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Outline

» Parity Violating Electron Scattering (PVES)
overview

» Testing the Standard Model (SM) with PVES
- Qweak, SoLID-PVDIS and MOLLER

* Nuclear structure physics with PVES
- PREX/CREX

 PVES as a probe of nucleon structure
- SoLID-PVDIS EMC proposal
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Parity Violating Electron Scattering

| MEM — c; Q1 JEM
Te _(TF
NC __ L LH NC NC
M 2_\5(0\1# + g PP (INC 4+ NS
. Differential scattering cross section,
fll_g wc [MTetal|2 o | \[EM |2
il
Due to PV nature of the neutral ’
current, the differential cross N e N
section Is dependent on the PN B T TN
helicity of the electron ‘
. . . 1~R 1L
The difference in helicity do™ do V[EM . \[NC
correlated scattering cross Apy = -4 df N
section is known as the PV dfo 4 d;’ro IMEH
adl (@Y

asymmetry,

11/10/15 UVA Physics Seminar 3



PVES Applications

» Testing the Standard Model (SM)

- Qweak (e-p), MOLLER (e-e), SoLID-PVDIS (e-q) <=
experiments

e Nuclear Structure

- Neutron density measurements with PREX/CREX =
experiments (e-206Pb and e-4¢Ca)

 Nucleon Structure

- EMC with SoLID-PVDIS experiment using e-48Ca P

- Strangeness in proton (HAPPEX, GO experiments) and
etc.
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PVES Historical Significance

« Confirmation of the EW SM from the first PVES
experiment at SLAC by Prescott et. al.

* First measurement of parity-violation in the neutral
weak current!

- Which they found the weak mixing angle to be around 1/4 that
amount to a small axial vector(e) X vector(f) weak neutral
interaction!
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Unique Nature of a PVES Experiment

* The Injector + Accelerator + Apparatus or “The
Whole Machine” becomes parts of the
experiment

 Complete understanding of all the backgrounds
IS the key to successful PVES

* Monitor PVES asymmetries real-time to find
Issues and fix them

- No second chance at offline after the experiment
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How to Do A PVES Experiment
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PVES Progress

Looking to Future : Technical

S Pioneering
ChallengeS : «| ® Nuclear Studies (1998-2010)
107F o s Study (2003-2012)
. . r ® [Future
« Statistics !
107 F
- High rate, beam polarization, :
beam current, high-power target, large _10°E
acceptance detectors 2 F
< i
e Noise “© 107
- Electronics, target density 10_3‘_'_
fluctuations, detector resolution Z
« Systematics 10°E
- Helicity-correlated beam asymmetry ok sl il s v s el i
(false asym.), backgrounds, precision "% j0¢ 107 10°  10°  10*  10°
beam polarimetry, precise Q2 Apy
determination Precision vs smaller asymmetry
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PVES Progress

Looking to Future :
Technical challenges :
« Random beam fluctuations

limits : present (Qweak) vs.
Future (MOLLER)

« Beamline monitor precision :

present (Qweak) vs. Future
(MOLLER)

11/10/15

Beam property MOLLER spec. Qweak observed

Intensity < 1000 ppm 500 ppm
Energy < 108 ppm 6.5 ppm
Position <47 um 48 um

Angle < 4.7 urad 1.4 prad

Courtesy of Mark Pitt

Monitor type MOLLER spec. Qweak observed

Beam charge 10 ppm 65 ppm
Beam position 3 um 6 um

Courtesy of Mark Pitt
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Outline

» Parity Violating Electron Scattering (PVES)
overview

» Testing the Standard Model (SM) with PVES
- Qweak, SoLID-PVDIS and MOLLER

* Nuclear structure physics with PVES
- PREX/CREX

 PVES as a probe of nucleon structure
- SoLID-PVDIS EMC proposal
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Electron-Quark Couplings

EW neutral current interaction + New Physics
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PVES in Search for New Physics

 New physics at high energies can be detected
through precision PVES at low energies

- At low energies new physics appear as a new
contact interaction

Gp
LB = ——& D Ot e ) he
eff \/ie%ﬁfﬁ ; 1q97"° 4 + 4A26%ﬁ5 Z var'a
PV |
L LE@XV
E
1
A (~TeV) >C< >0< —Lg
These could be A2
My z ﬂ Heavy Z's or neutrinos,

For A\ ~ TeV scale

(100 GeV) >< Technicolor, SUSY, etc
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PVES vs Colliders: Neutral Currents

 Both colliders and PVES can access A > 10 TeV
DUt...

