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PVDIS as a tool to measure flavor (p target) and
isospin (d target) dependence of nucleon PDFs

Formalism assumes leading twist (parton model)
dominance

— Q2—>oo

Experiments at finite kinematics (Q° ~ 5 — 10 GeV?)

— how large are finite-Q° corrections?




B Lagrangian for parity-violating lepton-quark interaction
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LY = —;[ey“YSe(Cluumu + C1,4dy,d)
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+ ey*e(Cy ity ysu + Cyudy, vsd)]

with electroweak couplings (at tree level)

Ciu = 85 8% = —5 + 3sin’Oy,
Cia = 85 - 89 = 5 — 3sin’Oy,
Cr, = 85 - 84 = —5 T 2sin’6y,
Cog = g5 - 84 = 5 — 2sin?0y,.




B Asymmetry between left- and right-handed inclusive
electron-nucleon cross sections
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— for Q° < M}, numerator sensitive to y-Z interference only

—> denominator dominated by e.m. component



In terms of structure functions:
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— Y] 3 parameterize dependenceon y =v/E
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In terms of structure functions:
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B At leading twist, electroweak structure functions given by PDFs

—> electromagnetic

FI@) = e ao) + 00),
q

FJ(x) = 2xF] (x),

— interference

FY%(x) = Y e,g%(qx) + g(x)),
q

FY%(x) = 2xF7*(x),
FI*(2) = 23 e,84(q(x) — 4(x))
q




B PV asymmetry in terms of PDFs

G 2
APV = _(4\/%?ra)(Ylal + Y3a3)

(hadronic) vector term (hadronic) axial-vector term
2zeqclq(q + q) 2ZeqC2q(q o é)
q q
a - as = =
L 3elg+ 9 Yei(g+ )
q q

— simplified y dependence |y, — 1,

1-(1-y)?
14 (1—y)?




Importance of axial-vector term

Bjorken limit




Importance of axial-vector term
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R'=0, r*#1
full

Bjorken limit




Importance of axial-vector term

+ 20%

R'=0, r*#1

full

—» hadronic axial-vector term relatively
more important at finite ()°

Bjorken limit




Proton target

B sensitive to d/u ratio at large x
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Sensitivity to d/u
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Sensitivity to R
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relative change
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—>» uncertainty due to R’ smaller
than d/u differences at large x




Sensitivity to R7“
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—>» correction from R?% needs
further investigation



Deuteron target

B isoscalar target, dependence on PDFs cancels at large ()°

|
O\ nlOn

(2C1u o Cld)

af
ai = %2C,, — Cyy)

— PV asymmetry becomes independent of hadronic structure

APV = — 3G Q" [Y,(2C,, — C;,) + Y.(2C,, — C,,)]
_ 10\/:2-770 1 lu 1d 3 2u 2d

—> sensitivity to electroweak couplings an important early
test of standard model



Sensitivity to R
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—3» correction < 1% for x < 0.8
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Sensitivity to R
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—» potentially important uncertainty
in asymmetry from R4



Constraints on R4

at large Q?, perturbative QCD predicts R? ~ R"*

in limit Q* — 0, conserved vector current requires R”, R7? — 0

cf. R #0 in Q> — 0 limit, since axial current not conserved

Kulagin, Petti, PRD 76 (2007) 094023

in intermediate (2 region, interpolate R7? between
pQCD and (axial) vector meson dominance behaviors

Kulagin, Hobbs, WM (in progress)



Charge symmetry violation

B define quark distributions in presence of CSV

u=uP—6u— n+6u 5 2
B T P Kl
d=dp—%— n_l_y od = dP —u"
2 - CSV PDFs

K. Kumar

B PV asymmetry then depends on a¢ = g%® + §CSV)qd

agl — ag(o) + B(Csv)a‘;

6 Vaf _ ( 3  2C,, +Cy )(6u — ad)

—— +
. d(0) ~
fractional CSV al 10 2(2Cy, — Cp)/\ u+d

COI"I‘eCtion 6(Csv)a§1 - (_ 3 n 2C2u + C2d )(61‘ - 6d)
al© 10 2(2C,, — Cop)/\ u+d




Sensitivity to CSV
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—» ‘“best fit” CSV effect could be

smaller than uncertainty in R” & R7*

—>» need larger Q° to reveal (leading twist) CSV



CSV vs. finite-Q?
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CSV vs. finite-Q?
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—>» if CSV ~0.5%, optimal value x ~0.6

—> if CSV larger, could be visible at larger x



Target mass corrections

B Additional corrections from kinematical Q*/v* effects

—

“target mass corrections’” (TMC)

B Important at large x and low Q°

—

but not uniqgue — depend on formalism
(e.g. OPE, collinear factorization)

most implementations exhibit “threshold problem”
Flxr=1)#0

uncertainties not overwhelming, except at very large x

2x
1+ /1 +4M?222/Q?

new scaling variable § =




Operator product expansion

/d4:13 e CT(N|T(J*(x)J"(0))|N)
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Georgi, Politzer (1976)



Operator product expansion

/d4:c e CT(N|T(J*(x)J"(0))|N)

— Z (_g/Wqﬂlqm + guulqvq,uz + quqmgl/ug + guulguug Q2)
k

22k
quu,B ¢t q'LLQk —AQkH,u/l“'/JLQk:

Q4k

W—j/ local operators

<N‘OM1"'M21<: ‘N>

HMl’“HZk = Puqr """ Puay, — (g,u'i,uj terms)

k :
(2k — 7)! .
(—1)7 = "g---gp---p traceless, symmetric
2 (2k)7 rank-2k tensor

j=0

Georgi, Politzer (1976)



n-th Cornwall-Norton moment of F, structure function

MM (Q?) = /d:z: R Fg(az,Q2)

S <M2>j (n+J)! Ap2;

=\ @) jin—2)! (n+25)(n+2j - 1)

/

75 =0 = parton model

“quark distribution function”

= A, :/0 dy y" F(y) F(y) = F(y)




B take inverse Mellin transform (+ tedious manipulations)

=P target mass corrected structure function

52,0 = L p(e) + 62T / i€ F ()

r Q% rt

M4 4
+12——/ d¢’ /dg”F ¢

{ = r=+/1+4x2M2/Q?



B take inverse Mellin transform (+ tedious manipulations)

=P target mass corrected structure function

5 2 M2 3 1
/ /
T Q)= 5EE + 6y [ de )
massless limi M4 4
Georgi-Politzer fUFIICtioln t 12——/ df / dfﬁ F //
prescription !
for TMCs
21
£ = r=+/1+422M?2/Q?



Threshold problem
B if F(y)~(1—y)° atlarge y
then since {=¢(z=1) <1
=p [({H) >0

is this physical?

=P several (partial) attempts to circumvent problem
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Target mass corrections
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—» additional uncertainty, increases with xz/Q2



Summary & outlook

B Sources of Q% dependence identified and quantified

— can mask sought-after signals at finite Q°

B Largest uncertainty in interference L/T ratio R7
— theoretical study ongoing

— empirical constraints?

B Target mass corrections

: 2/12 .
— corrections scale as /@) , involve some uncertainty

B Higher twist effects

— studied by several authors, need revisiting



Summary & outlook

Thanks to Krishna Kumar & Paul Sauder

for motivating this study







