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Introduction Electroweak Physics PV-Møller PV-DIS

Parity Violation in Electron Scattering at Q2 � M2
Z

�γ Z

f

~e−

f

e−
Polarized beam on Unpolarized target

σ ∝ |Aγ + Aweak |2 ∼ |Aγ |2 + 2AγA∗weak + ...

ARL =
σR − σL

σR − σL
∼ Aweak

Aγ
∝ GF Q2

4πα
g

g = ge
AGT

V ± ge
V GT

A , depend on sin2 θW , kinem.

for f ≡ l± g ∝ (1− 4 sin2 θW ) < 0.05

Observable A ∼ 10−7 − 10−3, sensitive to:
Electroweak coupling: ⇒ CM tests
Magnification: sin2 θW ∼ 0.23 ⇒ δ(sin2 θW ) ∼ 0.02 δ(A)

A

Target structure ⇒ unusual FF, PDF combinations

E.Chudakov December 13, 2007 Symmetries at 11 GeV 3



Introduction Electroweak Physics PV-Møller PV-DIS

PV opportunities at 11-GeV

PV at 6 GeV
CEBAF is a perfect facility for PV

High polarization ∼ 85%

High beam current < 100µA
Low noise beam

Measured: Gs
Elastic e p, e 4He (HAPPEX, G0)
Coming:

Neutron skin 208Pb
e Pb → e Pb (PREX)
EW e p → e p (QWEAK)
EW e d DIS

PV at 11 GeV
Same polarization
Beam current < 100µA
Comparable noise

Higher energies:
A ∝ Q2 larger, but
σelastic suppressed by FF

Opportunities:
Møller scattering
DIS

Developed by: P.Souder, K.Kumar, K.Pashke, D.Mack,

R.Carlini, P.Reimer, X.Zheng etc.
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Introduction Electroweak Physics PV-Møller PV-DIS

Physics Goals

1 Precision measurement of sin2 θW at Q2 � M2
Z : CM test

(Møller)
2 Measurement of quark axial couplings C2q: CM test

(PV-DIS)
3 Electroweak probe of the strong interactions

(PV-DIS)
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Introduction Electroweak Physics PV-Møller PV-DIS

Couplings in electroweak theory

Constants

α(Q2)
Q2→0∼ 1/137 (µe)

GF ∼ 1.16 · 10−5 GeV−2 (τµ)
MZ ∼ 91.2 GeV (LEP-I)
Fermions/Higgs masses, CKM

Derivatives
Several renormalization schemes
Popular one: MS

Renormalization scale: MZ

Defined ŝ2
Z = sin2 θW (MZ )

Couplings absorb loops etc.
Running sin2 θW (Q2)

Weak dependence of ŝ2
Z on mt

Experimental goal: measure ŝ2
Z (Q2)

ŝ2
Z (Q2)

MS→ observables
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Introduction Electroweak Physics PV-Møller PV-DIS

Running of sin2 θW in MS

PDG 2007
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Introduction Electroweak Physics PV-Møller PV-DIS

Diagrams contributing to the sin2 θW running

Tree diagrams Loop diagrams

Main contribution:
f -loop

Box diagrams

“New physics”: SUSY, Z’, leptoquarks etc. may also contribute
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Introduction Electroweak Physics PV-Møller PV-DIS

Experiments: sin2 θW at Z pole

Most accurate measurements so far are at Z-pole. BUT:

Hall C Summer Workshop Kent Paschke - University of Virginia 17

How well do we know sin2θW ?

ALR AFB (Z→ bb)

sin2θw = 0.2310(3) 

↓
mH = 35 +26

-17 GeV
S= -0.11 ± 17

sin2θw = 0.2322(3)
↓

mH = 480 +350
-230 GeV

S= +0.55 ± 17

Rules out the SM!
Rules out SUSY!

Favors Technicolor!

(also APV in Cs) (also Moller @ E158)

• sin2θW improvements at hadron colliders very challenging
• “Giga-Z” option of ILC or neutrino factory: powerful but far future
• Is there any other method in the next decade?

