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Motivation

Charge symmetry Violation

Charge symmetry (CS) is one special kind of isospin symmetry.

dd(z) = d’(z) — u" (x),
du(z) = uP(z) — d"(x).
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Lattice limits

CSV limits from lattice
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Experimental Limits
CSV (z) contains dd — du, where

0d(z) = dP(x) — u"(z), 0u(x) = uP(x) — d"(x).

Theoretical limits
Model by Sather:

dd(z) ~ 2 — 3%, 0u(z) ~ 1%

E. Sather, Phys. Lett. B274, 433 (1992)

Model by Rodionov, Thomas and Londergan

dd(x) could reach up to 10% at high =

E. N. Rodionov, A. W. Thomas and J. T. Londergan, Mod.
Phys. Lett. A 9, 1799 (1994)

CSV parameterization
Suy = ddy = k(1 — 2)*2%5(z — 0.0909)

J dzduv(z) = [ dxodv(x) =0

k was varied in the global fit: 90% CL
Eur. Phys. J.35(2004)325
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The form has to satisfy the normalization condition -
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Formalism

Semi-inclusive Deep Inelastic Scattering

Charge symmetry Violation
od(z) = dP(x) — u"(z), 0u(z) = uP(x) — d"(x).
CSV(zx) =dd — du

Londergan, Pang and Thomas PRD54(1996)3154

RD s(@,2) = AND™ (2,2) = NPT (2,2) _ 4Ry (z,2) — 1
meas\*s <) = ND7T+($’Z) — ND7~ (.CC,Z) S 1- RY(x7Z)

where NPT (x, z) is the yield of 7T electroproduction on a deuterium target and

Factorization Impulse Approximation

NP =3"e2q (x) D} (2)
i ' ND”i(x,z) = Np”i(x,z) + N"”i(a:,z)

Shuo Jiashuojia@temple.edu (Temple/ANL) Csv June 15, 2022 4/19



shuojia@temple.edu

Formalism No. 1

Londergan, Pang and Thomas PRD54(1996)3154

D(z) R(z,2) + A(x)CSV (z) = B(z, 2)

R($a Z) + RT?Leas’ A(.’L‘) = 3(#_;4@) knownB(x Z) 2 + Rsea S(x Z) + Rsea NS( ) k‘?’I,O’U)JL

1-A(z)
14+ A(2)’

1. Calculate CSV(x) for each (Q? x) setting from different Fragmentation Functions
2. Extract simultaneously D(z) and CSV(x) from each (Q?, ) setting

D(z) = A(z) =D (z)/D,lTL (2),CSV (z) = (dd — ou)
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Experiment Overview

:g‘ 8 204/ 70 &4
o 7 /
o E /,’ CSV kinematic settings
6 =5 B Q*
C = - - o0 e
E = = h _ l:l .00 G
5 / ‘ 475 G
- . e e -
Ai - -— ’/ l:l 550 cuv?
E m = I = / — W = 4Gev?
[ - | - — W?(z = 0.8) = 26GeV?
N
: _ WR(z = 0.4) = 2.6GeV?
%2 0.3 0.4 4//‘ 0.5 0‘6 0‘7 ' 0.8
4 z measurements (0.4,0.5,0.6,0.7) for each ' ' x
z,Q? setting.
Q* = 4.0GeV?,z = 0.35,0.4,0.45,0.5 @ 10.6 GeV beam, LD2(10 cm), LH2(10 cm), Al-dummy
Q2 = 4.75GeV?2, x = 0.45,0.5,0.55,0.6 @ HMS angle 13°-21°, 4.4-6.4 GeV, electrons
Q? =5.5GeV?,z = 0.5,0.55,0.6,0.65 @ SHMS angle 11°-21°, 1.7-4.5 GeV, 7 + /71—
Electron: HMS,pion: SHMS W2 > 4GeV? and W' > 2.8GeV? for SIDIS region

Fall 2018 and Spring 2019
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Data Analysis

yield
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0.5,(Q%) = 5GeV?, (z) = 0.5

—o— pi+ data yield
—&— data Dummy_yield
—o— data yield final

pi+ sim sum
pi+ sim SIDIS
pi+ sim exc

—— pi+sim tho

pi sim delta
pit sim inc

rad

Data yield
N, pions

yP —_
Q €t vt €PD

corr

Radiative correction:RC =

Backgrounds from SIMC:

Y..c: Exclusive radiative backgrounds
D(e,e'm*)n(p)y

Yeta: Delta radiative backgrounds
D(e,e'p)m

Y,: Diffractive p D(e,e'p — mn7)

