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Way to Understand Proton’s Structure

Generalized Parton Distribution

Quark Polarization

GPDs encode the correlated momentum and .
spatial structure of quarks and gluons inside

Unpolarized

Longitudinally Polarized
(L)

Transversely Polarized

(T)

hadrons. Each term is a complex function. ol ( 2H, + E,
Measurable variables are Compton Form Factor: | & |t H E
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—_— ) { Z T ) E HTﬂHT
CFF GPD

With polarized electron beam and proton, we can
have access to CFFs’ Im(#") and Re(#).
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Way to Understand Proton’s Structure

Gravitational Form Factor

 Mass/energy distribution
* Angular momentum distribution
» Shear forces and pressure distributions
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Physics Processes

Deeply Virtual Compton Scattering €¢p — €py
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S and T are functions of CFF
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DVCS at Multiple Beam Energies

Deeply Virtual Compton Scattering €p — €py
Lo = a3XB ‘97‘2 T |2 g G 2 o |? 2
deszd\t\d¢d¢S_ 167[2Q4\/1+€2 | T " = ‘JBH‘FJDVCS‘ = ‘JBH‘

Different beam energies give different y at same (x5, Q2, 1) point

J ~1/y* Separate DVCS and interface term!
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DVCS measurements in Hall A/JLab
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DVCS at Multiple Beam Energies

Deeply Virtual Compton Scattering €p — €py
Different beam energies give different y at same (xj, Q2, 1) point
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Run Group K
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Analysis Method

Exclusivity Cut

PID Kinematics QADB Cut
Cut Correction

Raw
Yield

Lepton Radiation DVPI0 Background
Propagator Cut Correction  Subtraction Normalization

Cross

Section

Bin Centering Background Merging Acceptance Correction
Correction Efficiency Correction
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Fiducial Cut
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Fiducial Cut
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Fiducial Cut
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remove bad strips

Yijie

500

electron EC-in sector 1 (no fiducial cuts)

400
350
300

50 -

[\

200

150

100

50

450 —

H\I‘\IH‘\IH

OO

500

400
350
300
250 -
200
150
100

50

450 —

HH‘HH’HH

OO

Wang

450 500
w [cm]

v [cm]

v [cm]

500

450

400

350

300

250

200

150

100

50

500

450

400

350

300

250

200

150

100

50

(@)

electron EC-in sector 2 (no fiducial cuts)

L] CT
150 200

o
(&)
o

250 300

electron EC-in sector 5 (no fiducial cuts)

HI\‘HI\‘IHI

o
(6)
o

CLAS12 Collaboration Meeting

450 500
w [cm]

v [cm]

v [cm]

500

450

400

350

300

250 -

200

150

100

50

500

450

400

350

300 -

250

200

150

100

50

electron EC-in sector 3 (no fiducial cuts)

102

10

t\:‘.\\\\‘\\\\
400 450 500
w [cm]

o
(&)
o

200 250

electron EC-in sector 6 (no fiducial cuts)

102

10

o
(8)
o

400 450 500

w [cm]




Fiducial Cut
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Fiducial Cut

Proton
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remove support bands
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Fiducial Cut
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Energy Loss Correction
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Energy Loss Correction
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Energy Loss Correction

Proton After Correction
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Exclusivity Cut
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Exclusivity Cut
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Exclusivity Cut

Exclusivity Cut 1
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Exclusivity Cut 2
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Exclusivity Cut

Exclusivity Cut 3
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DV7'P Background Exclusivity Cut

Exclusivity Cut

Variable Definition
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MMgpﬁo Missing mass squared of the epn® system
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Data Binning
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DV7'P Background Subtraction
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1.0 N
: (z) = 0.237, (Q?) = 1.36 GeV?, (|t|) = 0.45GeV? |
o  RGK 7.5 GeV
0.8 _
§ 0.6 |
&b - 0
Cio.ll— o) _
k | %
T % % % i by
i ¢ {
00 L E I B
0 90 180 270 360
¢ [deg]
1.0 N
x (wp) = 0.186, (Q%) = 1.12GeV?, ([t]) = 0.45GeV? _
o RGK 7.5 GeV
0.8F _
§ 0.6 |
bb L
e
= 0.4 i
= I % % %
0.2 % { % % % _
g ! b,
l ] 1 I | . . | . . o e
005 90 180 270 360
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BSA Extraction
RGK Fall18 Pass2 7.5GeV BSA