“well measured” weak mixing angle
sin2θW key in global electroweak fits

• prediction for Higgs mass
• favors SUSY
• rules out Technicolor

3σ discrepancy with consquences

Pointed out by Marciano:

3σ deviation
AL(SLD) AFB(LEP)

σL−σR
σL−σR

σF−σB
σF−σB

~e−e+ → Z e−e+ → Z → bb

0.23098(26) 0.23221(29)
Higgs mass (GeV)

35+26
−17 480+350

−230
ruled out higher than

experimentally expected
also APV also E158

favors SUSY rules out SUSY
favors Technicolor

MH , SUSY may be found by the LHC
E.Chudakov December 13, 2007 Symmetries at 11 GeV 9



Introduction Electroweak Physics PV-Møller PV-DIS

Experiments: sin2 θW at low Q2

Technique process Target deviation from SM
Atomic PV γ polarization Coherent quarks −1.σ

133Cs from entire nucleus

NuTeV νA – DIS Uncoherent quarks +3.σ
CC, NC from nuclei discussed later

Møller E158 ~e−e− → e−e− Purely leptonic +1.2σ
cleanest interpretation

QWEAK (JLab) ~e−p → e−p Coherent quarks in future
from protons
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Introduction Electroweak Physics PV-Møller PV-DIS

Sensitivity to “New physics”

Erler, Kurylov, Ramsey-Musolf 2003

QWEAK E158QpW = 0:0716 QeW = 0:0449Experiment�0:0029 �0:0040SUSY LoopsE6 Z 0RPV SUSYLeptoquarksSM SM
Figure 3: Comparison of anticipated errors for QW (p) and QW (e) with deviations from the SM
expected from various extensions and allowed (at 95% CL) by fits to existing data. Note that the
two measurements are highly complementary. They would shift in a strongly correlated manner
due to SUSY loops or a (1 TeV) Z ′ and thus together they could result in evidence for such new
physics. In the case of RPV SUSY, the two measurements are somewhat anticorrelated. Finally,
only QW (p) is sensitive to LQs, while QW (e) would serve as a control.

In Fig. 2 we plot the present constraints on ∆C1u and ∆C1d, the shifts in the C1q caused by
new physics. They are derived from QW (Cs) [23], as well as the MIT-Bates 12C [18] and SLAC
deuterium [15] parity violation measurements. As long as ∆C1u and ∆C1d are almost perfectly
correlated, the result is an elongated ellipse. The impact of the proposed QW (p) measurement is
indicated by the smaller ellipse. The dramatic reduction in the allowed parameter space will be
possible because QW (p) probes a very different linear combination than the existing data.

In the next two Sections we turn to specific extensions of the SM, of which there are many,
and focus on three particularly well motivated types: gauge bosons, SUSY, and LQs. In doing so,
we emphasize the complementarity of the PV Møller asymmetry measured by the SLAC-E-158
experiment [24] which has comparable anticipated precision and (as a purely leptonic observable)
has a clean theoretical interpretation. Some new physics scenarios appear more strongly in the
semileptonic channel than in the purely leptonic channel and vice versa. The complementarity of
the two measurements is advantageous in attempting to distinguish among various new physics
scenarios and is summarized in Fig. 3.

12

”New physics”: at the 95% limit

Qp
W ⇔ Qe

W complimentarity

Qp
W may improve LQ limits

Sensitivity to THIS physics

Considerable improvement needed:
Reduce the errors ×1/5

E.Chudakov December 13, 2007 Symmetries at 11 GeV 11



Introduction Electroweak Physics PV-Møller PV-DIS

Combined constraints on New Physics

PDG 2007
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, R

q

asymmetries
MW
ν scattering
QW

E 158

Constraints on New Ph.
S,T ,U formalizm

T ∼ EW
self − EZ

self (Q
2 ∼ 0)

S ∼ EW ,Z
self (MZ )− EW ,Z

self (0)

New Møller experiment

Errors ×1/5:
Competitive with all combined!
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Introduction Electroweak Physics PV-Møller PV-DIS

Special sensitivity of PV-Møller

Assume σ(sin2 θeff ) = 0.00025

Physics Constrains

• Model independent: contact interaction (compositeness)
L = 4π

2Λ2
ee

[
ηLL(ψLγµψL)

2 + ηRR(ψRγµψR)2 + ηLR(ψLγµψL)(ψRγµψR)2
]

sin2 θmeas
W − sin2 θSM

W = ± π

GF
√

2
ηLL+ηRR+ηLR

Λ2
ee

Λ+
LL > 8 TeV ⇒ 15 TeV at 95% CL

Λ−LL > 16 TeV ⇒ 38 TeV

• Model dependent: extra Z ( 1 in SO(10) or 2 in E6)
1−4s2(obs)