* |In PVES : both New physics and EW physics
amplitudes interference with electromagnetic

amplitude

' ' A AITE.w
Ay + Az + Anew|” — A7 [1 + 2 (A_Z) i ( ;L . )]

Can observe PV new physics interactions!

A"‘JE-LU ?
1 4 -
+( Az ) }

At Z resonance A  Is imaginary and no interference observed!

e In colliders : No Interference
Az + Anew|” — A%
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Electron-Quark Couplings

EW neutral current interaction + New Physics
(~_ A 2\
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Parity Violating Asymmetry for the Qweak
 Experiment
BN BTN,

—)—¢€ —_— € —¢— «—D

P Parity P P
Transformation

e

The Qweak experiment determines the proton's weak charge by
measuring the PV asymmetry in elastic scattering of longitudinally
polarized electrons on unpolarized protons

Apy — [—GFQ2] [ngeg + 7GGE — (1 — 4sin?0w)e' Gy, G4
42 5((}%)2 £ 7'(G'f1\y/1)2
At forward angles and very small Qz,

2

Arv (@)= — S0k + FQ0) = Agg, + A

Proton's weak charge, Qly = 2gv-g4 +2v.ga =1 —4-sin’bw

Form factor term due to finite proton size — Hadron structure (~
30% of the asymmetry) By running the experiment at very small
Qz2, sensitivity to the effects of the “Hadron structure” is minimized
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Fused Silica Bors

Qweak Experimental Apparatus

{synthetic quartz) .

o
Magnet Dol -~

Elastic
ep
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Parameters

E, ..., = 1.165 GeV

<Qz> =0.025 GeV?
<0>=79+3

¢ coverage = 50% of 21
lpean = 180 PA

Integrated rate = 6.4 GHz
Beam polarization = 88%
Target = 35cm
Cryo-power = 3 kW

i




Qweak Commissioning Run

Qweak + Higher @° PVES
Extract: Qr,, sin2 0,

Combined Analysis
Extract: C,,, C4, Q"

0.18 ' ' ' Weak Mixing Angle: Running of sin? 6,,
Inner Ellipses — 68% CL & 00001 0001 001 0.1 1 10 100 1000 10000
0.17 | Oute.r E"lpses _ 9501,.’“ CL @ 0.245 r—rrrmi—r—rrrrmi—r—rrr—rrrrn—rrrrra—r—rrrmie—r—rrrralrrreest 0,745
AP"I.I" + PVES SM ﬂ.EﬂS T {4%?;{g:;a§m L e 1R LR B D.Eﬂ
B +F == Thils Resulk
Combined Result [ 0.241 | —= el | nuTey 0201
Dl'ﬁ r — | E158 = Published
- ~— ! 0.239 - — L 0.239
= o 0.237 | L 0.237
+ 0.15 | = QwiCs)
E; Rl @ 0235 § APV 0235
() 1338 £ 0.233 | - 0.223
0.14 | \ 0.231 - Tevatron 0231
ﬁ' gin2 By IMz 0.229 | ,/"'a - L 0229
i Qy(p) JLab
0.13 0.227 tesﬂmatedhfil:lLl uncertainty) - 0,227
i R e — —— ————— — ——— T L
0.12 . . . . . 0.0001 0.001 0.01 0.1 1 10 100 1000 10000
-0.70 -0.65 -0.60 -055 -050 -045 -04 Q(GeV)
Ciu - C‘l.d
QI’J =-22C,,+C
Q" =-2 (Cyy +2 Cyy) C,, =-0.184 £ 0.005 W 0 0(64 1“0 011;)
=- + = + o
0.975 +£0.010 Cyq= 0.336 £ 0.005 SM prediction = 0.0710(7)

More production data is still being analyzed : expect final results in 2016!