ALU,DVCS o Ano ' ALU,DV]Z'OP

COIT —
LUDVCS
1 — A
g = 0.14, Q* = 1.12GeV? t = 0.20 GeV? rp = 0.16, Q% = 1.38 GeV?, ¢t = 0.30 GeV?
Beam Accumulated 04- T T T | 1 T | | T T T | T T | 1 04_ T T T | T T T | T T T | T T l_
Energy/GeV | Charge/mC —— KM15 ' —— KM15
- o - - -
6.4 ~90 o 1 D D
09k ; /\6\0 + ata i 0.9k + ata
6.5_ I ;10 _/ o ] .
e s < y \i\\ < 0.
’ 7.5 ~10 | g B 0.0 e 41 &

q .
..-----"‘ - \O\M_

8.5 ~80 ?
0.2 ? -

1 1 1 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1
0 90 180 270 36 0 90 180 270 360
¢ |deg] ¢ |deg]
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RGK Fall18 Pass2 7.5GeV Integrated Charge

Integrated Charge

Trigger Config: oo,

. 0.16—.. » m.
1) electron in ECAL rgk_v2.cnf
or electron in FT & 1 forward hadron 0141

0.12 |-

2) electron in ECAL, pre-scale by 2
or electron in FT & 1 forward hadron

Events/nC
o

0.08 - odoe Y0 afsvremeo M
Thus, the effective charge is: 0.06_ rgk_v4.cnt
1 0.04 [
O=0,+0,," 5 = = 9.14996 mC. -
Not 13 69730 mC | 5680 5700 5720 5740 5760Run5n73rc:] ber5800 5820 5840 5860 5880
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Acceptance Correction

A _ Nrec(‘xB’ Q29 t? ¢)
o Ngen(xBa QZ, 2 ¢)

10 N || || || I || || || I || || || I || || || i 100_ || || || I || || || I || || || I || || || i 100_ || || || I || || || I || || || I || || || i
- (zp) = 0.163, (Q?) = 1.36 GeV?, (|t]) = 0.44 GeV? | - (zp) = 0.187, (Q?) = 1.37GeV?, (|t]) = 0.45GeV? | - (zp) = 0.237, (Q?) = 1.36 GeV?, (|t]) = 0.45GeV? |
i o RGK 7.5 GeV I i o RGK 7.5 GeV I i o RGK 7.5 GeV I
I o o- I o -
. -0 0 o °o ° ) ° o © ©o - . - Q@ o 5 o o o -
% o © o 9 o O o % o © 0 9 ) (o) Q o o) %—* o 0 o 5 o 0 o
@) 10—1_ o o 4 O 10—1_ ¢ o 4 O 10—1_ ¢ _
S F 1 £ f 1 ¢ F° :
< o o] < ° 1 < o]
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100_ || || || I || || || I || || || I || || || i 100_ || || || I || || || I || || || I || || || i 100_ || || || I || || || I || || || I || || || i
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. - © °o o ° ° . ° 5 o o ° ° o 1 . © 4 o °0 o © ©-
% °© o © o o ° o % o %, ° o ° o % o O o o o o
<107 ° ° 4 Cwle e 0 o S0 0 ° E
Q - Q 1 © - -
O B ) - O - -
<< i < ] < [ o i
_o o] - I -
10—2 1 1 1 | 1 1 1 | 1 1 L | 1 1 1 10—2 1 1 1 | 1 1 1 | 1 1 L | 1 1 1 10—2 1 1 1 | 1 1 1 | 1 L L | 1 1 1
0 90 180 270 360 0 90 180 270 360 0 90 180 270 360
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Background Merging Efficiency Correction

I Nyio(Xg, Q% 1, )
Ay=1+ (1 + —= )
4511 Nno bkg(xBa Q , 1, ¢)

