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Outline

e Determination of sin?0,

e Neutral current measurements
- parity violating electron scattering (PVES)
ee Moller scattering (SLAC E158, Jlab 12 GeV)
ep elastic scattering (Jlab Qweak)
- Parity violation deep inelastic scattering (DIS-parity)
- atomic parity violation (APV)
- neutrino-nucleus deep inelastic scattering (NuTeV)

probe new physics beyond SM
some QCD issue

e Conclusion
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Low energy precision measurements

e address questions difficult to study at high energy
weak interactions (parity violation)
e high precision low energy experiment available

size of loop effects from new physics: (a/n)(M/M,.,)?

- muon g-2: M=m, , 3" ~ 2x10-?, 5ex < 10-?
- B-decay, n-decay: M=m,, , 3"~ 10-3, & ~ 10-3
- parity-violating electron scattering: M=m,, , 6" ~ 10-3,

G - .
Lpy = —é'y”’yg,efq/ﬂf Qu P ~ 1-4 sin26,, ~ 0.1

v'1/Qy%? =10 more sensitive to new physics
v'need 5% ~ 102 ‘easier” experiment

e probe new physics off the Z-resonance
- sensitive to new physics not mix with Z
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Moaller Scattering
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- Coherent quarks
- Results in ~2009
- 2(2¢C,,+C,y)

Atomic Parity Violation

* Purely Leptonic

* Coherent quarks in entire nucleus
* Nuclear structure uncertainties
° -376 Clu - 422 Cld
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Q-Weak (JLab)

DIS-Parity

e e
yéz

- Isoscaler quark scattering

in P
* (2C,,-C19)+Y(2C,,-C5y)

Neutrino Scattering

VvV L A% A%

~_ N \/‘

= ==

* Quark scattering (from
nucleus)

- Weak charged and neutral
current difference

4
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Test of sin26,, running
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Precision of sin%0,, determination

Measurement Asin2@,,/sin%@,, Asin?@,,
Z-pole 0.07% 0.00016
0.5% Q,(Cs) 0.7% 0.0016
NuTeV 0.7% 0.0016
13.1% Q,(e)stAc 0.5% 0.0013
2.5% Q,(e)'e 0.1% W 0.00025
(on par with Z pole)
4% Qu(p) 0.3% 0.00072
0.8% DIS-parity 0.45% 0.0011
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Sengitivity to new physics scale

Ramsey-Musolf(1999) T j T
A: new physics scale o(1)

_ Ccourtesy of Carlini
Take 5§ Q,r=4% =\
E o .
A 1 3. e
9 \JV2Gr|6Qhy| = q I

i farn L il isiialiss | . Liaiis
0 | 2 3 1 5 6 7 f

Relative Error (%)

« probe new physics scale comparable to LHC
« confirmation of LHC discovery (couplings, charges)
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NC exp as a indirect probe of new physics

SM is a low energy approximation of a more fundamental theory

e SUSY: minimal Supersymmetric extension of SM (MSSM)
each SM particle <« differby 2 superpartner
- with R-parity : loop corrections
- without R-parity: tree-level contribution
e extraZ
- exists in extension of SM
- constraints from Z-pole observable (mix with Z)
leptoquark

extra-dimension ...
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Misc. model sensitivities (non-SUSY)

Courtesy of D. Mack

under construction

Experiment Z Leptoquarks Compositeness (LL)
M(Zy) M(ZR) M q(up) M (down) e-q e-e
(Tev) (TeVv) (TeV) (TeV) (TeV) (TeV)
Colliders .67 .80 1.5 “1.5"
(LEP2, CDF,Hera)
0.5% Q,(Cs) 1.2 *1.3 * 4.0 3.8 * 28 ---
existsl!
13.1% Q,(e) .66 .34 --- --- --- 13
existsl!
2.5% Q,(e) *1.5 77 --- --- --- *29
4% Q,(p) .95 .45 3.1 %43 *28 @ ----

scaled from R-Musolf, PRC 60 (1999), 015501
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Collider limits from Erler and Langacker, hep-ph/0407097




Moller and Qweak

2 e _
_c svbe F Lpy = —"‘g’r’“"}/ efvuf
Lpc 7 QeQrevefyuf PV /R 5%J

weak charge Q,f = 2gf, = 2 If; -4Q;s?
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Moller and Qweak

Qu’ (Qweak) Que° (SLAC) Q2 (Jlab)

QueP tree 1-4s2 -(1-4s?)