YSIMS,radia

Yp(2,2) = RC(Yemer — 0.245YDummy — Yexc — Ydelta)
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RP . from data

D(2) R(z,2) + A(x)OSV(x) = B(z, ), R(#,2) = & + Rhcas(z 2)

3.80473

Q% :3185.7:0201
Q7 3.088,7: 0341
Q713418710475
® 3,036, 0.422
Q7 4.534,7: 0,467
Q7 4364,7: 0516

o
—to—e—
o
[E—
o
roien
i
o—e—i
ror

Q7 15.647,7:0.561
@7 :5.669.7 : 0.607
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Q38457 0.340
Q1351470380
Q% 3.998,7: 0428
Q% 4.425,7: 0473
Q*: 4.960,7 : 0,520
Q752447 0.564

03 04 05 06 07 08 09

(=
RP .s(x,2) for (Q?) = 4GeV? projected on z axis.
All variables are bin center corrected.
For each of (Q?,z,2), weighted average are taken for
the overlap of the different group of runs
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Formalism No.1
Model Dependence

D(z) R(z,z) + A(z)CSV (z) = B(z, 2)

0
— Ax
-10
20 %
g
= I
-0 &
]
=
—40 4
=50
. . . . . . T T T T T T —
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X
®

Alw) = 3 -

5
m B(.’E, Z) = 5 + nga,s(% Z) + Rgg,NS(x)

F DA
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Calculate CSV from formula No.1

Different Fragmentation Functions

D(z) R(z,2) + A(x)CSV (z) = B(x, 2) 03]
OsV(r) = 22 Al();? fite.2)
D) = 1A AR =DE /DT ()l
Fragmentation Functions: —0.11
e JAM20SIDIS
e fDSS LO
e fDSS NLO

Shuo Jiashuojia@temple.edu (Temple/ANL)
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Extract simultaneously from formula No.1

Fragmentation ratio and CSV extraction

D(z) R(z,z) + A(z)CSV (z) = B(z, 2)
Dy ()
Dy (2)

CSVz =dd—du=az%1-2z)z—c)
constrain: fol CSV(z)dxr =0

A(z) =2%(1—2)8

Jo @ V(1 —2)®  Bla+2,b+1) Be.y) = LOT®)
= = y x’ = —
Moz Bla+L,b+1) Y " Taty)
B(x,z) — A(x)CSV(z) 5
D _ 9
Rfit(x7 2) - D(Z) - 5
Diffractive p : YOu =YP™ +7Y"
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Extract simultaneously from formula No.1

Results after standard p background subtraction

03
—_— SV (2)
@ <Q*>=4GeV?
021 ® ~® < Q?>=475GeV?
> ® < Q?>=55GeV?
. ((\’\,\ —— MRST
0.14 _ . A 1
. < ( 2 SN \;
} \ i = —
2004 b E —
JA) 1 N\ (]
} ; % '3 {
o ol Lff‘z B
014 -—- HENSFFOTLO e 4
-—- HKNSFFOTNLO TR
00 777 Geiger T -024
03 0.4 05 0.6 0.7 03 0.4 05 0.6 0.7
z Tpj
A(z) = D] (2)/D% (2) = 2%(1 —2)" CSVz=6d—du=z(1—x)"(x —c)

D(z) R(z,z) + A(x)CSV(xz) = B(x, 2)
From the fitting result A(z), CSV can be calculated for each kinematic point. Weighted average are taken for

overlap
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New Formalism
Proposal equation
D(z) R(z,z) + A(z)CSV (z) = B(z, 2)
CSV(z) = 6d — bu

This equation used simple expansion.

New equation

Assume T = T+ § = 2008 ang Dt = D = D, 6d = —adu,CSV = §d — du

_ (A+T+9)A(2) + (4T + 1) + (4aA(z) — 1)ou
AT+ 1+ 9)A(2)+ (4 +T) + (4a — A(z))du

1. Calculate du from existing FFs using the Yield ratio.
2. Fit the Yield ratio to extract simultaneously A(z) and du

Shuo Jiashuojia@temple.edu (Temple/ANL) Csv June 15, 2022 13/19
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Calculate CSV from the new Formula

4+ TH S)A(z) + (4T 4 1) + (4aA(z) — 1)du
AT+ 1+ 9)A(2) + (4 +T) + (4a — A(z))ou

0.4
® (2 =380473
® Q% =4.56863

031 ® (Q2=51%412
—— MRST
0.2

>

n

O 14

0.0
~0.1
0.2 0.3 0.4 0.5 0.6 0.7
xbj

Using JAM20PDF and JAM20FF
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Extract simultaneously from new formula

