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Introdction to Qweak

i

« Parity-violating elastic electron-proton
scattering at Jefferson Lab

« First direct measurement of the proton's
weak charge Q" (4% goal)

. New determination of sinZGW at low Q¢ (0.3%
goal)

e Sensitive to new PV electron-quark
interactions at the TeV scale

« Complementary to Atomic Parity Violation

(ratio of isotopes measures QPW if neutron skin is under control)
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Introduction

i

FLEMENTARY Electromagnetic Weak Vector
PARTICLES Charge Charge
NN T ' 12/3 2Cy,=1-8sin? 0y ~ 1/3
d -1/3 2C g=-1+2sin’ Oy ~ -2/3
uud +1 Qb, =1-4sin” By ~ 0.07
udd 0 Qpy = -1

(Gii = 2g58))
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Introduction

i

FLEMENTARY Electromagnetic Weak Vector
PARTICLES Charge Charge
NN T ' 12/3 2Cy,=1-8sin? 0y ~ 1/3
d -1/3 2C g=-1+2sin’ Oy ~ -2/3
uud +1 Qb, =1-4sin” By ~ 0.07
udd 0 Qpy = -1

(Gii = 2g58))

Q! suppressed in SM — sensitive to new physics

Katherine Myers (GWU) PAVI11 5-9 September 2011 3



Quark Couplings

i,

Qweak will fully constrain the vector quark
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* = SM prediction 0.12
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Weak Mixing Angle

i

+ Running of sin‘d_

2 .
051 . with momentum
B o — Urrern cllcl
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093 N : « Array of existing
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new physics
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New Physics

7 9 - A 9 7
Zz - ' / ? e 1 e ?
+ _-——< + _f——< + LQ:>< +
e \\p e .\\P P : P

RPC SUSY Generic Z' RPV SUSY Leptoquarks

Parameterize new physics with a nev; contact interaction in the Lagrangian:

Lyp = E\zem:se E mav'q g=coupling

A=mass scale

10,

Qweak (4%) —» ~2 TeV
with PVES

Atomic only
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Parity-Violating Asymmetry

Y T

—

Electromagnetic (PC) + Neutral-weak (PV) s(-)
Parity-Violating Asymmetry: Apy = (0, —o_) /(0. +0_)

—GrQ? [eGEGE + TGy G — (1 — 4sin® Oy )e' Gy G4

Apvip) = 75 e (Ge)? +7(Gm)?

Katherine Myers (GWU) PAVI11 5-9 September 2011



Parity-Violating Asymmetry

%

3 / e. ’/ o
s(+) p
Electromagnetic (PC) 4+ Neutral-weak (PV) s(-) p

Parity-Violating Asymmetry: Apy = (0y —o_) /(0. +0_)

—GrQ? [eGEGE + TGy G — (1 — 4sin? Oy )e' Gy GX
Apv(p) = 5 5
42 €e(Ge)" +7(Gm)
As Q% — 0, 0 — 0:
—GFQ?
A = ——— [Qf} + Q°B(Q?
pv(p) pE— [Qly + R°B(Q?)]
Leading order term: QY (E) B(Q?): contains GE,M* GEM which

are constrained by previous PC and
PV form factor measurements
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Parity-Violating Asymmetry

g
""" s(+) p
Electromagnetic (PC) + Neutral-weak (PV) s(-)

Parity-Violating Asymmetry: Apy = (0, —o_) /(0. +0_)

Apv(p) =

—GFQ? [eGE G;;Z + TGme,f — (1 —4sin? 0y )€ Gy Gf]
Aran/2 € (GE)2 + T (GM)2

As Q2 — 0, 8 — O:

Apv(p) = ;T Ff/pf [Qfy + @*B(Q?)] ~230 ppb.

Leading order term: Qf,, (E) B(Q?): contains GE?MT GE?M which
are constrained by previous PC and
PV form factor measurements
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Radiative Corrections
7

o
Several corrections: AsinZGW(M Z), WW and ZZ7 box - but these have small uncertainties

Focus on: yZ Box Corrections near 1.16 GeV

X K * In 2009, Gorchtein and Horowitz showed the vector
k - ko k - k hadronic contribution to be significant and energy dependent.

>

Rislow and Carlson 7 : 1@ q 1 | :ﬂ‘rq * . . . . .
¢ This soon led to more refined calculations with corrections

P - P p—‘—.—" of ~8% and error bars ranging from +£1.1% to +2.8%.