150 —r—r—r——— ————— 150 ——r—————————————
(zp) = 0.163, (Q*) = 1.12GeV?, (Jt]|) = 0.45 GeV? - 5 (xp) = 0.186, (Q*) = 1.12GeV?, (|t]) = 0.45 GeV? - - (zp) = 0.237, (Q*) = 1.36 GeV?, (|t]) = 0.45 GeV? -
1.95F o RGK 7.5 GeV - 1.95F o RGK 7.5 GeV - 1.25F o RGK 7.5 GeV -
1.00F b b 1 1oof { 4 1oof -
3 o % {’ o o] & o é {> & © o] = é { o
Sompb et b & { td o | Somp R ¢ 4 Somp ¢ % { % .
o= s = i = s
£a Ea 63
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1.50 ! ! ! | ! ! ! | ! ! I | I I I 1.50 ! ! ! | ! ! ! | ! ! I | I I I 1.50 ' ' ! | ! ! ! | ! ! I | I I I
L (o) = 0,137, (Q2) = L11GeV2, (|f]) = 0.45CoV? - L o) = 0.163, (Q2) = L12GeV2, (|f]) = 0.45CoV? - L () = 0,186, (Q2) = L12GeV2, (|f]) = 0.45CeV? -
1.25F o RGK 7.5 GeV - 1.95F o RGK 7.5 GeV — 1.95k o RGK 7.5 GeV -
1.00F . 4 1oof 1 1oof % % % -
%* -OOO{; %*éé {{’¢¢¢oo-g -oo ¢§{ §§%§ ¢¢ oo'% 'o¢¢§§ {{} {§§¢00'
< 0.75F ? ¢ 1 Somp e d td o 4 Somp ? -
o= s {4 &= 4 = s -
£a £a 63
0.50f 4 o050k 1 o050k -
0.25\- 1 o02sF 1 of -
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Radiation Correction

Nrad(xBa Q29 t? ¢)

Amd T o
Nno md(xBa Q ’ ta ¢)
150 T T T I T T T I T T T I T T T 1.50 T T T I T T T I T T T I T T T 150 T T T I T T T I T T T I T T T
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i o © 00 o 6% 0500 0 ] i 6 ¢ |
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3 i 1 3 i 1 3 i 01
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s s s
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Bin Centering Correction

Evenly distributed grid in
Xp, QZ, t, @ 4D space

Size:nXnXnXn

Final Choice: n = 20

Yijie Wang

BCC

1.16 A

1.14 -

1.12 -

1.10 -

1.08 -

1.06 -

1.04 -

Bin-Centering Correction vs. ¢
(xB=0.1, Q?2=1.337 GeV?, -t=0.198 GeV?)

—&— BCC4
—o— BCC38
—8— BCC 12
—&— BCC 16

50 100 150 200 250 300
¢ (deg)
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Lepton Propagator Cut

_ 1 BH , .BH BH
dogi2 _P:cZBy2(1 P () Pad) (g™ + ¢ cos(p) + ¢y cos(2¢))

1
dopyos? =T —5~5(c0" +er - cos() + ¢ cos(24))

Y2 Q?
1
doz :F:BBy3tP1(gb)P2(q§) (COI + C{ COS(qb) T C% COS(2¢) + C% COS(3¢))
1
P = (1 + €2) (J + 2K cos ¢vk) Can reach 0 at collinear limit —> Diverge

dvcsgen require | Py | > Py default P; = 0.005 set another P; = 0.00005

When P, is far away from 0, do( | P, | > 0.005)/do( | P;| > 0.00005) =1

When P, ~ 0, do(| P, | > 0.005)/de(| P, | > 0.00005) < 1
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Lepton Propagator Cut

Thus, define Cp = do(| Py | > 0.005)/da( | P, | > 0.00005)

When Cp < Certain Value, we reject that data point.

xsec xB=0.162, Q2=1.112, t=0.695 xsec xB=0.162, Q2=1.112, t=0.695
—— KM15 ] —— KM15
——- BHonly : —=- BH only
Data (BCC corrected Data (BCC corrected
101 B . ( ) 101 5 . ( )
S
<
> :
(2 100 e S |  ?
Qo ] N
< \
[
© \
O \\
()
»w 1071 4 \ 1
é ] \ . * * -
@)
A A
\ /7
1072 - AN e 1072 -
] N s ]

