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PVDIS Outline
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Longitudinally &

polarized (z

|. Searches for new physics in NP and HEP
and role of PVES in general and SolLID in Credt: P. Reimer
particular.

II.PVDIS and QCD
A. Charge Symmetry
B. Higher Twist

C. Other Physics and Targets: d /u,;
Isoscaler EMC effect

SoLID Spectrometer

Ill.How the SoLID Spectrometer works.
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Context for PVDIS

A comprehensive strategy to understand the origin of matter requires:

The Large Hadron Collider, astrophysical observations as well as Lower Energy: Q*<<M,* \

NP/Atomic systems address several topics; unique & complementary:

Neutrino mass and mixing Ovp decay, 0,5, B decay, long baseline neutrino expts...
Rare or Forbidden Processes EDMs, other LNV, charged LFV, Ovpf decay...

Dark Matter Searches direct detection, dark photon searches...

Precision Electroweak Measurements: (g-2),, charged & neutral current amplitudes
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Electroweak Interactions at scales much lower than the W/Z mass

TeV-Scale Probe: Indirect Clues

NP: Fundamental Symmetries; HEP: The Intensity/Precision Frontier

Interplay between electroweak and hadron dynamics

———

High Energy Dynamics
E K:i SM amplitudes can be very precisely predicted
A (~TeV) 1 1 higher dimensional
e ﬂ L=Lsm+ KEE) + EEG + .- operators can be
(100 GeV) systematically classified
co.u.rte.sy ><

I_\I/.l\C/Ilrlghano, : Dark Sector

. Maruyama, |

M. Pospelov @ (coupling)'1

Examples: Heavy Z's, light (dark) Z's, technicolor, compositeness, extra
dimensions, new ideas???, ..

How can the Standard Model, with all of its holes,
predict precision measurements so well??
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PVES: Example of Weak Neutral

Current Interactions
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.Precision Neutrino Scattering
.New Physics/Weak-Electromagnetic Interference

® opposite parity transitions in heavy atoms
® Spin-dependent electron scattering

Parity-violating Electron Scattering
-

_ _0y- 0O Awea G 2 eqg. T eqg T
-ALR—APV—G:M: e o +BgTVgA)

gy and g, are function of sin’0y, @ Ay ~ 10°° O\ 1 107~ Q3

longitudinally
polarized ¢

Specific choices of kinematics and target nuclei probes different physics:

* In mid 70s, goal was to show sin’6,, was the same as in neutrino scatteri

* Since early 90’s: target couplings probe novel aspects of hadron structure
(strange quark form factors, neutron RMS radius of nuclei)

* Future: precision measurements with carefully chosen kinematics can probe
physics at the multi-TeV scale, and novel aspects of nucleon structure
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Continuous interplay between probing hadron structure and electroweak physics

4 Decades of Progress

Parity-violating electron scattering has beco a precision tool

photocathodes, polarimetry, high power cryotargets, nanometer beam stability,
precision beam diagnostics, low noise electronics, radiation hard detectors

PVeS Experiment Summary

—

Pioneering electron-quark PV DIS experiment SLAC E122

- Pioneering
- de
: ® Nuclear Studies (1998-2010) N
10° E  ©  S.M. Study (2003-2012) / S ta te-Oﬁ the-art,’
- ® Future
= e sub-part per billion statistical
107 :
: reach and systematic control
o B e sub-1% normalization control
e
B 107 Physics Topics
0L ® Strange Quark Form Factors
: MIT-Bates 'Neu.tron skin of a heavy nucleus |
ol Mainz ® Indirect Searches for New Interactions
i Jefferson Lab ® Novel Probes of Nucleon Structure
10'10’_11“ 1 1 1111l | Illllll[ | llIIllll | llllllll | llllllll

108 167 10 102 10 10
PV
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Elastic and deep-inelastic PV scattering

Weak Neutral Current Couplings
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pv_ GF = y
L =9 _[6’)’“’)’56(011&“"}’”“ Sl C1dd’)’ud)
e 4 e e v e e Y e 2
V/ d AZ g e AZ e +Ef)/”e(c2uﬂryup)/5u + C2dd")’u')’5d)
C,=2g.8, C, =288 Cee=29v92 =
| +Cee(er*v5€E71€)
Ciu = —i43sin?Oy ~ —0.19 —
Cl' 15 ) -gHH ~ 0.3 new physics £f1f2
1d — 573 S111 % ~ 519) j} f‘I ( 12)2
C‘Zu = —%—.—2 Hill.2 HU ~ —0.04 gzg - : . e . :
Coy = %—2 sin® Oy~ 0.04 + f : Z A?J flz')’uflzf2]’)’uf2g
. 2 2 t,j=L,R
_ L 2 ~ 0 : :
Cee = 200w 002 ' Two equivalent notations!