* Tt will probably also spark a refit of the global PVES
database used to constrain G¢s, 6,3, G,.

Blunden, Melnitchouk, Thomas (2011)

(V and A are hadronic couplings)

._.
[0

x 10°)
o

O

o
(
o
v

axial

i
DjZ(E)

o]
=
Q IIIIIIIIII-: t-_1..lllI|II III||||I1I|II IIII TTTTTET

only é
0.2
E(GeV)
*Does not include a small contribution from the elastic. For"rhcoming OXiql F'E'SL!HS for an have
** 5 7%xQ,P(LO) = 0.0026. Q,P(LO) = 0.04532. the potential to impact the
***Tnecluded in Q,.P. For reference, Q,P =0.0713(8). interpretation of Cs APV. 1
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Uncertainties

« Anticipated uncertainties with ~2500 hours of production

running:

Systematic:
Beam polarimetry

Backgrounds

Total:

Statistical (2500 hours)

Hadronic structure uncertainties
Absolute Q2 determination

Helicity correlated beam properties

AA /A,

2.1%

1.0%
0.5%
0.7%
0.5%

2.5%

AQ,/Q,,

3.2%

1.5%
1.5%
1.0%
1.0%
0.8%

(2]

0.3% on sin29W

Additional error of 1.1% - 2.8% from the yZ box correction to

Q" leads to an error on Q" 0f4.3% - 5%

Katherine Myers (GWU)
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OQweak Overview

i
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OQweak Overview

i

Cerenkov QTOR spectrometer

detectors \ —

Quartz
scanner

35cm LH,
Primary collimator target

* i" )J' lk (bgguﬁ“égn) '*

1
1.16 GeV

180 uA
85% pol.
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OQweak Overview

L
Serenkov QTOR spectrometer
detectors \ 2 35cm LH,
;é-‘ﬁ T Primary collimator target
Quartz Y T ‘ 1A f ‘ W plug -
scanner ‘ / / l - ‘ ‘ (beam :.-.-:;il
} > l‘ 1
e 1= k
: ."! [ - ‘

1.16 GeV
180 uA
85% pol.

Tracking System
for Q2 measurements:

(separate runs with <1nA) _ Region 3: Vertical J
_ trigger Drift Chambers Region 2: Horizontal

scintillator Drift Chambers
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Qweak Status

i
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Target Performance

i

« Talk by Greg Smith

World's highest power cryotarget

Low frequency noise onsets at
higher currents:

105
150 pA
20 pA

Amplitude [V/pA]
=
|

L AR AR

—
Q
-‘\l

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 50 100 150 200 250 300 350 400 450
Frequency [HZ]

—

Flip Rate: 960Hz
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7

Talk by Greg Smith

World's highest power cryotarget

arget Performance
g

Boiling Noise versus Current:

Current Scan @ 3.5x3.5 mm?” Raster

75""|"'| | LI L L
Low frequency noise onsets at N 0, 0.0 % 1242805 7 x73.000
higher currents: =
al 50 Runs 8862-8877 —
by - Jan 2011
u ‘D
z
10°F g _
— - 150 pA =
5‘- B 20 MA ﬁ
= o
2. =
%10-6_ T IR R N A TN T N TN Y AN TN T [N TN T Y SO B
:E i 60 80 100 120 140 160 180
o Beam Current (pA)
& i, "
Mt L L
100
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II . . .
0 50 100 150 200 250 300 350 400 450 Small contribution added in
Frequency [Hz] quadrature with statistical width
>
Flip Rate: 960Hz
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Detector Performance

i,

Talk by Dave Mack

- Preradiated bars to reduce low
energy backgrounds

Event Mode ADC Spectra: ~85 pe's:

File Edit View Options Tools Help
[ MD5+adc vs MD5-adc | hh
Entries 129391
— Mean 1305
4000 r Mean ; 1386
C RMS x 703.6
3500 — RMS y 783" <10
File Edit Wiew Options Tools E R =
3000 ]
| MD5Barsum g 1
8921 A 2500 — 3
- 2000 B
1200 — 1500~ 1
- 10002—
1000 __ 500?
— :‘..‘.H-H.w.lﬂuHHL.H.U.L..\\
300 . 07"""500 1000 1500 2000 2500 3000 3500 4000
600 —
400 —
200—
0 _I L L L | L L L L I L L L L | L L L L I L L L L | L 1 1 1.9 S | 1 L L L I
0 500 1000 1500 2000 2500 3000 3500 4000
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Run 182: Channel 8, Input voltage = 4.823 V |