QP loop 0.0721 -0.0449

q? 0.03 GeV? 0.026 GeV2 0.008 GeV?
AR -0.29 ppm -0.131 ppm -0.04 ppm
exp precision 4% 13% 2.5%

& sin20,y, 0.0007 0.0013 0.00025

v clean environment: Hydrogen target
v theoretically clean: small hadronic uncertainties
v tree level ~ 0.1 = sensitive to new physics
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MSSM correction to weak charge

0.06 . .
- 2
Kurylov, Ramsey-Musolf, Su (2003) wa =P (ZTf3 - 4Qf K S ) + }“f
0.05 . :
< 0.04
= 0.03 " Qe and Qu?
g - lated
< correlate
n 0.02
3
& 2001 dominant : &x (<0)
SR =
negative shift in sin26,,
-0.01t 1 -
MSSM
~0.02 . ' '
~0.05 0 o 0.05 0.1

0 (Q;)SUSY/(QW)SM

S (QuPlsusy / (QuPdsm < 4%, 3 (Qw®susy / (Qu)sm < 8%
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R-parity violating (RPV)

- RPV operators contribute to Q%P at tree level
Kurylov, Ramsey-Musolf, Su (2003)

er €r

RPV 95% CL

No SUSY DM '°°P

SQPW Uy, Uy,

|
l
: MSSM
|
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I Future 2.5%
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. C 1 .
B e -0.2 -0.15 _081 0. 05 eo 0.05 0.1
e ! Vy (O‘w SUSY/ (Qw SM
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Correlation between Q,,° , Qw®

» Disﬁnguish new ph_YSiCS Erler, Kurylov and Ramsey-Musolf (2003)

+0 00%9 pr A QWe
o exp £0. +0.0052
e MSSM: - D } Distinguish

ia APV Qs
e extra Z': via ATV Qu
e RPV SUSY —
e leptoquark
SM SM

Combinations of NC exps could be used to distinguish various new physics
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Extract Q,F

use kinematics to simplify: at forward angle 6

GM 2 P Musolf et. al., (1994)
i .al.,
4\/§7roeq [ v ?
2
F ~ fﬁ(l + tp) i, @Quarks C’)(qﬁ) (’)(q4)
p

e measure F(0,q2) over finite range in q2, extrapolate F
to small ¢?
existing PVES: SAMPLE, HAPPEX, GO, A4

e minimize effect of F by making q2 small

e g2~ 0.03 GeV?, still enough statistics
=0 QPW / QPW I hadronic effects ~ 2 %

ArLr =
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QCD correction to ep scattering

Box diagram contribution to QWP Erler, Kurylov and Ramsey-Musolf (2003)
e p € P

suppression  non-calculable
Similar to nuclear pg-decay

_ Gr o [ (miy
v22r |\ A< ] 6%
AQCD < kIoop < O(mz)
|ICwl < 2 (CKM unitarity) non-perturbative

|Cyz| <2 ———— ) 65%

Total theoretical uncertainty ~ 0.8%
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DIS-parity: eD scattering

Longitudinally polarized electrons ©

e
on unpolarized deuterium target \/
— Cahn and Gilman, PRD 17 1313 (1978). :

Ad O, —OR ' )

o +OR
= - <3G/~LQ2 2014 — C14[1 + Rs(2)] + ¥ (202, — Coy) Ru(x)
Ta2v/2 5+ Rs(x)
3GuR<\ 2C1y — C1y4 -|- V (209, — Cpq) 25(2)  argex
a2\f x) + d(x)

uv(a:) —+ dv($) large x

R/ n2\ —_ 1
o= V= \/—Zq[ 7“75equq +v“e§7m5q]
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Sengsitivity to sin20,,

Cru=—3+ Zsin” (w)=—0.19, Ciq= 3 - g sin? (O )~ 0.35,
2 si

1
2
C2u: _% —+ 2 Siﬂ2 (QW) ~ —004, O2d: %

with sin® (Ow) = 0.23

’ g (1+Y)- (130 + 6Y> sin (ew)}

Large asymmetry
Q2% = 3.7 GeV?, A,;=0.0003
“Easy experiment”

d A A, = 0.8% — & sin? 0,,/sin%0,, = 0.45%
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n? (0w ) ~ 0.04.
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Ranges of Cy,, Cyy, Cyy. €24