Publication : PRL 111, 141803 (2013)
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Electron-Quark Couplings

EW neutral current interaction + New Physics
(~_ A 2\
A~ /El/A\‘.l\ f2><]z
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i 1.4 - 9 oy Involve vector hadronic
Olu R §+ 3 Sl QW ~ —0.19 currents:PV elastic e-p
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Te % 3 : W violation
Cou = _§+2 sin” Oy~ —0.04 Involve axial hadronic
02d s %_2 sin? HW ~ 0.04 currents: PV deep inelastic
scattering
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Off the simplest isoscalar nucleus (deuterium) at high Bjorken x

Chﬂgz F* FJ“
ADIS _ 2 Y 1 20C.Y 3

At high x, deuterium PV asymmetry becomes independent of PDFs, x and W, with well defined
SM predictions for given Q2andy =1 - E'/E

For Q? >> 1 GeV? and W? > 4 GeV?

GrQ”
AR, = a1(x)Y + a3(x)Y
PV 4\/§7m[ 1(x)Y1(y) 3(x)Y3(y)]
oy, L L= —y)?
Where, Y; ~1;Y3g ~ -y
. ) 6 . . 1 0.6s+ Interplay with QCD,
ay (x) = g( tu — Cia)(1+ ut + d+) . (FIaC\I/or ddep)endent quark distributions
_ _ u,d, and s
AP (x) = 2 (205, — Caa) () -
5 ut +dt « Charge symmetry violations (CSV)
Where fii _ iﬁ,y _ E—F « Higher twist effects (HT)
* Nuclear medium effects (EMC)
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SoLID-PVDIS Physics Motivation

» A precision test of the Standard Model
« Search for Charge Symmetry Violation (CSV)

» Test of QCD higher twist corrections (quark quark
correlations)

 Measurement of d/u quark ratio for proton
Attractive PVDIS feature

« Large PV asymmetries with manageable backgrounds

 Ability to reach higher precision beam polarimetry with
11 GeV electron beam energies
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Projected Coupling Constraints from PVDIS

05 2c1u'c1d
= = IIIIIIIIII TTTIT I I IIIII Illlla
E I”I““f
04c 3 Cweak + APV
2| NN SLAC-E122
03E 3 JLab-Hall A
= 1| B =l published
02E 3 . SM
04E 7| MM SoLID (proposal)
OF 4 4 26,:Cy 1 2Cy Gy
-0.1E e
-02F 3 4
-0.3F i g

-D.4§ 7 -0.76 -0.74 -0.72 -0.70 -0.68

'D.5 'EHIIIIIIIIIIIIIIIIIIIIIIIII II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;
-1 -09 -08 07 06 -05 -04 -03 -02 -01 O

Constraint on quark coupling constants and updated limits
on new physics beyond SM using SoLID-PVDIS projections
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Charge Symmetry Violations

Sensitivity to CSV

5APV 511(}{) — 5d(}{)

= = 0.28
RCSE APV 0 511(}{) + 5d(}{)
Where du=uP —d";od=dP —u";

HES'H

0.00@ES====—
=0.02—
' BAG Model + QED Splitting
—0.04- ==== QED Splitting in MAST
L~ ] Uncertsinty band, this proposal

L i i | i i I 1
0.2 0.4 0.6 0.8

Direct observation of parton level CSV

- Charge symmetry — up =d";, dp = u"

- Fractional change in APV due to CSV from different models shown

- The uncertainty band using PVDIS figure-of-merit is plotted

11/10/15
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Higher Twists effects in PVDIS

* In QCD, additional Q2 dependence
gives information on quark-quark
and quark-gluon correlations

=
. . 0 -
— Higher Twist (HT) terms ====Tiighar Twisl Costiicients D00 ;
| e HT Fil 141-x0"3 i
[T Uncertainty band, this proposal H
quark-quark HT QSS quark-glu&m HT
I E _
C 3 C D

« With PVDIS asymmetry :
measurements, only Q2 g
dependence of g-q HT can show up

 Large kinematic reach in SoLID 1 AR

allows for evaluation of higher twists .