3

3,

Number of quartets

3,

10

htemp
Enlries 207604
Mean 3168810
RMS 2301806
i ndt 418772
Conslant 13422404 130

Mean  -5.847e-10 1.
Sigma 2297106 +

4.214e-09
' 784e-09

5
Quartet asymmetry in channel 8 ADC readout

0

5

10

. Battery noise tests of electronics chain:
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Detector Performance

« Talk by Dave Mack

- Preradiated bars to reduce low
energy backgrounds

Event Mode ADC Spectra: ~85 pe's:

File Edit View Options Tools Help

[ MD5+adc vs MD5-adc | _hh
Entries 129391
e
C RMS x 703.6
3500 RMSy  783|| = 10
File Edit View Options Tools 30005_ -
| MD5Barsum g 1
8921 A 2500~ q
B 2000 -51
1200:— 1500 E
- o . Battery noise tests of electronics chain:
1000 —
B 500; __Run 182; Channel 8. Input voliage = 4.623 V| ——flemp
800 Oy 5500001500 20002500 30003500 4000 " peon im0
: g 1 04 ii::"ﬂn' |.342E"NI:: f;;l
= 7 Semo_ooure0s 2o i
500_— 5
- &1¢°
400 — .
- (2 orders of magnitude better
200 than track counting statistics)
- | | | | | | | 10
O —""500 1000 1500 2000 2500 3000 3500 4000
1..HH|H‘.\H..\H.‘m..m.ﬂdﬁ

-10 5 0 5 10
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Tracking Pertformance

i

 Region 2 and Region 3 Drift Chambers at ~50 pA

Entries 5226

“F preliminary (s ozers Electron Profile at Detector
100(—
- expected  7.9° Simulation
o measured T7.8°
60—
ol
20
- | Region 3 Projection:
%8s w1 o5 02 025 -
0 (rad) | —
Ligd Te .;:-_'_ R L i =
Entries 5226 el L ; e
RMS  001dse b H
250 — i :
200 expected  ().026 ! i 5
- measured  ().0260)4 ‘ E
150 — 1
L 1 1 1 1 17
100—
50 Position Resolution
- o Region 2: 350 microns (software work underway)
O D0z 004 006 0.08 0.1 042 014 0.6 018 0.2 Region 3: 250 microns (meets design gO&lS)
Q*(GeV/c)®
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Polarimetry

i

« Talk by Amrendra Narayan

95

90

abs(Pol) (%)

85

80

Katherine Myers (GWU)

Moller Polarimeter:
invasive measurement

-® [HWP=OUT e I[HWP=IN

: Preliminary

@

u ¢

SR H% i gé

| ;5 55

| ifﬁ .

n i g

SRR B B
E ,E E E E E.E. =EE==E =
4: & & LB RIREZ
20 40 60 80 100 120

Date (in Jan. 2011)

~ 100 p

Polarization (2%

Compton Polarimeter:
runs continuously

Only Stat. Errors are Shown

M«W‘*E

B Voler
0 Edet

. Preliminary

Run

Polarization of 86%-88% achieved, systematic analysis still underway
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Data Quality

g
 Understanding the asymmetry width Error: RMS/sqrt(N)
Asymmetry measured in quartets at 240 Hz: +--+ Oor -++-
MD Asymmetry :: Blinded (60 ppb box) :: Not Regressed | Entriesm = |
4000 Mean 0. We get a 1 ppm measurement
- RUS 2 every 4 minutes!
35001
2snnf—
20000
1500
1uuuf—
500/
ob L A I B Ll
-1000 500 0 500 1000
asymmetry (ppm)
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Data Quality

g
 Understanding the asymmetry width Error: RMS/sqrt(N)
Asymmetry measured in quartets at 240 Hz: +--+ Oor -++-
MD Asymmetry :: Blinded (60 ppb box) :: Not Regressed | _— h1 93341|
4000 Mean 0. We get a 1 ppm measurement
- RUS 2 every 4 minutes!
3500
3000;_ _ Accounting for the width: 170 pA
2500
- pure counting statistics: 215 ppm
20001 + detector resolution : 232 ppm
1500 + current normalization
- and target boiling: 236 ppm
1000—
5002—
N O Y S M-~ R ——» Well understood
-1000 500 0 500 1000

asymmetry (ppm)
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Data Quality

i

« Slug Plots: 8 hour blocks of slow helicity reversal

uncorrected, unregressed, 60 ppb blinding box! * in
5 8 — <|n>
06 E_ % " out
™ ; IIIIIIIIIIIIIIIII + IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII * IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII (out)
2.2 ;_ .......... %.....................................{ .................................... ¥....................................}: ........
a a o S|ug