DIS-Parity
at 12 GeV

DIS-Parity
at 6 GeV
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SUSY contributions
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Atomic parity violation

Two approaches

« rotation of polarization plane of linearly polarized light
. apply external E field = parity forbidden atomic transition

Boulder group: cesium APV 0.35% exp uncertainty wood et. Al. (1997)

atomic2sthueiudeviation (2002)
1% Bluadghgitaintetdttion2) & pepbvianko (2000¥ iRt neic kaPSige

L redicHEbing pofential, ¢ sodsenet ol (onuclarncaubstryatipe

via rRED dsgife- enetigydandeventerentt nuclear Spl:} dependent term
BenndR @MY {RIDANIReHe(Zr@R@RYm (260'%) ﬁ( & al. (: %%)OO 1)

and Wlem

we (exp) = -72.65 + 0.48  Q,(SM)=-72.09 (3) agree
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Sengitivity to new physics

»_Distinguish new physics

+ & Qy (Z,N)=(2Z+N) 5 Q" +(2N+2) 5 Qu¢

MSSM g gW: :g = 6Qy(2,N)/Q(Z,N) <0.2% forCs
W

5 QuwP d Qut 8 Qu©
° exp + 0.0029 + 0.0052 °
- MSSM: — D small
- extra Z': > sizable
SM SM

Erler, Kurylov and Ramsey-Musolf (2003)
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Outlook -- APV

« Paris group: more precise Cs APV

« Seattle group: Ba* APV 6S,,, - 5D;,,

. Berkeley group: isotope Yb APV

eliminate large atomic structure theory uncertainties
Ramsey-Musolf(1999)

( N N LN
\{V ) VA I A

0.2% uncertainties

comparable to QP in sensitivity to new physics
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NuTeV experiment

Y Yy S M
NC Z CcC
u,d i d d u
G, 2=(cu 2 d 2
L= —T;V’Y”(l — )V X @’m(l - 7)) f ’m(l +7)f)  Gur®=(e4 R)P+(e% p)
- ¢ A{; . O-(I/M]\v/v — Ll.u‘;)(;) 2 2 - Ué\g\\;;’ . O'(I/’u,j\/ — VM‘X) D 4= 2
iy cC VA vy 9L T TIR T COC T = ar Ty 9L T TIR
O N o(VulN — = X) OZN o(vplN = pTX)
1 og]\c; 1
re~ey — N —— AN —
r U,Sj]g 2

5Rv=-0.0033 + 0.0015 5R'=-0.0019 + 0.0026
exp fit: (g °ff)2=0.3005:0.0014, (gy°Ff)2=0.0310+0.0011
. SM EW fit: (g,f)2=0.3042, (g.=f)2=0.0301

S. Su
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NuTeV anomaly

5 .
9% = ep(u)? + ep(d)? = 55'”4 Ow

- exp fit (p=1): sin20,°n-shell = 0.2277 + 0.0016
+ SM fit to Z-pole: sin?0,o-shell = 0.2227 + 0.00037 (3 o away)

To explain NuTeV anomaly

* nuclear shadowing
Miller and Thomas (2002), Zeller et. Al. (2002), Kovalenkov, schmidt and Yang (2002)

- asymmetry in strange sea distribution

Davidson, Forte, Gambino, Rius and Strumia (2002), Goncharov et. al. (2001)
- isospin symmetry breaking

Bodek et. al. (1999), Zeller et. Al. (2002)
* QCD corrections

Dobrescu and Ellis (2003), Kretzer et. al. (2003), Davidson et. al. (2002)
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New physics explanation

Difficult !
« Supersymmetry: 3 R, ; > 0
Kurylov, Ramsey-Musolf, Su (2003), Davidson, Forte, Gambino, Rius and Strumia (2002)

x 107" . . . 10)(10_4

U= 95% C.L.

. ~
6f A2k1 (aL)_O

SR\: 3
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Conclusion

« precision measurements of sin20,, at low energy
- PV ee, ep scattering (E158, Jlab Moller, Qweak)
- eD DIS-parity
- APV measurements
- NuTeV

. consistency check of SM

. sensitive to new physics
complementary to direct searches

« combinations of several exp
= distinguish various new physics

« uncertainties caused by QCD
- extract from experimental measurements
- SM predictions

S. Su
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Talks in this workshop

@

Talk in parity violation

« K. Paschke: DIS-parity

« D. Mack: Moller Parity
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