~ ~
~ /, ~ ’/
~ - ~ -
\~ - \~ -
- el

Oo 90 180 270 o s 100 10 200 250 300 3% o s 100 10 200 250 300 3%
q) [d eg] ¢ (deg) ¢ (deq)
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Cross Section Extraction

RGK Fall18 Pass2 7.5GeV Unpolarized Cross Section

N 1 -5,
' Abcc

do = -
Z AV Aacc Aeff Amd

rp=0.14, @ =1.12 GeV?, [t| =0.25 GeV? rp = 0.14, Q? = 1.11 GeV?, |t| = 0.69 GeV?
Beam Accumulated 10 _ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 10 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
Energy/GeV | Charge/mC — — C
> % I
6.4 ~90
S 9 q00k
Q0 e =
6.5 ~10 = 0 = :
’ 7.5 ~10 7 = =10
S Y m md == T 5 T 5
8.5 ~80 o ~
%) et B %) 1072 3 E
o | | | ok | | |
E 2;_ ............................................................................................................................................. — z 2;_ ................................................................. ¢ ......................................................................... —
é 1;o--o-o——o——Q——ﬂ——b——o——o——o——o——Q——n——Q——Q——o——o——og é 1;— O--5--0--0- 90 9———————¢——¢ ——6——4 °——0——5 0--—-—
4c_67 O;_ ............................................................................................................................................. __ _,C_é O;_ ............................................................................................................................................. __
D | | | I | | | I | | | I | | | D | | | I | | | I | | | I | | |
0 90 180 270 360 0 90 180 270 360
¢ |deg| ¢ |deg]
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Cross Section Extraction

RGK Fall18 Pass2 7.5GeV Unpolarized Cross Section 0.4 GeV? < || < 0.5 GeV?

op =021, Q*=1.87 GeV?, |t| = 0.45 GeV? op = 0.24, Q%> =188 GeV?, [t| = 0.45 GeV? ap = 0.26, Q%= 1.86 GeV?, [t| = 0.45 GeV? g = 0.29, Q%= 1.87 GeV?, [t| = 0.45 GeV?
W T -— T ] e S —
- - ° Data a = o Data — ° Data é - 10 1 ° Data
]z e - KM15 ; Z I KM15 1 z B KM15 c KM15 :
O U} 3 BH only . < BH only < 107 BH only - U} BH only N
0 — = 1 = 107 - = F 3 = 1
[ J [ J — — C 3 — L ] — -
sz I S | - Sl e[t A
=2 ] cls “l=102E E “lE ]
acc (& rd S SI0F “ N 5 s | ]
S B s B S T s T P P S T P T SR SR
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¢ [deg] ¢ [deg] ¢ [deg] ¢ [deg]

Beam Accumulated

g = 0.19, Q% = 1.62 GeV?, [t| = 0.45 GeV? zp = 0.2, Q? = 1.62 GeV?, [t| = 0.45 GeV? g = 0.24, Q% =1.62 GeV2, [t| = 0.45 GeV? g = 0.26, Q% =1.62 GeV2, [t| = 0.45 GeV? g = 0.29, Q% =1.62 GeV?, |t| = 0.45 GeV?
——— | g ] —— ————
E n er y/G eV C h ar e/m C 5 o  Data 'S . o Data - 5 o Data 'S o Data 'S o Data
Z 100k KM15 - 2z F\¢ KM15 ] c i KM15 | 2z 1 KM15 2 107'F KM15 =
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z - ; = I T £ 107 E 2 - ] = [ ]
6 4 90 RS 1 <107 E s ] s 0 ] s [\ ;]
~ =~ =~ - ] = - 1 = I | =~ - \ ’ T
- =107 E = ] = 1 = ] = \ /
I : =T f : =Tt o i / =% \ : =202k N / .
=lE ] =ls ' clE \ / T|E107°E \ / 3 =lE \ / ]
o i i o o 107°F S s/ r o E “\ / E o~ C N ,/ ]
ST ] S0k - S F AN : St ] St . 7 i
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6 5 ~1 O 0 90 180 270 360 0 90 180 270 360 0 90 180 270 360 0 90 180 270 360 0 90 180 270 360
- ¢ [deg] ¢ [deg) ¢ [deg) ¢ [deg] ¢ [deg]