W

1−4s2(SM)
W

= 1 +
M2

Z
M2

Z1

MZ1 > 0.7 TeV ⇒ 1.8 TeV

• Other: SUSY, doubly-charged Higgs etc., but no leptoquarks.
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Introduction Electroweak Physics PV-Møller PV-DIS

SLAC E158: PV-Møller

• Pulsed ~e − on 1.5 m long H2

• E=45-48 GeV,
√

s = 0.21 GeV
• L = 1.5 · 106 fb−1

• BG: ~e −p elastic, DIS
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P�3�/oUW5CJ\TILXo\,AD5^S�Mn5^MwP�3�/oAD5fMD4D\,3HcT5JS�MnQ�KTS�AkUWKj46GJ1,/2\,SBQ���/2S�MO5J4DKTC^MD/W\,S¦Kic,5JC�UW5^AkXdKT4�MO/2CJ3�U25JA@Q�/2sa3�A6GJ5JAw\,S�M
GxMOGrC^\,S�A�MO4D3H/2MOA¡K	cT5JC8QH5JA¡ILKNMOG^4D/WKT3=p�S�\,S[ILKT1,SHG^MO/2P�3H5JA�CJ\,IRIR5�UÈ�;KTU23�IR/WS�/23�IÉXo\,3�4�UW5JA�MO3H¤,KT3=p§\,3£U25
MD3�S�1,A�MObJSH5�Xo\,3�4¾U25JA@CJ\TUWUW/2I¦KgMO5J3H4DAJ9NÊf��5JA�Mk3�SH5�XH4DGJCJKT3=MD/W\,SB/WIRXo\,46MOKTS�MO5nKgÅdSLQ?��Gxc=/¨MO5^4¾P�3H5�U25JA¾X�46\=C^5JADA63�A
A63�4�UW5JA�S�\	¤,KT3=pjXo\,UZKT46/WA6GJA�Q�\,S�MËUÌ��KTA�¤=IRG^MD4D/25¾5JA6MËQ�5@UÈ��\,4�Q�4D5@Q�5�ÍH9;y,ÎÏc�/25JS�S�5^S�MÇC^\,IRX�4D\,IR5^M6MO465¾UZKqIL5^AD3�465
Q���3�S�5jKTA�¤�ILGxMO4D/25VQ�5_AD5^3�UW5^IL5^S�M�P�3�5^UWP�3�5JAjÐ	Ñ�Ò=Ó^9

��Ô2Õ�ÔÈ�dÔ�� �rÖË×ÈØ,��ÙËÚ[Û���ÜoÙËÝ�Þm×�ß���Ú
��K`CFE�/WCJKTS�5�I¦KT1TS�G^MD/WP�3�5e5JA�M¦C^\,S�A6MD/2MD3�GJ5�Q�5eMO4D\T/WAYQH/2Xaà,U25JA^9@¿@U2UW5�5^A6MLCJ\,S�Â^3�5§Xo\,3�4B\�CJC^3�U2MD5J4BUW5��d3=p
Q�5¦X�E�\TMD\,S�AYX�46\mcT5JSdKNS�MBQ?��/2S�MD5J4DKTC^MD/W\,S�ArQdKTS�A8UWK§CJ/2 �U25L5^MYQH5JAYQ�/¨s?G^4D5JS�MDA84OKi¤,\TS�S�5JIR5JS�MDARQH5¦¢|4D5^/WSdKT1T5

Measured at Q2 = 0.026 GeV2

APV = (131± 14± 10) ppb

Derived in MS:
sin2 θeff

W (Q) = 0.24030± 0.0010± 0.0008
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Introduction Electroweak Physics PV-Møller PV-DIS

PV-Møller at 11 GeV: feasibility

Rate and Asymmetry
σ ∝ 1/E , A ∝ E ⇒ FOM ∝ E

Requirements

Expected in CM MS:
s2

W = 0.2387 E158⇒ A = 160 ppb
11GeV⇒ A = 38 ppb

Required
δs2

W = 0.00025 ⇒ δA/A = 0.022

E158 stat:
δA/A = 0.05(Moller)⊕ 0.07(noise)
Assuming the noise at CEBAF ×0.1:
Time needed 4600 hours at 100µA
Real time: 1.2 year running

Systematic errors
E158: 4% from BG
Should be reduced by 10− 15
Challenges:

Rate(Mott)
Rate(Moller) ∼ const(E)