Multiple methods for removing helicity correlated
uncertainties through slow reversals:

IHWP: reversed each slug ~ every 8 hours
Wien flip: reversed 6 times over course of Run 1 (fairly new)

Katherine Myers (GWU) PAVI11 5-9 September 2011
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Helicity-Correlated Beam Properties

i

Run 11781: Main Detector Barsum X-Sensitivities (ppm/mm) for Qweak Target: LH2, 164.7 uA, 4.0x4.0 mm

parameters can lead to

. . . Ezntries 19713 Ezntries 19712 Eznlries 19712
Detector sensitivity to ¢ ————— g 28| g @i o g ma
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H u:
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oo : i Prob 0.06607 E E : %2 I ndf 32.47 136 1500: : : . Prob 0.1573
s :oph 0.1712 + 4.7947 E E iopl 3.162 + 4.868
Detector asymmetry 800 B Mesriss| el Prob 06372 = ¢ PY e ane
S00f — # po 0.373 + 1.786 Boof . .
VS - TVTL SN RO SRS TR SO (e 2 p1 940.1+ 187.3 g r
e ies : 5 : : ot
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.. . of-- - e e -500f- g
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Y11 | VOO OUURUUOR. ~UEEUURCARRRURIOE NESUURRUOY U3 NOSPOOON
-800 ERRY | jooeereeeeees oo E i i I L i C i i i 1_ i
-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04 -0.04 -D.02 0 0.02 0.04
S ]. O p e S BPM JHOSEX [mm] BPM 3H09BX [mm] BPM 3HOZBX [mm]
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: : _ ¥2/ ndf 35.6/ 36 = - : _ ¥?/ ndf 30.49/ 36 = : - _ y? I ndf 29.32/ 386
1E|:|u e FrocnesemsEnaghasemsenaEaaaE Prob 0.4873 iuu F : g ! Prob 0.7279 1500 - g H Prob 0.7771
S C i po0 7101+ 4.805 = T i po -5.423+ 4782 5 C B H i p0 0.4443 + 4.8177
-@uu F fopt -5368 + 505.8 %nuj - pt 203.4 + 505.6 = F Cop1 4797 + 503.4
F i ; ; F : B Boo I i i i 7
Acorr = OA) Ay = it R
corr — Luji=1\ dx: I : o :
/ of i 200f 4 500[
S d y yf E s00f f ______ 0% 1000;
1 T 1 r ] -600: L
E i | | | <800 i i 1500}
-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04

BPM 3HOSBX [m)

2
=
2
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Regression/Beam Modulation

i

« Different methods to extract sensitivity slopes

Run 11400: Hall-C BPM X Response of Modulation Signal FGX
Hall-C Beamline OPTICS i

T I TTT
SIR.

e.X. Beam Modulation:
deliberate modulation
of the beam using pair
of coils

=
o]
&

IIII|IIII|IIII|IIII|IIIITIIII|IIII|IIII|IIII|IIII
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Posltion Differences [mm]

1 5 »Target

B B B s . 0,0%

Measure detector response:

hkat3

10402

- 0.15

==
oh

fd:%diéfﬁ| [ |fc??i|mi "'i“
5000 2000 2000 0
Z Location from Target [em]

[P 0.2
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3
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E

WD Geld u?mﬁm} ]
“h%;
B

| 8
ot
[ = ..
=

:Z%b%

[0 1500 = RO 4 25

10000
0.032

Regression uses natural beam motion to extract slopes

500 1000 1500 2000 2500 3000 3500 2000
Tamp
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Helicity-Corre

lated Beam Properties

e _ inL
.'>__' 2{;;_ xX. &
) - i
% A= . . . ¥ = outR
Sl 20 o
=
© _4n__ ............ e O e e o i e L e S e e o A PR S
-60 E—
USROS TTUURNTDUNTPON . DIR—
1 2 3 i —
Wien
Property Proposed Specification Run | Achieved
(preliminary)
Charge Asymmetry (ppm) <0.1 0.008 £ 0.015
TargetX Differences (nm) <2 3.9+£05
TargetY Differences (nm) <2 -5.7+£0.5
TargetX Slope Differences (nrad) <30 -0.11 £ 0.016
TargetY Slope Differences (nrad) <30 -0.002 £ 0.016

