%

\/E

o Energy resolution of calorimeter:

o Spatial resolution of tracker: 70 um

® Allows access to extreme forward-angles

e Allows large angular and momentum coverage in a

single experimental setting:

o Prad-l: 6.=0.7°~7.0° Q?=2x10"*- 6x 107 (GeV/c)* V::

o Prad-ll: 8_=0.5°-4.0°; Q*=4x107-6x10?(GeV/c) o0
® Provides azimuthal symmetry acceptance, enabling: “oF -

o Simultaneous detection of ee — ee Mgller events j:::

o Robust calibration of elastic (e-p) cross sections to control 2°°E_ i

oO

systematic uncertainties
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Experimental Approach for PRad and PRad-ll

Suppress backgrounds and minimize multiple scattering

\ PRad Veto Vacuum GEM HyCal
; Scintillator Chamber Deteg@rs

e Windowless Hydrogen Gas Flow Target Collmator | | Harp

Box

o Windowless: beam enters and exits via 2

mm orifices in kapton foils
o 7.5cmdiam. x4 cm, 2.6 x 103! atom/cm?
o Suppresses background and controls

systematics at forward angles & low Q2

e Vacuum chamber

GasIN, 25K

o 5mlongx 1.7 mdiameter

O Located between target and trackers e-beam

—- Gas OUT Gas OUT

o Maintained at pressure < 0.5 mTorr

o Minimize experimental background

HUONG NGUYEN | 20 OCTOBER 2026 THE PRad-Il Experiment at Jefferson Lab




PRad Result in 2019

® PRad isin agreement Pohl 2010 (uH spect.) fo! —— Bernauer 2010 (ep scatt.)
with the smaller r.p Antognini 2013 (1H spect.) » —i Zhan 2011 (ep scatt.)
values from pH Beyer 2017 (H spect)  +——oe — I CODATA-2010 (H spect.)
spectroscopy: CODATA-2018 HH —y— CODATA-2010
r =0.831F0.0127 fm Bezginov 2019 (H spect.) zs;e 4 —e 1 Fleurbaey 2018 (H spect.)

;iong etal, Nature575, [ *] TR D) & e .
147-150 (2019) Grinin 2020 (H spect.) : —8—i1S-3S : Mih°""&‘,’,i‘;§2t1t'j’)

Brandt 2021 (H spect.) 'is;&
078 08 082 084 086 088 08 092
Proton charge radius r [fm]
+ CODATA world avg. = ep scattering

 H spectroscopy uH spectroscopy

THE PRad-Il Experiment at Jefferson Lab
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PRad vs Mainz Al: Form Factor Discrepancy

e The G_ values extracted from PRad Lo2e 1
Gryi=
differ systematically from those 1.01F ’ 1+ %; 2
reported by Mainz A1 by more than il | .} ? J[ }
1% in the higher-Q? overlap region 5 i T .f?* , hé{ w} ¢ } I
0.99 CTi il .'i i $
® Possible causes: o F I %é&fm'f“ Hg ; I
2 0.98F I { P i
o Radiative corrections? < C
Unk . . 0.97F
o Unknown systematic E g
. - PRad —+— Mainz Jet, it 1
uncertainties: C . Mainz 2010
0.95— , i i
e PRad-Il with higher precision will -+ Mainz ISR —%— Mainz.Jol; i 2
address these differences 094~ ~601T 602 005 004 005 006 007 008

Q? [GeV?
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The Main Objectives of PRad-ll

® Remeasure the proton electric form factor with high accuracy at very low Q? range
® Investigate discrepancies between PRad and other modern (ep)-scattering experiments

® Reach extreme forward angles and unprecedentedly low momentum transfer:

o 6_~0.5%; Q*~4x10°(GeV/c)*

e Extract the proton charge radius with three times higher precision than achieved by PRad
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Experiment Setup to Achieve PRad-Il’s Goals
Improvements with Respect to PRad

e Add asecond plane of GEM tracking e Upgrade the DAQ and readout systems

detectors:
o Enable data taking at rates 5 times

o Improve tracking capability, spatial higher than PRad

resolution & background rejection
o Support more sophisticated

e Add new scintillating detectors triggering algorithms

O [ :
Improve separation of Mgller electrons e Improve vacuum system and beamline
from (ep) electrons near the lowest Q2

(@2~ 10% (GeV/c)?) o Suppress beamline backgrounds

.. ) ) ® isti
® Improve radiative correction calculations Collect more statistics