18% RL: Mott mimicks Møller

DIS BG is polarized

Summary

Time: 1.2 years at 100µA
Challenges:

systematic errors

target power

Unknowns: the LHC impact
E.Chudakov December 13, 2007 Symmetries at 11 GeV 15



Introduction Electroweak Physics PV-Møller PV-DIS

PV DIS Asymmetry

LeHadron = GF√
2

∑
i(C1i · jeA · j iV +C2i · jeV · j iA)

where i are partons (quarks)

C1q = 2ge
Ag i

V = −C1q ≈ − t3iL + 2Qeis2
W

C2q = 2ge
V g i

A = +C2q ≈ − t3iL(1− 4s2
W )

Cahn,Gilman 1978
Parton model:APV = GF Q2

2
√

2πα
[a(x) + Y (y) · b(x)]

Y (y) = 1−(1−y)2

1+(1−y)2 , y = ν
E , x = xBj

a(x) =
∑

i fi(x)C1iQei/
∑

i fi(x)Q2
ei

b(x) =
∑

i fi(x)C2iQei/
∑

i fi(x)Q2
ei

fi(x) - quark distribution functions

Isoscaler target
Deuterium:f (x) largely cancel

q± ≡ q ± q in proton

a(x) = 3
10 (2C1u − C1d ) (1 + Rs(x))

b(x) = 3
10 (2C2u − C2d ) (1− Ra(x))

Rs(x) = 2s+

u++d+

Ra(x) = u+d
u++d+

}
large x→ 0

APV (x ,Q2)/Q2 large x→ A(y)

Corrections from:
• s-quarks, sea-quarks
• target mass
• higher twists

Prescott 1979 s2
W = 0.22± 0.02 using SM
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Introduction Electroweak Physics PV-Møller PV-DIS

Measurements of the weak charges C1q, C2q

Existing measurements:

PV-elastic in e−p,d ,Be,C
at Bates, Mainz, JLab

PV-DIS in e−d , µ±C
at SLAC, CERN

Atomic PV experiments

Planned measurements:

PV-DIS in e−d at Jlab 6 GeV
(Hall A) x ∼ 0.3

PV-DIS in e−d at Jlab 12 GeV
(Hall C) x ∼ 0.3

Credit to P.Reimer et al

p. 5

FIG. 2: The effective couplings C1u, C1d (left), C2u and C2d (right). The future Qweak experi-

ment (purple band), combined with the APV-Cs result (red band), will provide the most precise

data and the best Standard Model test on C1u and C1d. The SAMPLE result for C2u − C2d at

Q2 = 0.1 (GeV/c)2 and the projected results from the 6 GeV PVDIS experiment (E05-007, Phase

I+II) [13] are shown. Assuming the SM prediction of 2C1u − C1d, the value of 2C2u − C2d can be

determined from the proposed measurement to ∆(2C2u − C2d) = 0.015 (red band).

E122) in the 1970’s served to establish the value of sin2 θW [14, 15] at sin2 θW ≈ 1/4.

Since this groundbreaking experiment, parity violation has become an important tool not

only for probing the Standard Model [5, 7, 8] but also for probing the structure of the

nucleon [16, 17, 18].

2.1. Parity Violation in Deep Inelastic Scattering

Prior to the SLAC E122 experiment, electron beams were used solely as an electromagnetic

probe of the nucleon because of the comparatively small amplitude of the weak neutral-

current scattering at low energy. A number of facilities (JLab, SLAC, MIT-Bates, Mainz)

have developed the capabilities to provide high enough luminosity to make studies of the

weak neutral current and its couplings feasible. The weak neutral current can be accessed
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Sensitivity to “New Physics”
PVDIS Møller

typical asymmetry A ∼ 700 ppm ∼ 0.03 ppm
concievable δA/A ∼ 0.5% ∼ 2%
sensitivity δs2

W/s
2
W ∼ δA/A× 0.5 ∼ δA/A× 0.01

s2
W measurement: δs2

W/s
2
W 0.00250 0.00025

δ(2C2u − C2d ) ∼ 0.01

Measure axial δ(∆C2) < 0.01

Sensitivity to:

Contact term (composit.)
L = ± 4π

2Λ2
eq
ηjeR · j

q
R ...

Λeq > 6 TeV (HERA: > 10− 25 TeV)
SUSY: (δA/A ∼ 0.2%?)
different superpositions

Strong interaction effects?