* PVDIS signature is the variation of
Y,a, term (of the APV) with x and Q2
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d/u

Quark Flavor Dependent Effects on Proton

 Measurement of d(x)/u(x) ratio for the proton at high x

* A clean measurement free from any nuclear corrections

 Uncertainties of set of PVDIS measurements are shown
In the plot (red points)
* Provides a high precision measurements in range of x
Projected 12 GeV d/u Extractions

™ CJ12 - PDF + nucl uncert. al(x) term of the PVDIS asymmetry
s BigBite °*H/*He DIS
; o ]| 20~ ST
N L e SoLDPVDIS I u(x) +0.25d(x)
081 sue
0.4 __
- |DSE
0.22 BoNusS sys. uncert. * IPQCD
D_|||||||||||||||||||||||||||||||||||||| BruklueurﬂSU(s)
0 01 02 03 04 05 06 07 08 09 1

X
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11/

Solenoidal Large Intensity Device (SoLID)
Apparatus

~ SolID (PVDIS)

|

EM|Calorimeter,
m

en

Beamline

(Cherenkoyj
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Solenoidal Large Intensity Device (SoLID)
Acceptance

E GeV

22fe35°

Xgp> 0.56
W 4 GaV®
Q°> 6 GeV

Rate= 358 kHz
at L=540 pb's"

11/10/15

20

4D
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SoLID Specs. and Figure-Of-Merit

- High Luminosity (103° cmz/s)
- Beam current 50 uA and polarization 85%
— Large scattering angles for high x and y access

=]
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B s
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0.4

0.6
X

0.8

B

- With moderate running times,
» X-range of 0.251t0 0.75
* W2 >4 GeV?
* Q2range a factor of 2 for each x
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SOLID-PVDIS Figure-Of-Merit

Sub. 1% precision over broad range of kinematic
range: A Standard Model test and a detailed study

of hadronic structure contributions

If no CSV, HT, quark sea, or nuclear effects, All (Q2, x) bins should give the
asymmetry within statistics and kinematic factors

Fit to data :

PV PV ( ! (1_ I)Q,Qg ! )
o L Statistical error bar 6 A/A (%) shown
Kinematics dependence of Physics at center of bins in Q2, x
X \i QZ LU P61 P63
New Physics YES B
CSV YES : . ‘).52‘} o5 &7
HighEI' Twist | YES YES | 567 50 @58 4 months at 11 GeV
50
S @ 416
P58
L 5 @65
0.52 a
i g0-48
‘93141
;.6&'96 2 months at 6.6 GeV
I | I 1 I | I 1 1 | ] 1 | | L
0.2 0.4 0.6 0.8
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PV In MQ@ller Scattering

A Search for New Physics at the TeV Scale

* Proposed MOLLER experiment will be the best contact
Interaction search for leptons at low OR high energy

— Best current limit on contact interaction scales available from
LEP2

« LEP2 only sensitive to parity conserving quantities (g2,, and g2zz+9?,)

Where g;=g"; are contact interaction coupling constants for chirality projections of the electron spinor

- Model independent mass scale for parity violating interactions :
2
_ 8 s A oo
Lores = — 22 CREETS e R
L ]J=L,
The MOLLER measurement will extend the current sensitivity of 4-
electron contact interactions,both qualitatively and quantitatively
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PV In MQ@ller Scattering

A Search for New Physics at the TeV Scale

 Measure weak charge of electron precisely

Qw ~ 0. 045
QW _ 5 40 n ==
%ﬂ F (-QRV 2 4/ — ifi"inew 0 001 GF ><F£6
A
- Unprecedented sensitivity @2 —g2) oty

* Provide best projected uncertainty weak mixing angle at

ny ener |
dany energy scale 5sin20y = +0.00024 (stat.) & 0.00013 (Syst ) =~ 0.1%

0235 (Courtesy: J. Erler)

710235

allowed

0234

use standard model

electroweak s W Ehe
. . . % orld average -
radiative corrections & [ central value =l A =] ;
£ 0232 L | Joza2
to evolve ® EMGLLEH :
best measurements o251 et | o
toQ~MZ ” ;
0.230 Ruled out APVIC | Jo30

1 L1 1 L1
10 100 1000
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MOLLER Apparatus

Ary = 35.6 ppb

SApv) = 0.73 parts per billion
6(Qew) = £ 2.1 % (stat.) = 1.0 % (syst.)