THE PRad-Il Experiment at Jefferson Lab
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The Upgraded PRad-Il Spectrometer
Adding a Second GEM Plane to the Tracking System

Collimator
Box

Chamber Detectors

PRad Veto
H [ Target || Scintillator Yagium GEM HyCal

® Capability of tracking system with TWO GEM planes:

©)

O
O
O

Provides better track reconstruction and spectrometer spatial resolution

Improves precision on GEM detection efficiency

Maintains low material budget: minimizes multiple scattering

Large active area (105 x 125 cm?) with built-in hole:

Provide fully azimuthal coverage for forward angles 6 =[0.47° - 3.78°]
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A built-in hole of 4 cm
radius at the center of
GEM layers for beam

passage




The Upgraded PRad-Il Spectrometer
Adding a Second GEM plane to the Tracking System

CBig::imator il ?athgt \Sliitr?tillator \éi?;tlr ...................
P L \
» ' electron beg / =
‘,' \ -
\ RIS
E —— Z from gem + gem
® Tracking system with TWO GEM planes enables: o —— Ztom gem+ hycal
o Improved vertex reconstruction 10'k
o Suppression of accidental backgrounds and non-target events -l
o Increase Q? resolution, reduce systematic uncertainties

10* e-p event vertex

ol b b b b by Lo b a Lava s
-5000 -4000 -3000 -2000 -1000 O 1000 2000 3000 4000 5000
Target Z [mm]
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The Upgraded PRad-Il Spectrometer
Veto Scintillators to separate Moller (ee) & Mott (ep) events

—100 -3
< 1000f . 1500, : : ‘
g E e Elastic ep: =30,
=, 900E- ... ---- Moller ee: +30; 125
w wi T T T 1000+ - :
800:— i SRR B : :
700 1 5. | L, .‘. "'5‘";; .. ......................... =12
= 500/ = g = K ;
6001 L -
- 3 :
5001 E o 1 B8
- 2 :
400} e f o il
E _s00+ '.: | eSe—— '{ 3
soof EECCOMNNL.  W  eee T
200;_ ; 3 -1000"
100F- A e o
- o . N T ' <. 5t Ca ool dale s Aol alesalaaal,oalaaal,,, 0
j| =R FEEES P ST PR S P S e Lo 1 ~1509s56 — A~1000 =500 0 500 1000 1500 -60 /40 -20 0 20 40 60 80 100
0 05 1 15 2 25 3 B35 4 45 5 / x (mm) X
0 [deg]

HyCal Acceptance Projected
to the Scintillator Plane Veto Scintillators

e Identify Moller events:

o Elastic e-p and Mgller events overlap in 6 = (0.5°-0.8°) range at the lowest energy 0.7 GeV
o HyCal limit acceptance cannot detect Mgller electron partner in this critical range

O Veto Scintillators detect Mgller electron partner, provide clean separation of Moller and elastic e-p events

HUONG NGUYEN | 20 OCTOBER 2026 THE PRad-Il Experiment at Jefferson Lab




PbWO4 Forward Calorimeter for PRad-I|

[ PbWO, 031~ PbWO,
2'5:_ . f(E)=p°@\%®% E E ; HE)=p, + 2
- *‘*‘ p =1.13+0.03 v 0.25— * 0 VE
B - 0 % a=0.28+0.004 + 0.01 syst.
S L e p,=1.73£0.09 _é E *‘!"!: b, <10°
w - . p,=1.77+0.09 S o2 .
6 L *‘4""!':#__. g ; .."‘"v-,_
S ol e 2 s
° i e . 8 05— e
+ & B b
i - w"’"ﬁu;_.,,__
-4
: i | ! ! | Ll o4l | | | ! Lo
0 1 2 3 4 5 6 0 1 2 3 4 5 6
E (GeV) E (GeV)
e Made of (34 x 34) PbWO4 crystal modules, each with 2 x 2 x 18 cm?3;
e Total detection area: 68 x 68 cm?
g e Fully azimuthal coverage for forward angles 6 = [0.47° - 3.78°]
141 H . -— 0, . -—
Four crystals are removed from e Energy & position resolution: oE/E = 2.6%/\E ; o, = 2.5mm/~E
the center of calorimeter for e Readout by Flash ADC250 with sub-nanosecond timing resolution
beam passage o Allows sophisticated triggering algorithms with cluster finding