SUSY Kurylov, Ramsey-Musolf 2004

226 A. Kurylov et al. / Physics Letters B 582 (2004) 222–228

Table 1
Range of MSSM parameters chosen for computation of SUSY
radiative corrections. HerẽM denotes any of the gaugino masses,
sfermion masses or theµ parameter, whileAf denotes the triscalar
couplings that enter the off diagonal term in the mass-squared matrix
for scalar fermionf̃

Parameter Range

tanβ 1.4 → 60
M̃ (50→ 1000) GeV
Af (−1000→ 1000) GeV

scalar fermionf̃ :

(17)
(
M2

f̃

)i
LR =

{
mf (Af −µcotβ), Qf > 0,

mf (Af −µ tanβ), Qf < 0.

The lower limit on tanβ is derived from an analysis
of electroweak symmetry-breaking and direct bounds
on the lightest SUSY Higgs searches from LEP. The
lower bounds on the gaugino and sfermion mass
parameters correspond roughly to direct search lower
bounds on SUSY masses, while the limits onAf is
taken from naturalness bound.

For each parameter set, we compute the SUSY ra-
diative corrections to theCiq . In order to incorporate
what is known phenomenologically, we impose sev-
eral constraints on the acceptable parameter sets. First,
to avoid unacceptably large flavor-changing neutral
currents, we do not allow for generation mixing.4 Sec-
ond, we retain only those parameter sets that give val-
ues forS andT consistent with current constraints on
these parameters. As discussed in Ref. [18], neglect-
ing the non-oblique corrections to theZ-pole preci-
sion observables entails some lack of self-consistency,
but does not distort the qualitative conclusions.

In presenting our results, we follow the spirit of
our previous work and plot in Fig. 3 the relative
shift in A

eD,DIS
LR vs. the relative shifts in the electron

and proton weak charges. The weak charge,Q
f
W , of

particle f characterizes the effectiveA(e) × V (f )

neutral current interaction:

(18)LPV,eff
ef = − Gµ

2
√

2
Q

f
WA(e) · V (f ),

4 In practice, we have also taken the CKM matrix for quarks to
be diagonal. For the observables of interest here, this approximation
introduces negligible error.

Fig. 3. SUSY loop correction to the relative shift inAeD,DIS
LR (y = 1)

vs. the relative shifts in the electron (dark dots) and proton weak
charges (light dots).

Fig. 4. SUSY contributions toAeD,DIS
LR (y = 1) from δρPV (dashed

line), δκPV (dash-dotted line) and̂λ (dotted line). The solid line
is the sum of all the contributions toAeD,DIS

LR . The x-axis is the
common first and second generation slepton mass. The other MSSM
parameters are chosen to be tanβ = 10, 2M1 =M2 = µ= 200 GeV.
The mass for the squarks and third generation slepton are taken to
be 1000 GeV. Note that neutralinos and charginos are light, which

leads to a non-decoupling effect inAeD,DIS
LR even when squarks and

sleptons are heavy.

which can be measured in PVee and elastic PV
ep scattering experiments. In terms of theCiq one
has for the protonQp

W = −2(2C1u + C1d). In the
SM, the weak charges of the proton and electron are
suppressed, making them relatively transparent to the
effects of new physics.
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Lessons from NuTeV

Measured:

Paschos-Wolfenstein:

R− =
σNC

νN−σNC
νN

σCC
νN−σCC

νN
∝ 1− 2s2

W

Accuracy δR/R ∼ 0.2%

s2
W (meas)−s2

W (SM) ∼ 3σ

Lessons
Study the hadronic effects

Is it interesting by itself?

Assumptions (also relevant for JLab):

Isoscaler target (Z=A/2)

Include only light quarks u,d

Neglect heavy quark production
OK at Jlab

Assume isospin symmetry of PDF

No nuclear effect (shadowing, EMC...)

No higher twist effects

Small radiative corrections

No contributions outside SM
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Charge Symmetry Violation (CSV) in PV DIS

CS assumption
up(x) = dn(x) δu(x) = up(x)− dn(x)
dp(x) = un(x) δd(x) = dp(x)− un(x)

However:
• md > mu
• EM

PV DIS on 2H
δAPV

APV
∼ 0.3

δu − δd
u + d

QED splitting (MRST, Glueck)

6
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Search for CSV in PV DIS

Sensitivity will be further enhanced if u+d falls off more rapidly than δu-δd as x → 1

•measure or constrain higher twist effects at x ~ 0.5-0.6
•precision measurement of APV at x → 0.8 to search for CSV

Strategy:

•u-d mass difference
•electromagnetic effects

•Direct observation of parton-level CSV would be very exciting!
•Important implications for high energy collider pdfs
•Could explain significant portion of the NuTeV anomaly! 

u
p
(x) = d

n
(x)?

d
p
(x) = u

n
(x)?