Wi upstream liquid
toroid hydrogen
: target

Evean = 11 GeV
Intensity 85 pA 80% polarized
Luminosity: 3x103° cm?/s!
Scattering angles 10 - 20 mrad!
30

beam

11/10/15 UVA Physics Seminar
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MOLLER Context Summary

» Best contact interaction reach for leptons at any energy

- Similar to LHC reach with semi-leptonic amplitudes

- To do better for a 4-lepton contact interaction would require:
» Giga-Z factory, linear collider, neutrino factory or muon collider

 If LHC sees any anomaly in runs 2 and 3 (~ 2022)
- The unique discovery capability in MOLLER will be very important

« MOLLER also provides discovery scenarios beyond LHC
sighatures

- Hidden weak scales
— Lepton number violating interactions
- Light dark matter mediators

11/10/15 UVA Physics Seminar
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PREX/CREX : Neutral Current as a Probe of the
Neutron e

* Weak neutral current : A clean probe
couples mainly to neutrons

do®  dot ; 2
a0 40 _ GrQ 5 Fo(Q2?)
e Trava [T R@)
Q\I?veak =1- 4Sin29W ~ 0.076 Sveak ~ —1 Apy — 10—6

* |t provides theoretically clean method to
measure neutron radius and skin thickness

®-©- ‘-»-
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Experimental Setup

Two High Momentum Spectrometers (HRS) to run simultaneously

« Will require a Septum magnet to reach our acceptance
PREX acceptance at about 5° Using E = 1.1 GeV beam

CREX acceptance at about 4° Using E = 2.2 GeV beam

Both 208Pb and 48Ca provide large inelastic separation with HRS and
have very long life time for a neutron excess nuclei

A
! Pusilivn Muniluzs

i Tniensity Moniors i
i B Luminee by Moo 2
i Mefer tors i
i Modalston Colls :

L]
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Why Two different Nuclei?

* Ab Initio calculations only reach as far as medium
nuclei such as 4Ca

- Experimental data from 208Pb and “8Ca will provide a bridge
between medium nuclei ab initio calculations and heavy
nuclel Density Functional Theory (DFT) calculations.

» Correlations predicted between neutron skin of 208Pp
and 48Ca need experimental validations

Muclear Landscape

v
2 [« 7 d]
= |
T PREXI o
ot
= _
.
m Reladvistc ]

& MNon-relatvistc

II ﬂ.l-lIlllllllli_.l""l_"_'lI||||||L.|||-
Interface provides | 015 0 025 03 035 04

: | 1 [Pb] (fm)
crucial clues skin
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PREX Implications : Neutron Stars

A NEUTRON STAR: SURFACE and INTERIOR Courtesy of C.J. Horowitz and J. Piekarewicz
a s s

« R, calibrates equation of state (pressure
vs density) of Neutron rich matter

« Combine PREX R, with observed
neutron star radii
- Phase transition to “Exotic” Core?
« Strange star? Quark star?
« Some neutron stars seem too cold

- Explained by cooling by neutrino emission
(URCA process)?

- Only if (Ry - R,) » 0.2 fm : URCAis probable

Crab Pulsar UVA Physics Seminar 35



PREX : Earlier Results
Neutron Skin = Ry - R, =0.33 +0.16 -0.18 fm

0.8 . . . |

0.75-

SLYA4
TPREX-I

Spokespersons

Pb

0.65

0.6

' NL3m05

B
g 0.7 NL3P06 FSU | B K. Kumar
_ SIII NL3 i R. Michaels
o PREX-II K. Paschke
P. A. Souder
<C ____________________________ G. Urciuoli
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PREX/CREX : Next Run

 PREX-IIl is on its way to make many improvements over
several PREX-I radiation damage issues