HUONG NGUYEN | 20 OCTOBER 2026 THE PRad-Il Experiment at Jefferson Lab




Simulated PRad-Il Uncertainties on GE

PRad-Il Electron Beam Parameters [w———

0.975 e, i 21 GeV
: 3.5GeV
e Required beam parameters for PRad-ll: e "
(‘510.925 o
Energy | current | polarization | size | position stability | beam halo 020
(GeV) | (nA) (%) (mm) (mm) .
0.850
0.7 20 Non <0.1 o 0.1 ~ 10_7 QOBIAGE] et b o t]
2.2 350 Non <0.1 <0.1 ~ 1077 o0
35 | 700 Non |<0.1 <0.1 ~ 1077
—_— 0.000

e Three energies were chosen:
o The 0.7 GeV beam is critical to reach the lowest Q?
o The 2.2 & 3.5 GeV beams provide constraint on GE(QZ) fit
and systematic cross-checks

o Practical CEBAF constraints

e A typical CEBAF beam profile: during previous PRad experiment

showing a beam size of Gx =0.01 mm & Uy =0.02 mm Beam tuning in PRad-Il Control Room, April 2026
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PRad-Il Run Status

e PRad-ll commissioning completed in 27" April 2026

o Used a 2.1 GeV electron beam

\

o Monitoring of all detectors
o  All subsystems deployed
e PRad-Il physics data taking successfully completed!
o Production run period: 27" April 2026 — 25 June 2026

o High-quality data sets collected at three beam energies and

corresponding beam currents:

m 0.7 GeV at 50 nA: HyCal & GEM Event Monitoring

m 2.2GeVat350nA
m 3.5GeVat 700 nA
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PRad-Il Significantly Surpassed PRad

In Many Performance Parameters

Vacuum Chamber 0.012 mTorr 0.5 mTorr
H, cell /chamber pressure 1030 / 4.3 mTorr 470/ 2.7 mTorr
H, gas flow 1300 sccm 600 sccm
H, gas density 5.5 x 10'® H/cm? 2 x10'® H/cm?
Beam current up to 700 nA 50 nA

Luminosity

2.6 x 10°%' /cm2

6 x 10%° /cm2

Beam background

~ 2% of ep events

~10 - 30% of ep events

DAQ rates

20-25 kHz

4-5 kHz

GEMs

2-planes with tracking

1-plane, no tracking

Veto counter (Q’ range)

~10° GeV?

~ 10 GeV?

HyCal

only PbWO, + FADC readout

PbWO, + Pb-glass
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PRad-Il: Ongoing Analysis

e Flow chart for the data analysis e Graduate students:
—[ Veto counter | o Yining Liu (DUkG)
Evert Reconstucion & °° : o Buddhiman Tamang, Erik Wrightson (MSU)
l — o Yuan Li, Mingyu Li (Shandong Universit
Blndlng —J Ca"bration |< Energy calibration for HyCal I . ) gy ( g y)
l |Position calibrations for GEMs and HyCaII O N Ithya Ku Ia ratne (UVA)
Anal Ir;isl,ngtart Event Selection |« e Postdocs:
: =

‘L p— Beambazﬁ;?;grgzr:zifionusing O Aruni NadeEShani (MSU)

Background subtraction [« .
l o Zhiwan Xu (Argonne)

: Detectorefﬁ;::]eijnz?(rﬁirar:g:onsfordata O Yi Yu (Duke)
e-p/e—e ratlo ‘—' | Acceptance correction (simulation) |
| o Andrew Schick (JLab)
r | Radiative correction (simulation) I . N
Elastic e-p cross section | A S e Former PRad Graduate students leading PRad-Il analysis
I Bin center correction (simulation) |

| o Xinzhan Bai_(Staff Scientist Staff, JLab)

Prot lectric f fact . .

e T me o Chao Peng (Staff Scientist, Argonne)

o Weizhi Xiong (Prof. of Physics, Shandong University)

Proton charge radius
extraction
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PRad-Il: Background Subtraction

Taall / i | G i (©)
(Preliminary Data Analysis) g °
Beamline sl Beamline o
1 ressure:
. . . . ~1030 mT
e Data with different target configuration was | J 1 J £ ~1osomor
= 0) iy o D ~4.3 mTorr
taken for background subtraction and ”’j_—l Hzﬁ | ) <003 mor
Beamline Beamline —
. . 1
systematic uncertainty study | 1 1 [
e Target density profile was simulated °  Beamline Background (e-p @ 3.5GeV) Beamline Background (e-e Moller @ 3.5GeV)
COMSOL finite element analysis 141 # totalbackground .. 1.4F t total background |
C ¢ residual gas ] C ¢ residual gas
12 t  from the beamline | hat 4 from the beamline |
e Preliminary results: e e v target cell - ~ 5 target cel .
E T Tk ey - T I
O e-p background rate < 1.2 % Z"“ wﬁﬂ@ 2
\go.s— Al \g’o.s:, oo e
at all angles. 2T i ZF [
0.4F 04
O e-e background rate ~ 0.6% : ] ool
at all angles. e ki - . O_i—@—ﬁ—ﬂﬂﬂﬂi
9 8% G U701 - 2 S 05 06 07 08 09 1 2