For APV in electron-2H DIS: 
du

du

A

A

PV

PV

+

!
=

"""
28.0

! 

"u(x) = u
p
(x) # d

n
(x)

"d(x) = d
p
(x) # u

n
(x)
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Phenomenological Parton CSV PDFs

MRST Phenomenological PDFs include CSV for 1st time:
Martin, Roberts, Stirling, Thorne (03): 

Choose restricted form for parton CSV: 

Best fit: κ = -0.2, large uncertainty ! 
Best fit remarkably similar to model  
 CSV predictions  

MRST ADEL

[f(x): 0 integral; matches to valence at small, large x]

90% conf limit (κ)

Bag model

QCD Bag (Rodionov,Londergan,Thomas)
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Search for CSV in PV DIS
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Phenomenological Parton CSV PDFs

MRST Phenomenological PDFs include CSV for 1st time:
Martin, Roberts, Stirling, Thorne (03): 

Choose restricted form for parton CSV: 

Best fit: κ = -0.2, large uncertainty ! 
Best fit remarkably similar to model  
 CSV predictions  

MRST ADEL

[f(x): 0 integral; matches to valence at small, large x]

90% conf limit (κ)

Bag model

δu < 1%

δu/u
x→1
> 1%
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Search for CSV in PV DIS

Sensitivity will be further enhanced if u+d falls off more rapidly than δu-δd as x → 1

•measure or constrain higher twist effects at x ~ 0.5-0.6
•precision measurement of APV at x → 0.8 to search for CSV

Strategy:

•u-d mass difference
•electromagnetic effects

•Direct observation of parton-level CSV would be very exciting!
•Important implications for high energy collider pdfs
•Could explain significant portion of the NuTeV anomaly! 
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Phenomenological Parton CSV PDFs

MRST Phenomenological PDFs include CSV for 1st time:
Martin, Roberts, Stirling, Thorne (03): 

Choose restricted form for parton CSV: 

Best fit: κ = -0.2, large uncertainty ! 
Best fit remarkably similar to model  
 CSV predictions  

MRST ADEL

[f(x): 0 integral; matches to valence at small, large x]

90% conf limit (κ)

Bag model

Martin at al EPJC 35 2004
MRST fit CSV, using a form:
δu(x) = κf (x),
f (x) = x−0.5(1− x)4(x − 0.0909)
favors κ ∼ −0.2
κ ∼ −0.8 (CL=90% edge) explains NuTeV!
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Charge Symmetry Violation Measurement
P.Souder, talk on Oct 24 2006

7
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 Prediction (2004)

Blue curve:
Gluck, Jimenez-Delgado, Reya

+Thomas and Londergan

Oct. 24, 2006  Parity violation at 11 GeV at JLab             P. A. Souder

Higher Twist Coefficients in parity
conserving (Di) and nonconserving (Ci)

Scattering

)/)(1(),(),( 22

2

2

2 QxDQxFQxF DGLAP +=

! 

A
PV
(x,Q

2
) = A

PV
(x)(1+ C(x) /Q

2
)

(Does not 
Evolve)

Evolves according
To DGLAP equations

Higher Twist is
what is left over

Higher Twist is any
Q2-dependent deviation
From the SM prediction

Measure APV (x) at
0.5 < x < 0.7

Provide δA/A ∼ 1%

First direct CSV observation at parton level

Important input for high energy colliders

May explain a part of NuTeV anomaly
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Higher Twists

Credit to P.Souder

Higher Twists (HT): extra 1
Q2 terms, beyond QCD evolution

P concerving F2(x ,Q2) = F2(x ,Q2)DGLAP ×(1 + D(x)
Q2 )

PV DIS 2H APV (x ,Q2)/Q2 = APV (x) ×(1 + C(x)
Q2 )

Any APV/Q2 = A(Q2) - Higher Twists ⇒ simpler than F2 !