- Damaging neutron (0.1 < E < 10 MeV) dose is reduced by 78%
compared to PREX-I

- High energy (E>10 MeV) photon dose is reduced by 80%
— Collimator design is almost ready
- Neutron radiation shielding optimization is underway

- FEinal design will further improve dose reduction

* Neutron density measurements for 208Pp and 48Ca will provide
necessary support for better nuclear structure theory models

- For nuclei to neutron stars with implications on nuclear structure
studies to astrophysics
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PVES as a Probe of EMC effect

 PVDIS offers a picture into partonic distributions
by probing new flavor combinations

« Expanding the a, term about the isoscalar limit

9 . 12ut —dt
a1 ~ — — 48in%fw — A A

 PVDIS asymmetry Is sensitive to differences In
the quark flavors

Whereu, =uinpanddinn

- For iIsoscalar targets the asymmetry becomes a test
for charge symmetry violation

For Q2 >> 1 GeV? and W? > 4 GeV?

Apy = 4(3/};304 a1 (x)Y1(y) + (aS (X);{:s (v)]
1—(1—y)?

Where, Y1 ~1;Y3 ~
1 I+ (1)
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Isovector dependence of EMC effect

NUTeV reSU|tS from Fermllab Pachos-Wolfenstein relation:
 Neutrino scattering Is o = 0N = 1X) — 0N = 7,X)
. . o(vulN = p=X) —o(uN — ptX
sensitive to different flavor il =2 o= 1)

1
= lim = —sin®fy
—i.g. 2

combinations

0245 T IIIIIIII T T TTTTIT T IIIIIIII T

« Asymmetry nuclel (iron
target used in NuTeV)

need corrections B 5
=
« CSV orisovector EMC &
effects could play Civs Jrevaron

CMS ¢

significant role and not
well constrained by data o2t~ ¢

0.0001 0.001 0.01 0.1 1 10 100 1000 10000
11/10/15 UV, u [GeV]




Isovector dependence of EMC effect

Short range correlations and EMC effect

- SRC show strong preference to n-p pairs over p-p/n-n

« SRCs generated by interactions in short-distance (high density)
- EMC effect correlates with SRC

« EMC effect driven by high-density nucleon configurations (pairs, clusters)
- Preliminary models make predictions for asymmetry nuclei

e (Z—N) boost by isovector enhancement?

a 0.5 w LS
L *) 3 HB95/ 5 197 = |
""b L Au ot |
= DAl [ p0  .0.08426 +0.003869 =04
e N 1 Fe X 5 y
O ona- 8- LA +
3 .
b2 - 0.2 | ¢
iR o
' .
0.0 0
"'J"L.I i i . - . ,I . '4 . EI- Ii A1 I T T S T
2 4 M5 2025 3 A5 4 45 5 55 6
a,(A/d) ,

Analysis by M. Sargsian
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PVDIS Constraints on EMC Effect

 PVDIS on asymmetric target (48Ca or °Be) will test
Isovector dependence,

- Larger A — larger EMC and larger (Z — N) gives an boost to
Isovector enhancement

- PV asymmetry is independent of overall size of EMC effect;
only sensitive to difference in EMC effect for u and d quarks

» 48Ca DIS Rates and backgrounds are comparable for
deuterium DIS

* Therefore isovector observables on an asymmetric
target is doable with SoLID-PVDIS

« 60 days production will offer powerful constraints, help
resolve the NuTeV anomaly, and test leading models to
several sigma
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Flavor Dependent Model EMC Predictions

PVDIS with neutron rich nuclel 4Ca can constrain possible

flavor-dependent nuclear medium modification effects on
guarks

- PVDIS asymmetry is a direct measurement of differences in
the quark flavors

a, from CBT, **Ca x/X,=12%, 60 days, 80uA

I m'n.:-:.