o

~ ap = 0.16, Q* = 1.36 GeV?, |t| = 0.45 GeV?
10— 71—+ 1 T T3

g = 0.19, Q*= 137 GeV?, [t| = 0.45 GeV? op = 0.21, Q*=1.37 GeV?, |t| = 0.45 GeV? op = 0.24, Q%> =136 GeV2, [t| = 0.45 GeV? ap = 0.26, Q*> = 1.37 GeV?, [t| = 0.45 GeV?
: e S —— T B — T -
‘ 7 5 ~1 O ' s ° Data = ° Data - 1()“: ° Data e - [ ° Data ] o ° Data
- 2 - KM15 ; < 10k KM15 . 2z F KM15 - c - KM15 . 2z KM15
~ ' < " BH only < - BH only ] < - R BH only 1 X i BH only T 2 BH only
—.—i - <= 10k . = ; ] = R\ 1 < 0k i = 107°F E
-y =™ s | ] s 1 S107'E . . s f S N ;o
= f ] =107'F 3 = f 3 = [ K : = [ N o]
8-5 ~80 o) '_:’l]()fl___ - o) '_:’: E E [e) '_ji : + : o) '_i L k T / J B '—:i i \\ // |
i 3 3 i S - - i S \ ’ i \ 4 | 8,2 \ ’
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102 . S T S B S T S T P Pl S T P N S B
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= 0.14, Q> = 1.11 GeV?, [t| = 0.45 GeV? ap = 0.16, Q% = 1.12 GeV?, |t] = 0.45 GeV? g = 0.19, Q%= 1.12 GeV?, [t| = 0.45 GeV?

-E AN B S B L B S RN S S R S R R lU == S S N L L S R R R S T T T T T T | T T T | T T T ]
- 3 ° Data E F\ ° Data A = X ° Data
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Cross Section Extraction

RGK Fall18 Pass2 7.5GeV Polarized Cross Section

N 1 -5,
' Abcc

do = -
Z AV Aacc Aeff Amd

xp = 0.14, Q° = 1.12 GeV?, |t| = 0.25 GeV? zp = 0.14, Q° = 1.11 GeV?, |t| = 0.69 GeV?
Beam Accumulated 10 3 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 10 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
Energy/GeV | Charge/mC — — C
2 =
6.4 ~90
2 2100
) O -
6.5 ~10 = 0 = i
’ 7.5 ~10 J = = 10
) ~ L ﬁ"b aa ﬁ"b aa
8.5 ~80 2, 2,
S 011 i g 10_25— =
ER- | | | ok | | |
z 2 ;_ ............................................................................................................................................. — E 2 ;_¢ ................................................................................. —
é ]fo-0-0-0-0-2-0-096-5-0-0-0-0-0-0-0 é 1§‘°a°¢¢¢‘“i“é'ﬂ""q}"éqga"-
8 Of_ ............................................................................................................................................. = S Of_ ............................................................................................................................................. =
S = 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 . S = 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 .
0 90 180 270 360 0 90 180 270 360
¢ |deg] ¢ |deg]

Yijie Wang CLAS12 Collaboration Meeting



Cross Section Extraction

RGK Fall18 Pass2 7.5GeV Polarized Cross Section 0.4 GeV? < |¢] < 0.5 GeV?

op =021, Q*=1.87 GeV?, |t| = 0.45 GeV? op = 0.24, Q%> =188 GeV?, [t| = 0.45 GeV? ap = 0.26, Q%= 1.86 GeV?, [t| = 0.45 GeV? g = 0.29, Q%= 1.87 GeV?, [t| = 0.45 GeV?
W T -— S S — e S —
- . ° Data = ° Data — - ° Data i‘ - 1 ° Data
]z C F KM15 : C i KM15 | c KM15 2 1077 F KM15
O < s BH only . < BH only < 10! BH only _ < - BH only
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— o L = = E 3 = F ] E i
0 b S0k - hSs X 1 hSs C 1 hSs \ ;
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Beam Accumulated

rp = 0.19, Q%= 1.62 GeV2, [t| = 0.45 GeV? zp = 0.2, Q% = 1.62 GeV?, |t| = 0.45 GeV? g = 0.24, Q%= 1.62 GeVZ, [t| = 0.45 GeV? g = 0.26, Q%= 1.62 GeV2, [t| = 0.45 GeV? rp = 0.29, Q%= 1.62 GeV2, [t| = 0.45 GeV?
——— e g e ) )
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Dl 2 3 Ll [ ] Ll a - ’ Ll a N\ / L 21072 N\ / -
=5 f ] =5 | | clE . / =510 \ / E Fle Ok \ / ]
o i o N , o 107°F S s/ e o E S / E o C AN R4 4
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o