Katherine Myers (GWU)
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Ancillary Measurements

i,
 Transverse Asymmetry

- Large, parity-conserving asymmetry (ppm level) that leads to a false
asymmetry due to residual transverse polarization and broken
azimuthal symmetry

- Dedicated measurements with purely transverse polarization

- Preliminary data quality is good; correction considering transverse
contamination and broken symmetry will be small (ppb level)

= IHWP-IM

= IHWF-OUT

= IN+OUT

Preliminary

Q

MD BAR SUM Asymmetry

Octant

Katherine Myers (GWU) PAVI11 5-9 September 2011
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Ancillary Measurements

 Backgrounds Measurements Ameasured _

i

4% DS Aluminum Asymmetry

January 2011 Unregressed Data

Preliminary

MD Asymmetry (ppm)
=
|
——

: . .

® [HWPOUT
m [HWPIN

Katherine Myers (GWU)

Total Asymmetry by [HWP Setting

PAVI11 5-9 September 2011

I I I I I I I I I
1 2 3 4 5 O 7 8 9
. Slug Number
g | | | |
=
— | | ¥
g
) S i S -
g
b~ [ ]
- Preliminary | | |
= ouT IN OUT + IN ouT - IN

Measured Dilution Factlor

P

(1 o f)Ae-p + fAbkgd.

Aluminum Target Windows:

0.06

0.056 |

0.052 )

0.048

0.0:44

0.04

0.036

0.032

0.028 |

~3% dilution
~20% correction due to

few ppm asymmetry

Dilution Factor: Dependence on Gas Density

Preliminafy

0.0012 0.0016

Hydrogen Gas Densily (g/cm®*3)
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Ancillary Measurements

i

 Backgrounds Measurements Ameasured _

P (1 o f)Aep_l' fAbkgd.

N »>A Asymmetry: ~0.1% dilution, ~1% correction

— G 0)?
Apy — FQ

= —F= A + Ay +

[

Does not have to vanish in Q°» 0

QTOR Scan to benchmark simulation:

LH2 QTOR Scan: Normalized Rate versus Field

Comparing Tracking Mode Scaler Rates and Simulation

0 1 1 I 1 1 1 I 1 1 | -
i = MDIBAR (stat. error only) data‘
T EXpeCted error bar = L — Simulation - Total
.5 — — Simulation - ep elastic
| - - T B — Simulation - ep inelastic x10
) = i —— Simulation - eAl elastic and quasielastic x10 Total
G Teell - Simulation
2. e ~ S~ & Of ﬂ
\E-’-' = b = - S - — 9 B . .
% S ~el ~— 71 3 7 Sim: elastic
5 TR S (- S
< — d__\:[]gu .......... Tl E : . . .
| |- - g5, 1 £t Sim: inelastic peak (x10)
= d4,=50g E B
c= d=T5g = B ]
. d::lllllgﬂ z [ Sim: e+Al
ank(dnllcd bar = 1 day, solid = 2 weeks) - (X]_ O)
i —
‘10l ' ' ' L ' ' ' L ' . ' A e S HU BT e e SN
0 0.01 5 , 0.03 6000 6500 7000 7500 8000 8500 9000 9500
Q (GeV) QTOR Current (Amps)
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/

Outlook

e Statistics: 0% 1 \
—Runl —Run2:70% —Goal —Run2:50% —R 4¥6| X
; \ end of run
2% T \ a0% | \ 30% efficient
: g;s% | \\\\ ./, |500/
20% < 1[70% PPAN] -
| < I \ \
L\‘ < 30% “ \\ \k/ ~
— 15% | Summer 25% | S~
S | S~
> Down ~ y !
pX 1 ;7790 A S U U ———————"—
<\E 10°% i \ 100 128 156 184 212 240 268 296
% ° \\ Calendar day of scheduled beam
R R
5% |
==l P Statistical
- goal = 2.1%
Hh-——--—i1———————k—————————
0O 28 56 &4 112 140 168 196 224 252 280 :
i of o We're on our way!
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Summary

e

First Commissioning Beam: July 2010
Commissioning Run: Fall 2010
“Run I” : Jan-May 2011
“Run II”: November 2011 - May 2012

Some teething pains:

- downstream beamline vacuum, target pump, 10 kA magnet power supply

But many more successes:

- P? * I exceeds proposal (150-180 pA, 86-88% polarization)
- all critical subsystems fully commissioned

- several preliminary ancillary measurements complete (each valuable and
competitive on its own)

- have 24% of proposed statistics on hand

- no show stoppers found: well prepared for Run II of Qweak which will
start in November

Katherine Myers (GWU) PAVI11 5-9 September 2011
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Thank You!