EMC

G F

3
R

Our proposal

9 .9 12 UI — di
a; ~~ v 4sin“Ow — 55 7 un
u, +dy
1.1'_
L —_— I'J]
, R il-;'u-'rr ’
1.05— | ======= /5 - 4 sin'8,,
N Our Projections wi sys
I
0 QH_
0.9
GeV? -

u

0.2

I

Cloet et al. PRL102 252301 (2009), Cloet et al. PRL109 182301 (2012)
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Conclusions

» Jlab Is a great facility to do PVES
- Polarized Continuous electron beam
 PVES provides unigue information for nuclear physics

- Nucleons : EMC effect, strangeness, weak form factors
- Nuclei : PREX/CREX

 PVES is a precision frontier of testing the SM and
physics beyond SM

- Qweak, SoLID-PVDIS and MOLLER
- Complementary to LHC

11/10/15 UVA Physics Seminar
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Random Beam Fluctuations and Beamline Instrumentation

Use Qweak experience (@ 1 kHz data rate) —
Assess MOLLER specifications (@ 2 kHz data rate) for beam fluctuations/monitoring

Random beam fluctuations Beam property MOLLER spec. Qweak observed

(“jitter”) @2 kHz: Intensity < 1000 ppm 500 ppm
Energy < 108 ppm 6.5 ppm

If 12 GeV machine is as “quiet” Position

as 6 GeV machine, these will <0 i 48 pm

be easily satisfied! AEE < 4.7 prad 1.4 prad

Beamline monitor precision Monitor type MOLLER spec.
@2 kHz: |

Qweak observed

Bea mposmon

* Position nearly satisfied
* Charge monitoring will require |
further developments ] } :
=> Start with BCM digital receiver L 5
studies ; L IJL_. e —

NEW: actually BPM spec is

probably already achieved B
8/12/2015 MOLLER Au 2015 Collab. Meetlng 44
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PV Deep Inelastic Scattering

Off the simplest isoscalar nucleus (deuterium) at high Bjorken x

O GeQ? L B F)” : : 1—(1-y)’
A DIS £ R . | IS P ¥ L — 1N A -
Apyy = ra [2g5 Y1 (V) P7 285 Y3(v) =5 F"; ] Where, Y; = 1;Y3 =~ TF (1 =y)?
_ GrQ°
Y = T M EIYA() + as()Ys()]

At high x, deuterium PV asymmetry becomes independent of PDFs, x and W, with well defined
SM predictions for given Q2andy =1 - E'/E

L R (1 — v)2
o 0 For Q2 >> 1 GeV? and W2 > 4 GeV? YV — 1-(1-y)

gL R N _ 2_R
+0o 1+(1 OE’) Y R+1

B (3GFQ2> (2C10 — C1a)(1 + Ry) + Y(2Cs, — Coq)R,) | R(x,Q%) = R =02
2many/2 5+ Rs

Interplay with QCD,

* Flavor dependent quark distributions
(u,d, and s)

« Charge symmetry violations (CSV)
« Higher twist effects (HT)

* Nuclear medium effects (EMC)
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PREX
Physics
Output

Atomic
Parity
Violation

Slide adapted from
C. Horowitz

11/10/15

Measured Asymmetry

Correct for Coulomb
Distortions

]

Weak Density at one Q

2

Small Corrections for
n S

GE Ge MEC

Ve

.

Neutron Density at one Q

|

Assume Surface Thickness
Good to 25% (MFT)

UVA Physics Seminar

Mean Field
& Other
Models




PREX-latE=1.1GeV A, =0.6 ppm

Systematic Error

Contribution

Anticipated Errors

CREXatE=22GeV;A  =2ppm

Systematic Error

Contribution

Charge normalization 0.1%
Beam asymmetries 1.1%
Detector non-linearity 1.0%
Transverse 0.2%
Polarization 1.1%
Inelastic contribution <0.1%
Effective Q2 0.4%
Total 2%

11/10/15

Charge normalization 0.1%
Beam asymmetries 0.3%
Detector non-linearity 0.3%
Transverse 0.1%
Polarization 0.8%
Inelastic contribution 0.2%
Effective Q2 0.8%
Total 1.2%

UVA Physics Seminar
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SoLID-PVDIS Error Budget

Error budget for PVDIS asymmetry at x=0.4

Source Error (%)
Statistics 0.3
Polarimetry 0.4
Q- 0.2
Radiative corrections | 0.3
Total 0.6
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