Anything special about C(x)?
Bjorken 78, Wolfenstein 78:
A ∝ 1− δ,
δ ∝ `µν

∫
〈D|u(x)γµu(x)d(0)γνd(0)|D〉eiqxd4x,

Only ud correlators are left: diquarks

Interest

Measuring a clean HT
operator

Role of diquarks (spin?)
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Borrowed from P.Souder

10
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Probing Higher Twist with PV

Sacco,
Ramsey-
Mulolf
preliminary

! 

A
PV

Q
2

! 

y

Looking beyond the parton descriptionPV Deep Ineslastic eD (J Lab 12 GeV)

~0.4%

E=11 GeV
θ=12.50

Different
PDF fits

Effect is small at x~0.2

Oct. 24, 2006  Parity violation at 11 GeV at JLab             P. A. Souder

Theory Error Budget to Interpret ±1%
Data

b(x)/a(x)~13%
0.3<f(y)<0.8

a(x)
Theory dirt must be <0.5%

Observe hadronic physics effects>3%
Background for electroweak studies

b(x)
Theory dirt must be <3%

Set new limits on the small C2’s

`Theory dirt’
includes unknown
and uninteresting

effects
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d/u at high x

Running on 1H:

APV =
GF Q2

2
√

2πα
[a(x) + Y (y) · b(x)]

a(x) =
3
2

2C1uu(x)− C1d (d(x) + s(x))

4u(x) + d(x) + s(x)

b(x) =
3
2

2C2uuv (x)− C2ddv (x)

4u(x) + d(x) + s(x)

a(x) =
u(x) + 0.91d(x)

u(x) + 0.25d(x)

Allows to measure d/u

• constrain higher twists
• up to high x

12
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Uncertainties in d/u at High x, and the
Errors we Would Like to Achieve with PV

Measurements
Deuteron analysis has nuclear
corrections (fixed by BONUS).

APV for the
proton has no such

corrections

Must simultaneously
constrain higher twist effects

The challenge is to get statistical and systematic errors ~ 2%

Effect of strange quarks??

Oct. 24, 2006  Parity violation at 11 GeV at JLab             P. A. Souder

Complete PV DIS Program (Including 12
GeV)

• Hydrogen and Deuterium targets
• Better than 2% errors for each point

– It is unlikely that any effects are larger than 5-10%
• x-range 0.25-0.75
• W2 well over 4 GeV2

• Q2 range a factor of 2 for each x point
– (Except x~0.75)

• Moderate running times

•With HMS/SHMS: integrates all of this physics 
•With larger solid angle apparatus: higher twist, CSV, d/u…
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Program of PV DIS Study

Strategy

Study hadronic physics first
Use the hadronic results to measure the axial couplings

Required precise kinematics and broad range

Two beam energies: 11,8.8 GeV
Measure AD in narrow bins of x ,Q2 with 1% precision
Study the AD(Q2) at 0.3 < x < 0.6 to constrain HT
Search for CSV with AD(x) in 0.5 < x < 0.7
Use x > 0.4, high Q2,Y data to measure C2q

Requires:
A large acceptance and high rate magnetic spectrometer
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DIS rates

1

2

3

4

5

6

7

20 25 30 35 40

Motivation: CSV, d/u, high twists
A ≈ 10−4 ·Q2 ∼ 0.7 · 10−3
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DIS rates

1

2

3

4

5

6

7

20 25 30 35 40

Motivation: CSV, d/u, high twists
A ≈ 10−4 ·Q2 ∼ 0.7 · 10−3

Kinematics and Rates

22◦ < θ < 35◦, W 2 > 4
50 µA, 40 cm LH 0.54fb−1s−1

Rate 35kHz X > 0.55
Rate 9.3kHz X > 0.65

acceptance = 100%, eff=50%

1% stat ⇒ 2 · 1010 events
X > 0.55: 13 days
X > 0.65: 40 days
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Requirements

Acceptance

Working at L ∼ 0.54fb−1s−1

E ′ > 1.5 GeV to remove low energy e−, π−

E ′ <∞ no line of sight, to remove γ (??)
σE ′/E ′ < 2% energy resolution
∆Ω > 0.3str solid angle
PID e/π ∼ 105

Trigger rate <20 kHz/DAQ

Is it possible?
If it were easy - would have been done somewhere
New detectors with high rate capabilities may help
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Spectrometer
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Conclusion

PV Møller
New precision tests of the Standard Model
Complement to the LHC

PV DIS
New studies of the hadron structure
Contribution to the SM
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