Scattering Angle [deg] Scattering Angle [deg]
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PRad-Il: Reconstructed Energy vs. Scattering Angle

(Preliminary Data Analysis)

Reconstructed Energy in angles [1.057-1.105 deg] Energy vs Theta
0 4000 r = o h2_energy_theta
*@ :I | P O | I | N T TR | I L | | L | | I B A | | L L I I ‘I UL I I R | | L I: > = Wl = - = — - - _= .| Entries 268820214
% % - = g T e S-- 7 7~ |Meanx 1.117
O B reconstructed = ; =5 B —:_—;:E_ e = _: | Meany 1274
80 = = g PTIelRINaAry _-|stbevx 07889
70E- fitting (E,..,, = 2236.41 MeV, = 5 EEo <~z ~ [ SidDevy 7815
= resolution = 2.95% / {E ,peredGeV] ) 1 e = T
60 x = e
C e Enpected = 2236.50 MeV - -
S0F- 3 :
40[- = i
30F- = 1
20F- 5 i < -
= E | = E 500|-
S T R e AT TR T
1%00 1700 1800 1900 2000 2100 2200 2300 2400 2500 0 e e i s e b s B o e s e 1
recon [M€V] 0.5 1 1.5 2 25 3 35 4 4.5

Theta (deg)
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GEM Tracking Performance and Vertex Reconstruction
(Preliminary Data Analysis)

GEM Efficiency vs. Scattering angle Reconstructed Vertex Z of e-p Events at 2.2 GeV
x10°
§ F € 120 — All,c = 3232 mm
L2 I 3 &
= 098 &) 2
= - —— 0.7 deg, 6 = 429.4 mm
0.96 15y, . 100
= 1 = -
0.94, +&+*f_;g= _._:g:—'—_.,_ - 1 t g —— 1.0 deg, 6 = 256.4 mm
e e -
002 *+X :i-k :—;—-_;_ . .= 80| — 25deg,c=106.3mm
0.9 ;— , et a5 e
- I —
088/ s 60
0.86/— =g L \\
0.84— —4— dett 3
- —— det2 40 3
0.82— —— det3 3
: 1| | I 1 1 1 ] 11 1 1 | I I | | I 1 1 1 | 11 1 | ] I I | | 11 - J!.\'l
08— 15 2 25 3 35 4 20
e GEM efficiency: 92% - 94% oL JJI , i | 5

. ~4000 ~2000 2000 4000 6000
e Stable performance across PRad-Il beam energies Z,ertex (MM)
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PRad-Il: Preliminary Analysis Result on ep Cross Section

e-p Cross Section

= A S A : : : I
) - —- (0.7 GeV Data == Generator |
10%
= —8-22GeVData - Generator |
H —— 3.5GeV Data - Generator |
wn 103 = : T i
— . ol .
> 102 & oaigit Mﬁ‘.‘. ...... : .
o = 2 b, :
=y i, 3 i .
£ i : s, . | 2 hrs of data
2 oL Pt i at each ener
< E W, : I gy
B 22Gev Mg M 350V
1L - ! b,
= W - t.‘“ |
E B = 'S
E PRad range a2
107"
b_ i
£ 4 Full data set
2 0. SAARF.E,
S 0. .
@ 0.005
4e-05 0.0001 0.0002 0.001 0.002 0.01 0.02

Q? (GeV?)
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The PRad-Il Experiment in Hall B at JLab
An upgrade of the PRad Experiment

Pohl 2010 (uH spect.) ol
——— Bernauer 2010 (ep scatt.)
—f Zhan 2011 (ep scatt.)
Antognini 2013 (uH spect.)
—— CODATA-2014
Beyer 2017 (H spect.) —_—0——
@ i Fleurbaey 2018 (H spect.)
CODATA-2018 -
Bezginov 2019 (H spect.) +——e—+
Xiong 2019 (ep scatt.) "
Grinin 2020 (H spect.) —e—i Mihovilovic 2021
B 4 (ep scatt.)
Brandt 2022 (H spect.) —0—
MUSE proj. (ep and pp scatt.) . —
[[PRad-Il proj. (ep scatt.) ———
AMBER proj. (up scatt.) L —
ULQ2 proj. (ep scatt.) |
L L 1 1 1 1 L 1 L I L | L I 1 L I 1 L 1 I L L L l 1 1