~ ap = 0.16, Q* = 1.36 GeV?, |t| = 0.45 GeV?
10— 71—+ 1 1T 3

g = 0.19, Q*= 137 GeV?, [t| = 0.45 GeV? op = 0.21, Q*=1.37 GeV?, |t| = 0.45 GeV? op = 0.24, Q%> =136 GeV2, [t| = 0.45 GeV? ap = 0.26, Q*> = 1.37 GeV?, [t| = 0.45 GeV?
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= 0.14, Q> = 1.11 GeV?, [t| = 0.45 GeV? ap = 0.16, Q% = 1.12 GeV?, |t] = 0.45 GeV? g = 0.19, Q%= 1.12 GeV?, [t| = 0.45 GeV?
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Cross Section Extraction

RGK Fall18 Pass2 7.5GeV Cross Section Difference

Ao =do_, —do_

rp = 0.14, Q% =1.12 GeV?, |t| = 0.25 GeV? rp = 0.14, Q% = 1.11 GeV?, |t| = 0.45 GeV?
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Cross Section Extraction

RGK Fall18 Pass2 7.5GeV Cross Section Difference 0.4 GeV? < |¢| < 0.5 GeV?

op = 0.21, Q%= 1.87 GeV2, |t| = 0.45 GeV? ap = 0.24, Q%= 1.88 GeV2, [t| = 0.45 GeV? ap = 0.26, Q%= 1.86 GeVZ, [t| = 0.45 GeV? ap = 0.29, Q* = 1.87 GeV2, |t| = 0.45 GeV?
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Rosenbluth Separation

5 3
d’c A Xg

dxgdQ?d|t|dpdps  16720%/1 + ¢2

|97‘2 o |2 7 7 2 7 2 7 2
| T = ‘JBH+‘/DVCS‘ = ‘JBH‘ "“JDVCS‘ +J

Different beam energies give different y at same (x5, Qz, 1) point

I ~ 1/y> |
) Separate DVCS and interface term!
|§7DVCS| - 1/}72 Accumulated
= harae/mGC
Too close,
o consider as
Fitting Formular: one beam
o Degree of Freedom : 4 ' energy.
(%y) _ (Ao(y) A, @) A, (v, 9) As(y, d) 0
bry 0 0 0 0 Y2 - y)KI)(¢)sin(gh)

A;y Degree of Freedom : 1
All beam energies from RGK are crucial!
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Rosenbluth Separation

Pseudo Data Test ( ~ 20% uncertainty)

do: EB=6.400, xB=0.180, Q?=1.100, t=-0.50 (§=0.116) do: EB=6.400, xB=0.180, Q?=1.100, t=-0.50 (¢=0.116)
0.4 - x2/ndf = 0.85 ] - KM15 2/ndf = 1,30
] Fit (multi-EB)
10 BH
KM15 DVCS
0.2 - Fit DVCS *10
| 100 KM15 INT /
T - Fit INT =10 ’ |
E E data do , /
B 0.0 - B 10—1 ] ‘/‘/
< [ I S S S SR “J: S L S PRI R R
3 3 . e
P I I D s ettt P
—0.2 -1 T R e ———
— - KM15
——  Fit (Multi-EB) B
Fit +10 103 3
—0.4 1 # datado ]
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
¢ [deq] ¢ [deq]

Twist-2 DVCS Amplitude separated!

Agree with true(generated) value
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Rosenbluth Separation

Estimated Experiment Test — CFF Extraction

ImHvs & (Q%=1.10 GeV?)

t= —0.90 GeV? t= —0.70 GeV? t= —0.50 GeV?
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B-F - -F--m-Fommmmmmmmmmmmmmmmm

Im H(E, t)
o

t= —0.30 GeV? t= —0.10 GeV?

