Charge Symmetry Violation in Quark Distributions

(5’11(1‘, QQ) = up(xa Q2) - dn(xa QQ)
(Sd(.fl,', Q2) = dp(x7 Qg) - ’U’n(xv QQ)

Charge Symmetry
CS in parton distributions almost universally assumed for

du(z, Q%) = duy (z, Q%) + du(z, Q%) L) the past 40 years!
5d(x7 QQ) _ 6dV (:1:7 Q2) + (5d—(1‘7 QQ) E} 0 Sometimes it is assumed without mention.

. CS in quark distributions
CS at low energies

CSV expected to be ~ - M
CS respected down to ~ 1% after EM corrections with (]t?) -05-1GeV (Zzésvrr:;f) e/ c(t 0]2 1%

CS violating distributions:

|

- CSV measurements important step in studying the inner structure of the nucleon

- Validity of CS is necessary condition for many relations between structure functions

- Flavor symmetry violation extraction () # d(x) relies on the implicit assumption of CS (sea quarks)
+ Important to know CSV for parton distribution extractions/models: PDFs, TMDs, GPDs, GTMDs, etc.

+ CSV is a viable explanation for the anomalous sin® 6y extracted by NuTeV

Experiment limits and calculations

PDF fit with CSV -
From F¥ and F on iso-scalar Bag Model calculations (6u _I \iwé d, = nf,) gives Lattice improved result:
v = v = Ky _ o
tgl;g:ts (l:l‘:\)c‘,1 CCF9I§/, FNAL) ~1-10% large uncertainty: £u=0.26(8), k4=0.19(4)
ST 7 77 upper Sather (PLB274 1992), Rodionov etal. (Mod PLAZ 1994)  — (.65 < K < 0.8 I N
limit for CSV! etal PLB753 (2016)

MRST (EPJ35 2004)
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Formalism

Londergan, Pang, and Thomas PRD54 (1996) 3154

AND™ (2, 2) = NP™ (1, 2)
ND™(g,2) — NP7 (z, 2)

Rﬂeas(l‘v Z) =

Factorlzatlon

NN ) = Z . :zc)Dh Impulse Approximation

NPMz, 2) = NP (a, 2) + N™(z, 2)

Ao 1=AR) 5 5|u(z) +d(x)
e ! +7A(Z) B(w,2)= 2t uE(m) + (1,_(7“)}
A@=Dy /Dy L) [s) + 5(@)]/ [1 + Aw)
R(l‘ Z)* + RMeas V+( ) “"'J<'yr() ';_ dl<7)
B 4 ASZ:D_;‘ z)+ D7 (2
S R AG) O D

‘C(x) —5d(x) — bu(x) ‘ A(x) and B(T z) are known.

Extract simultaneously D(z) and C(x) in each Q? bin!

op(mt) +op(r™)  Adutdu+d+d op(mt) — op(77) Ay — dy
ca(mt) +oa(r™) ~ Blu+u+d+d) oa(mt) —oa(m™)  3(uy +dy)
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E12-09-002: Precise Measurement of SIDIS :

Is there CSV in the valence quark distributions?

HMS

+ 11GeV e~ beam

- 10 cm LD, target
* Tpeam =50 (25) /‘A
« SHMS — 7~ (7 )
« HMS — ¢

4.5 < p < 6.8GeV/c
12.5° < 6, < 20.2°

Q*=35GeV? — x=0.30, 0.35,0.40,0.45

Q% =51GeV? — x=0.45,0.50, 0.55,0.60

Q*=6.2GeV? — x=0.50, 0.55,0.60, 0.65

Each x setting has 4 z measurements:
z=04,05,06,07

Ry(l’,Z) - YDﬂﬁ (‘Taz)/YDﬂ(xvz)
4Ry (x,2) —1 1.7 < p <4.6 GeV/c
er;\)eas(*r'v z) = v ) == 4

(™
T—Ry(s,2) 10.7° < 6 < 20°

For each Q2 we have 16 equations and 8 unknowns: D(z;) and C'(z;
D(2) R(, 2) + A(z)C (l) B(z, )
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Projected Experimental Results

+ Will provide most basic SIDIS cross sections
+ Provide Important information about factorization.

- A straightforward SIDIS experiment in Hall C: don't have to go to 5
degrees.
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E12-09-002 Collaboration
Spokespersons: D. Dutta, D. Gaskell, and K. Hafidi'
+ D. Gaskell helped implement SIDIS in SIMC
- K. Hafidi has experience from CLAS and HERMES

- Argonne has a long history with Hall C and committed to the 12 GeV

physics program.
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Manpower and Analysis Readiness

Grad Students
« Frank Cao - U. Conn. / Argonne
+ Hem Bhatt - MSU

+ Whitney Armstrong - Argonne
- Mohammad Hattawy - Argonne

- Dedicated 1/2 postdoc (MSU) who will work on commissioning
SHMS and help run experiment

- Simulation tools are ready (SIMC)
« Tested in the 6 GeV Meson Duality SIDIS experiment
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