(A4+T+ S)A(z) + (4T + 1) + (4aA(z) — 1)du

Y S T 14 9AR) + (41 T) + (da— A(2)ou
A(z) = gi 22 =2%(1-2)8

du(z) = kz®(1 — z)%(z — ¢)
In progress...
Hy runs are added to constrain fragmentation functions
_ (du+d)A(2) + (4u+d) + (s +35)A(2)
2™ u+d) + (4 + d)A(2) + (s + 5)A(2)
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Hs runs results

Factorization test from Hy runs

+ — _ pa—
op —0p  4dutdu+d+d +o 4, — dy
T — = = =
o —o] 5(u+T+d+d) +o 3(uy + dy)
3.0
® x=03502=4 144 ® x=03502=4
25] ® x=04502=4 ¢ x=0450%=4
@ x=0450Q2=475 1.24 ("9 x=0.4502=475
,0] ® x=05502=475 | 104 ¢ x=05502=475
® Xx=06,02=55 ~ @ x=06,02=55
T“T‘ 1.5 i 'f 081 s
sefse > sefse "_._._’_*___;_!_’_r x\
0.6
; ! ) $ o e
1.0
L N 2 ¢
0.5 024
0.0 . . . . . 0.0 . . . . .
03 0.4 05 0.6 07 03 0.4 05 0.6 07

z
predictions are from JAM20 PDFs
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Some other quantity by our D5 runs

0.35

0.30

ol 0.25 4

Yy -
i+

0.20

0.15

Np' = Np

3(up +dy)(DF — D)

NE“ 4+ Np~ 5(u+d+u+d)(Di + Dy)

x=0.55,Q2=475

035 0.40 045 0.50 0.55

0.45 A

0.40 -

0.35 A

Y§ -va
Y3 +Yy

0.25 -

0.20 -

0.15 -

(predictions are from JAM20 PDFs and FFs)
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Future work

Improve and update p background subtraction
Systematic Uncertainty

Finalize the analysis cuts and data set, cross check with Hem'’s ratio

Fit with more data from PtSIDIS experiment
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Data Analysis

Kinematic Cut

4 z measurements (0.4,0.5,0.6,0.7)

g ° ST for each z, Q? setting.

8 7 Q* = 4.0GeV? x = 0.35,0.4,0.45,0.5
6 @
- " e Q% = 4.75GeV?, z = 0.45,0.5,0.55, 0.6
°C - - | e Q? =5.5GeV?,z =0.5,0.55,0.6,0.65
- - ] ssoe
4? [ =m —— W= dGev
s i - P = WPz = 0.8) = 26GeV?
= W2(z = 04) = 2.6GeV?
%2 — ‘0,‘3 04 05 0.6 0.‘7 (3(.8

DIS cut: Invariant mass squaredW? = (P + k — k')? = M? + 1=2Q?

SIDIS cut: Mass of the unobserved final state squared

W2 = (P4+k—k—P)2=M+Q* =2 + M2 —2. (2 +1),%
DIS:W? > 4GeV? and SIDIS: W'2 > 2.8 GeV?
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Model dependence for Formular No.1

D(z) R(z,z) + A(xz)CSV (x) = B(z, 2)

o1 4
— Ax Alx) = ——
2 ") = 30 v )
_]_D B
A(x) is calculated from Parton

Distribution Function. Plot is
calculated from JAM20 PDF.
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Model dependence for Formular No.1

D(z) R(z,z) + A(x)CSV (x) = B(z, 2)

10t — 5 5
100 ] Rsiz=10.4) B(%,Z) + Rsea S(‘rvz) +Rsea,NS('r)
—— Rs(z=0.5)
B — Rs(z=0.6)
%‘ 10 ] N — Re(z=07) RD _ 5P (x ) +d’(x)
3 NS up(@) + di ()]
8 107 4
a0 AE)ls(@) +5@)/(1+A)
1077 5 seas [ug (SC) =+ dp( )]
. -. D7 (2) + Dy (2)
YU o1 02 03 oa 05 05 o7 os Ay (z) =
. Dy (2)

cteq6 PDF and JAM20 FF
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Diffractive p background subtraction

D(z) R(z,2) + A(x)CSV (z) = B(z, 2)
Assumption:

@ 1,The p decay into pions are charge symmetric: N’ = N,
@ 2.The p subtraction for 7 runs and 7~ runs are same

yor =yPT 4 4vP

Drt _ yDrt
Yoo =Y 7T 44V

T T
SRY = 6RD(, YL, YP™ vy Py

For standard p subtraction, ~ is -1
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