—ws|  CGonservative Systematic Uncertainty

\\~
—
_—
-—
_—
e
~~
—
~~-
—-
L]
---_-—

0.05 0.10 0.15 0.20 0.25 0.30 0.05 0.10 0.15 0.20 0.25 0.30

Yijie Wang CLAS12 Collaboration Meeting



Rosenbluth Separation

Estimated Experiment Test — CFF Extraction

Re Hvs & (Q?=1.10 GeV?)

t= —0.90 GeV? t= —0.70 GeV?

t= —0.50 GeV?

————————————————————
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— e ——
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o =

-_—- KM15 — == KM15
¢ Fit ¢ Fit
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Status & Summary

rp = 0.14, Q° =112 GeV?, [t]| = 0.25 GeV?
I I I I I I I I I I I I I I

107 We have successfully extracted the beam spin asymmetry (BSA) as well as
5 the unpolarized and polarized cross sections from the RGK 7.5GeV data.
% The Rosenbluth separation procedure is currently being refined using
T 100k simulations.
% Next Steps:
gm _ — _ * Evaluate full systematic uncertainties.
E 2;_ ............................................................................................................................................. _;
S jpreeeroeeeeenesmees o Analyze the full RGK data set as soon as it becomes available.
= 3w Perform Rosenbluth separation to disentangle the various contributions,
 ldes] combining results across all RGK beam energies (6.4, 6.5, 7.5, and 8.4 GeV)
0.4 2p 014, Q7 = L12GeV7, ¢ = 0.29 Gel” and RGA data sets (10.2 and 10.6 GeV) to improve coverage, statistical
- o A precision, and control of systematics of extracted physics quantities.
<

Building on the previous studies of the proton’s gravitational structure with
CLAS data, this work using CLAS12 data with multiple beam energies will

enable high-resolution imaging to map the proton’s internal pressure and force

U ﬁgggi —zo 30 distributions.
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Thank you for your listening!

Yijie Wang, Volker Burkert, Latifa Elouadrhiri,
Richard G. Milner, Bhawani Singh

Run Group K

[T s jefferdon Lab Ck)goﬁ

Technology

Mar, 2026
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Backup: Way to Understand Proton’s Structure

Generalized Parton Distribution

3D Imaging of proton Spin & Angular Momentum
¢ transverse 1 1
' 05 05 [POSItion 5 — EAZ + Lq + Jg
" .. T 0.4
A 1 b(fm) . 1
bt - Jq/g = t1§T05Jde [Hq/g(x, E, 1)+ E‘]/g(x, E, t)]

1.0

Iongitudinal Lin, H. W. (2021). Nucleon tomography and generalized
parton distribution at physical pion mass from lattice
momentum QCD. Physical Review Letters, 127(18), 182001.
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Backup: Fiducial Cut

E I GCt ro n electron DC region 2 sector 1 (no fiducial cuts) electron DC region 2 sector 2 (no fiducial cuts) electron DC region 2 sector 3 (no fiducial cuts)
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Backup: Fiducial Cut

E I GCt ro n electron DC region 3 sector 1 (no fiducial cuts) electron DC region 3 sector 2 (no fiducial cuts) electron DC region 3 sector 3 (no fiducial cuts)
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Backup: Fiducial Cut

Proton
DC, R1

edge > 3 cm

Yijie
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proton DC region 1 sector 1 (no fiducial cuts)
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proton DC region 1 sector 2 (no fiducial cuts)
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<y?/ndf>

proton DC region

1 sector 3 (no fiducial cuts)
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Fiducial Cut

P rOtO n proton DC region 2 sector 1 (no fiducial cuts) proton DC region 2 sector 2 (no fiducial cuts) proton DC region 2 sector 3 (no fiducial cuts)
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Fiducial Cut

I rOtO n proton DC region 3 sector 1 (no fiducial cuts) proton DC region 3 sector 2 (no fiducial cuts) proton DC region 3 sector 3 (no fiducial cuts)
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Backup: Fiducial Cut

