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

δd(x) = dp(x) − un(x),

δu(x) = up(x) − dn(x).

Lattice limits
CSV limits from lattice calculation:
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Experimental Limits
CSV (x) contains δd − δu, where

δd(x) = dp(x) − un(x), δu(x) = up(x) − dn(x).
Theoretical limits

Model by Sather:

δd(x) ∼ 2 − 3%, δu(x) ∼ 1%

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

Model by Rodionov, Thomas and Londergan
δd(x) could reach up to 10% at high x

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

Phenomenological limits
CSV parameterization
δuv = δdv = k(1 − x)4x0.5(x − 0.0909)
The form has to satisfy the normalization condition∫

dxδuv(x) =
∫

dxδdv(x) = 0
k was varied in the global fit: 90% CL
Eur. Phys. J.35(2004)325
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Formalism
Semi-inclusive Deep Inelastic Scattering

Charge symmetry Violation

δd(x) = dp(x) − un(x), δu(x) = up(x) − dn(x).

CSV (x) = δd − δu

Londergan, Pang and Thomas PRD54(1996)3154

RD
meas(x, z) = 4NDπ−(x, z) − NDπ+(x, z)

NDπ+(x, z) − NDπ−(x, z)
= 4RY (x, z) − 1

1 − RY (x, z) (1)

where NDπ±(x, z) is the yield of π± electroproduction on a deuterium target and

Factorization

NNh =
∑

i

e2
i qN

i (x)Dh
i (z)

Impulse Approximation

NDπ±(x, z) = Npπ±(x, z) + Nnπ±(x, z)
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Formalism No. 1

Londergan, Pang and Thomas PRD54(1996)3154

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

R(x, z) = 5
2 + RD

meas, A(x) = −4
3(uv+dv) , knownB(x, z) = 5

2 + RD
sea S(x, z) + RD

sea NS(x), known

D(z) = 1 − ∆(z)
1 + ∆(z) , ∆(z) = Dπ−

u (z)/Dπ+
u (z), CSV (x) = (δd − δu)

1. Calculate CSV(x) for each (Q2,x) setting from different Fragmentation Functions
2. Extract simultaneously D(z) and CSV(x) from each (Q2, x) setting
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Experiment Overview

4 z measurements (0.4,0.5,0.6,0.7) for each
x, Q2 setting.

Q2 = 4.0GeV 2, x = 0.35, 0.4, 0.45, 0.5

Q2 = 4.75GeV 2, x = 0.45, 0.5, 0.55, 0.6

Q2 = 5.5GeV 2, x = 0.5, 0.55, 0.6, 0.65

Electron: HMS,pion: SHMS
Fall 2018 and Spring 2019

10.6 GeV beam, LD2(10 cm), LH2(10 cm), Al-dummy
HMS angle 13◦-21◦, 4.4-6.4 GeV, electrons
SHMS angle 11◦-21◦, 1.7-4.5 GeV, π + /π−

W 2 > 4GeV 2 and W ′2 > 2.8GeV 2 for SIDIS region
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Data Analysis

⟨x⟩ = 0.5, ⟨Q2⟩ = 5GeV 2, ⟨z⟩ = 0.5
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pi+ data yield
data Dummy_yield
data yield final
pi+ sim sum
pi+ sim SIDIS
pi+ sim exc
pi+ sim rho
pi+ sim delta
pi+ sim inc norad

Data yield

Y D
corr = Npions

Q εt εLT εPID

Radiative correction:RC = YSIMC,noradia

YSIMS,radia

Backgrounds from SIMC:
Yexc: Exclusive radiative backgrounds
D(e, e′π±)n(p)γ
Ydelta: Delta radiative backgrounds
D(e, e′p)π
Yρ: Diffractive ρ D(e, e′ρ → π+π−)

YD(x, z) = RC(Y D
corr − 0.245YDummy − Yexc − Ydelta)
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RD
meas from data

D(z) R(x, z) + A(x)CSV (x) = B(x, z), R(x, z) = 5
2 + RD

meas(x, z)

0.3 0.4 0.5 0.6 0.7 0.8 0.9

〈z〉

0

2

4

6

8

10

R
D m
e
a
s
,r
h
o

3.80473

Q2 : 3.185, x : 0.291

Q2 : 3.088, x : 0.341

Q2 : 3.418, x : 0.375

Q2 : 3.936, x : 0.422

Q2 : 4.534, x : 0.467

Q2 : 4.364, x : 0.516

0.3 0.4 0.5 0.6 0.7 0.8 0.9

〈z〉

0

2

4

6

8

10

R
D m
e
a
s
,r
h
o

4.56863

Q2 : 3.845, x : 0.340

Q2 : 3.814, x : 0.389

Q2 : 3.998, x : 0.428

Q2 : 4.425, x : 0.473

Q2 : 4.960, x : 0.520

Q2 : 5.244, x : 0.564

0.3 0.4 0.5 0.6 0.7 0.8 0.9

〈z〉

0

2

4

6

8

10

R
D m
e
a
s
,r
h
o

4.56863

Q2 : 4.541, x : 0.389

Q2 : 4.496, x : 0.439
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RD
meas(x, z) for ⟨Q2⟩ = 4GeV 2 projected on z axis.