I
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Radiative Corrections

i

vZ Box Corrections near 1.16 GeV
A Partial Bibliography

Aex\/p GH Gorchtein & Horowitz,
(vanishes as E=0) PRL 102, 091806 (2009)
SEMT Sibirtsev, Blunden, Melnitchouk, andThomas,
PRD 82, 013011 (2010)
RC Rislow & Carlson,
PRD 83, 113007 (2011)
GHR-M Gorchtein, Horowitz, and Ramsey-Musolf,

PRC 84, 015502 (2011)

VexAp MS Marciane and Sirlin,
(finite as E=0) PRD 27,552 (1983), PRD 29, 75 (1984)
EKR-M Erler, Kurylov, and Ramsey-Musolf,
PRD 68, 016006 (2003)
BMT Blunden, Melnitchouk, and Thomas,

PRL 107, 081801 (2011)
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Electroweak Radiative Corrections

Source [:}pw akUI"ICEFTElthy Owip)=Lpywct+ ALl _4Sin2éw(0)+ﬁé]
v , ° Ot Dot Oy

A sin 8y, (M) +0.0006

i};—?no; Q) +0.0003 Erler, Kurylov, Ramsey-Musolf

W hadroni +0.
WW, ZZ box - EHSCD +0.0001 PRD 68(2003)016006.
Charge symmet 0
g y ry (C' f preak ~ 007 )
Total +0.0008
y

Estimates of Zy box diagram on Q~,,.. (at our kinematics)

Gorchtein & Horowitz ~ 7%
Phys. Rev. Lett. 102, 091806 (2009)

Sibirtsev, Blunden, Melnitchouk, Thomas 6.6 *1'5%_0_6%

Phys. Rev. D 82, 013001 (2010)

Rislow and Carlson 8.0+1.3%
arXiv:1011.2397

Gorchtein, Horowitz, Ramsey-Musolf 7.6 £2.8%
arXiv:1102:3910
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Sensitivity to New Physics

i

Different experiments sensitive to different extensions

Lab SLAC E158 (complete)
Qr, = 0.0716 -Q<, = 0.0449
: Experiment —e—]
i_' SUSY Loops i_"
T £, Z' ——
_i—' RPV SUSY *ﬁ:
1 "~ Leptoquarks i
SM SM

RPC SUSY Generic Z' RPV SUSY Leptoquarks
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Constraints on New Physics

i

Parameterize new physics with a new contact interaction in the Lagrangian:
2

PV 8
= ————¢€ 5€ E h
Arbitrary quark flavor dependence of new phy31cs

V = COS Bh hd = 8In Bh

Qweak (4%)
with PVES

o0 | ¥' Atomic only

O T T R¥ 2IJT
2 2

6
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Parity-Violating Asymmetry Extrapolated to Q2=10
(Young, Carlini, Thomas & Roche, PRL 99, 122003 (2007) )

g
Divide out leading 0.4,
Q? dependence: | o
03¢ weak
A;U P PDG ; SAMPLE - I — i
LR — weak 21 \
2 2 ‘Q"h'] 4 HAPPEX
+ B (Q )Q = A Dashed line includes
01 theoretical estimates ol
+ .. SM—™—— % anapole form factor of
[ nucleon (only small
ﬁ difference at low Q2)
| Young, Ross, et. al. PRL 99:122003,2007

Q pweak

A = A P + Ahadranfc + Am:r‘a.!

Qw

0

=- 017 ppm - 0.07 ppm -0.01 pprn\..
ha}rnnic:

(31% of asymmetry)
contains Gr _, G,
Constrained by
HAPPEX, G° MAMI PVA4

Katherine Myers (GWU)

005 0.1 015 02
O” (GeV?)

axial:

(4% of asymmetry)
contains G=,
large electroweak
radiative corrections
Constrained by G°
and SAMPLE

PAVI11 5-9 September 2011
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