I rOtO n proton CVT layer 1 (no fiducial cuts) proton CVT layer 3 (no fiducial cuts) proton CVT layer 5 (no fiducial cuts)
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15/ 15— 15/
10 10/H 10/ H
5[ AT T 511 | 51H
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Backup: Fiducial Cut

Photon
ECAL,
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Backup: Fiducial Cut

I h Oto n photon EC-in sector 1 (no fiducial cuts) photon EC-in sector 2 (no fiducial cuts) photon EC-in sector 3 (no fiducial cuts)
g > = 500 = 500 -
S, S S, -
= > 450 > 450 > 450 .
ECAL, EC-in :
400 400 400 7 B
_ - 10
as a N 350 3 350 = 350 -
300 300 7 | 300 .
Example
10
. 200 200 200
remove bad strips
150 150 150
100 - 100 100
50 50 50 1
3 i .
d bt b, kg i, i L B S S L £ ol R AL e g kit s o INENE RO : ity : o pr e e ey L A
% 50 100 150 200 250 300 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500
w [cm] w [cm] w [cm]
photon EC-in sector 4 (no fiducial cuts) photon EC-in sector 5 (no fiducial cuts) photon EC-in sector 6 (no fiducial cuts)
T 500~ = 500 = 500~ 2
S - S, S
> 450 > 450 > 450 .
400 400 400 S 10
350 350 350 -
300 300 ‘ 300 " |
250 250 250 "
4 10
200 200 200
150 150 150 3
100 £ 100 100 = .
50 50 : N 1
L A : ‘ \ : " - | 4— --i I B : s . i PGS T T i By L -_"“F ol : E- e i o PR TR ch L T e e ?}f Ll
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w [cm] w [cm] w [cm]
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Yijie Wang

Backup: Data Skimming

Event Selection Criteria (DVCS analysis)

1 electron detected in FD
1 photon detected in FT or FD

\Y

\Y

\%

1 proton detected in FD or CD

Kinematic cuts:

E. > 0.1 Epeqm

E, > M, + 5MeV
P, > 0.15 Epeam
Q? > 0.8 GeV*

W > 1.8 GeV

Exclusivity cuts:

Missing energy: —1 < F,,;.s < 2 GeV

Proton missing mass? 0.25 < MMI? < 2.0GeV?
System missing mass% —0.1 < MM(?m < 0.1 GeV?
Transverse missing momentum: Pz < 0.75 GeV

miss

Photon-missing photon angle: 6.,,, < 7.5°
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Backup: Data Kinematics Coverage Constrained by Proton

ALL proton p vs thetain 6 > 0.0°

proton_p vs theta_T1
Entries 6039779 0

- Boundary From Proton:
— o | | Mean y 57.7

saoex 0zz2 1, Strong boundary in FD, due to bending
] of low momentum protons

i 2. Boundary depends on p and ¢

140

6 [deg]

120

100/

80

60 100

Proton momentum is equivalent to ¢

40
500

For Example:
t =0.25 GeV? <=>p = 0.51 GeV

20

p [GeV]
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Backup: Data Kinematics Coverage Constrained by Proton

ALL proton p vs theta in 6 > 0.0°

proton_p_vs_theta_T1

fuor o For Example:
L ooy a0 t=0.25 GeV? <=>p = 0.51 GeV
. Read from the left plot: only 8 > 40°
. proton is within boundary
I This boundary depends on ¢z,
0 0.5 1 1.5 2 2.5 ) [GeV?
Gpyx = 45° Ppyx = 0 Gy = 135° Ppux = 180°

ep in lab ep in lab ep in lab
= - 80 o 2 =B 46uGiay t=-0:250-Ge V7, ¢=18 80
>
(]
20 S 19 70
©
1.8
60 60
17
50 16 50
N N
15
40 40
14
30 30
13
20 1.2 20
: 1.1
10 10
Y014 016 018 02 022 024 026 028 03 ™"014 016 018 02 022 024 026 028 03 ™"014 016 018 02 022 024 026 028 03 Y014 016 018 02 022 024 026 028 03
Xg Xg Xg Xg
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Backup: Data Kinematics Coverage Constrained by Proton

t =0.25 GeV? t = 0.35 GeV?
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Backup: RGA — DVCS @ 12GeV
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