0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92
Proton charge radius r'; [fm]

PRad-Il Projected uncertainty: (Sr"‘ 0.0046 fm
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Summary and Outlook

e PRad-ll achieved all its statistical goals
® Analysis is moving fast and steady

o Finish detectors calibration by the end of 2026

o Optimizing tracking reconstruction with GEMs

o Verifying blind analysis procedure with PRad data
e Plan on extraction of Proton Charge Radius

o Having preliminary result in Fall 2027

o Final publication in Spring 2028 s e
PRad-Il End-Run Collaboration Meeting
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Thank you for your attention!

CONTACT: HTN3R@VIRGINIA.EDU
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The Upgraded PRad-Il Spectrometer
GEM Tracking System

Collimator PRad Veto
H | Target || Scintillator Yaaum GE . HyCal

e Two layers of Gas Electron Multiplier (GEM) detectors for tracking:

O

©)

O

Low material budget = Minimizes multiple scattering
High detection efficiency (> 95%) = Reduces statistical uncertainty
Good position resolution (¢ = 7 um) = Improves resolution of the setup

Large active area (105 x 125 cm?) with built-in hole = Provide fully azimuthal
coverage for forward angles 6 = [0.47° - 3.78°]
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A built-in hole of 4 cm
radius at the center of
GEM layers for beam

passage




Strategy for the NNLO Radiative Correction
(Preliminary Study)

Yi Yu (DUKE)
DNP Meeting, 11 - 14 October 2026)

McMule GEANT4

e Simulation, analysis and cross section calculation

‘Generate events] - Pass event —(-\
f F| toGEANTA ! © McMule calls GEANT4 and feeds an event
Reconstruction into GEANT4
LFill,,fhistogr‘am %“__Rewm ee—-é © GEANT4 returns reconstructed kinematics
‘ ~ ~ e Form super ratio and extract form factor
e . \ [Experimemag o Form super ratio with yields from data and
theG(0") g, ' P spleeratio cross section from simulation

\ / o Born level cross section & extract form factor

o Fit form factor with rational (1, 1), update the

v
\m rational (1, 1) used form factor input to McMule
K \f(Qz)_l"'plQ

Super ratio and G,(Q?) extraction 1+ py02 o Repeat until extracted radius converges
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Mgller and Elastic ep Event Separation ~ suddhiman famang msu)

DNP Meeting, 11 - 14 October 2026)

Data: Energy Distribution before and after veto

Simulation: Energy Distribution Data: Angular Distribution before and after veto
‘g C All events o ik 5 >_<103
2 35000 —— Vetg Tagged 2 C ‘:&" -
8 E Data = Residual % E Simulation 8 180; All events
— = . Data
= - e (0P E
25000— 40— 120 o NOSU—
- - 100}
20000:— 30: 80:_
150001 - 6o
- 20 a0F
10000~ g 20F-
SOOOf— 10F- G0 o 08 @1 T2
. E 6 [deg]
250 o T 800 800620 640 660 680 700 720 740 "/tlsté : ‘751301; éoo Simulation: Angular Distribution
Energy [MeV] nergy [MeV] o 1 ~
£ . Simulatio ——
e Beam energy = 728.9 MeV; scattering angles 0.4°-1.0° o
e Veto-tagged events: Mgller candidates; surviving events: ep candidates 0
e Yield ratios agree closely: surviving/veto-tagged = 0.97 in data; ep/ee = “t
. s . "’°:' eplee =0.981 (overlap 0=0.4-1.0 dgg)
0.98 in simulation (event generator only). " eolpetors
T S VR TR i t;[d;s;iz
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Prad-ll Projected Systematic Uncertainties

| Source | PRadAr,(fm) | PRad-ll Ar, (fm)
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Stat. uncertainty
Event selection
Radiative correction
Detector efficiency
Beam background
HyCal response
Acceptance
Beam energy
Inelastic ep
Gy, model
Total syst.
Total uncertainty

THE PRad-Il Experiment at Jefferson Lab

0.0075
0.0070
0.0069
0.0042
0.0039
0.0029
0.0026
0.0022
0.0009
0.0006
0.0115
0.0137

0.0015
0.0030
0.0004
0.0025
0.0014
0.0001
0.0001
0.0001
0.0001
0.0005

0.0043
0.0046