All variables are bin center corrected.
For each of (Q2,x,z), 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(x, z) + A(x)CSV (x) = B(x, z)

A(x) = −4
3(uv + dv)

B(x, z) = 5
2 + RD

sea S(x, z) + RD
sea NS(x)
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Calculate CSV from formula No.1
Different Fragmentation Functions

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

CSV (x) = B(x, z) − D(z) R(x, z)
A(x)

D(z) = 1 − ∆(z)
1 + ∆(z) , ∆(z) = Dπ−

u (z)/Dπ+
u (z)

Fragmentation Functions:
JAM20SIDIS
fDSS LO
fDSS NLO
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Extract simultaneously from formula No.1
Fragmentation ratio and CSV extraction

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

∆(z) ≡ Dπ−
u (z)

Dπ+
u (z)

= zα(1 − z)β

CSV x ≡ δd − δu = xa(1 − x)b(x − c)

constrain:
∫ 1

0 CSV (x)dx = 0

c =
∫ 1

0 x(a+1)(1 − x)b∫ 1
0 xa(1 − x)b

= B(a + 2, b + 1)
B(a + 1, b + 1) , B(x, y) = Γ(x)Γ(y)

Γ(x + y)

RD
fit(x, z) = B(x, z) − A(x)CSV (x)

D(z) − 5
2

Diffractive ρ : Y Dπ−
corr = Y Dπ− + γY ρ

π−
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Extract simultaneously from formula No.1
Results after standard ρ background subtraction
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∆(z) ≡ Dπ−
u (z)/Dπ+

u (z) = zα(1 − z)β
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< Q2 >= 4 GeV 2
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MRST

CSV x ≡ δd − δu = xa(1 − x)b(x − c)
D(z) R(x, z) + A(x)CSV (x) = B(x, z)

From the fitting result ∆(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(x, z) + A(x)CSV (x) = B(x, z)

CSV (x) = δd − δu

This equation used simple expansion.

New equation
Assume T = u+d

u+d , S = 2(s+s)
u+d and D+

s = D−
s = D−

u , δd = −aδu,CSV = δd − δu

Y = (4 + T + S)∆(z) + (4T + 1) + (4a∆(z) − 1)δu

(4T + 1 + S)∆(z) + (4 + T ) + (4a − ∆(z))δu

1. Calculate δu from existing FFs using the Yield ratio.
2. Fit the Yield ratio to extract simultaneously ∆(z) and δu
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Calculate CSV from the new Formula

Y = (4 + T + S)∆(z) + (4T + 1) + (4a∆(z) − 1)δu

(4T + 1 + S)∆(z) + (4 + T ) + (4a − ∆(z))δu
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Using JAM20PDF and JAM20FF
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Extract simultaneously from new formula

Y = (4 + T + S)∆(z) + (4T + 1) + (4a∆(z) − 1)δu

(4T + 1 + S)∆(z) + (4 + T ) + (4a − ∆(z))δu

∆(z) ≡ Dπ−
u (z)

Dπ+
u (z)

= zα(1 − z)β

δu(x) = kxa(1 − x)b(x − c)

In progress...
H2 runs are added to constrain fragmentation functions

YH2 = (4u + d)∆(z) + (4u + d) + (s + s)∆(z)
(4u + d) + (4u + d)∆(z) + (s + s)∆(z)
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H2 runs results
Factorization test from H2 runs

σπ+
p − σπ−

p

σπ+
d − σπ−

d

= 4u + 4u + d + d

5(u + u + d + d)
σπ+

p + σπ−
p

σπ+
d + σπ−

d

= 4uv − dv

3(uv + dv)
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(predictions are from JAM20 PDFs)
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Some other quantity by our D2 runs

Nπ+
D − Nπ−

D

Nπ+
D + Nπ−

D

= 3(uv + dv)(D+
u − D−

u )
5(u + d + u + d)(D+

u + D−
u )
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(predictions are from JAM20 PDFs and FFs)
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Future work

Improve and update ρ 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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Backups
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Data Analysis
Kinematic Cut

4 z measurements (0.4,0.5,0.6,0.7)
for each x, Q2 setting.

Q2 = 4.0GeV 2, x = 0.35, 0.4, 0.45, 0.5

Q2 = 4.75GeV 2, x = 0.45, 0.5, 0.55, 0.6
Q2 = 5.5GeV 2, x = 0.5, 0.55, 0.6, 0.65

DIS cut: Invariant mass squaredW 2 = (P + k − k′)2 = M2 + 1−x
x Q2

SIDIS cut: Mass of the unobserved final state squared
W ′2 = (P + k − k′ − Ph)2 = M2 + Q2 1−x

x + M2
h − 2 · (z + 1) Q2

2·Mx
DIS:W 2 > 4GeV 2 and SIDIS: W ′2 > 2.8 GeV 2
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Model dependence for Formular No.1

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

A(x) = −4
3(uv + dv)

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(x, z) + A(x)CSV (x) = B(x, z)

cteq6 PDF and JAM20 FF

B(x, z) = 5
2 + RD

sea S(x, z) + RD
sea NS(x)

RD
seaNS

= 5(up(x) + d
p(x)

[up
v(x) + dp

v(x)]

RD
seaS

= ∆s(z)[s(x) + s(x)]/(1 + ∆(z))
[up

v(x) + dp
v(x)]

∆s(z) = D−
s (z) + D+

s (z)
D+

u (z)
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Diffractive ρ background subtraction

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

Assumption:
1,The ρ decay into pions are charge symmetric: Nρ

π− = Nρ
π+

2.The ρ subtraction for π+ runs and π− runs are same

Y Dπ−
corr = Y Dπ− + γY ρ

π−

,
Y Dπ+

corr = Y Dπ+ + γY ρ
π−

δRD
ρ = δRD

ρ (γ, Y ρ
π− , Y Dπ+

, Y Dπ−)

For standard ρ subtraction, γ is -1
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