PV elastic e-p scattering,
€q 2 €q & €q 2 €q 2
Chg < (95g)- tGrr) —(9:r)" —(9:7) ™ Ao parity violation

Caq x (955)% — (955 )* + (g5%)% — (g3% )* = PV deep inelastic scattering
e (gffR)2 = (gieL)z — > PV Moller scattering
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PV Deep Inelastic Scattering

off the simplest isoscalar nucleus and at high Bjorken x

R (- & LI = N NE R =
Apy = 2\;‘5@2 [QA Fl,fy Y7 fgyj ;,7 ] X = xBjorken
e 1 1 y=1-E’/E
Q’>> 1 GeV? , W?>> 4 GeV? o 1 —(1—y)?
G0’ I+ (1—y)? P
Ary =2 [a(x)+ FB) N
\/5]7;0( R(z.Q*) =o'/o" ~ 0.2
gl — g7 Athighx, A, becomes independent of pdfs, x & W,
A, = ; with well-defined SM prediction for Q2 and y
o' +o"
¢ Y )
. 3G 1(2 201'11. T Cld (1 + Rs) + Y (26‘211, T C‘Z(l) R'v
Ta2v/2 5+ R,
| Interplay with QCD
R.(z) = 25(x) Large = = Parton distributions (u, d, s, c)
U(‘_”) + D(‘j”)‘ = Charge Symmetry Violation (CSV)
Rl‘(.l ) _ 'U.l.(.LI‘.'.) + ({l-‘(;lf) Large ;p) 1 - ngher Twist (HT)
| U(r) + D(z) = Nuclear Effects (EMC)
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PVES Initiatives: Complementarity
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Different experiments address
different vertices of the triangle
which 1n turn address
different new physics.

SUSY Loops 00 mE Qwe and QwP::same absolute shift, smaller for others

GUT Z C B B R High for Qw(Cs), Qwé(relative), smaller for others
Leptophobic Z’ o bl axial-quark couplings (C:2’s) only

RPV SUSY ® 00 =) Different for all four in signh and magnitude
Leptoquarks ® o = semi-leptonic only; different sensitivities

H++ ¢ =p Qwe onlyﬂ
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Using Moller scattering (purely leptonic!), ﬁnprove on E158 by a fc-lCtOI’MOf 5

g MOLLER at JLab

Measurement Of Lepton Lepton EleCtroweak Reaction

- . 2
o 11 GeV Beam 510 mrad\ Qw1 - 4Slne_9w .-
e” é Q‘:’GF
e" e e

°* ~ 20M$ MIE funding required + ><><_ £6

®* Science review by DOE NP:

Li=LLR

N s upstream liquid A
LRGN toroid hydrogen e g1 74
; =" 2 2
=3 target |\ /|g2 & — BTl

WApv = 35.6 ppb

Luminosity: 3x10%° cm?/s
75 pA 80% polarized
0(Apv) = 0.73 parts per billion
electron
0(0°w) =+ 2.1 % (stat.) + 1.0 % (syst.) beam
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The Weak Charge of the Proton
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*

— ¢ Ths Expenment | Data Rotated to the Forward-Angle Limit P " ' .

© HAPPEX - ZC + C - -

I 0.4}x sawe . = Q’""* = @ ®l-4sin 19'“.

== A PVAS oo
. ® GO

3 0 3» < SM (prediction) ‘
@ Qweak 1000p

> : i :

*. 0.2 ' £
(=8 ? -
) 0

I I

= 0.1}
i‘a » i
< 0.0 I -1000

0.0 0.1 0.2 > 0.3 204 0.5 0.6 : Target volume Lead shielding Mo‘lallt:,erc ;Loaq;séring
O [GeV/c] - 8 ¢ [0 deg, 90 deg]
e Te . x -2000[~
: / electrons,
- - Tracking detector e(laazt[igseéig!cigtzgg?,
Two Production Runs: Feb-May ’11, Nov ’11-May ‘12 . T RTIRTETIRRINT FRL T v A
-1000 0 1000 2000 3000 4000 5000
Run 0 Results (1/25t" of total dataset) — published in PRL 111, 141803 (2013) Zmm

A, =-279+35(stat) = 31(syst) ppb  at  (Q?)=0.0250 (GeV/c)’

P2 at MESA at Mainz

Q; (PVES) =0.064+0.012 0, (SM)=0.0710 £ 0.0007

‘ First determination of proton’s weak charge in good agreement with Standard Model l

I — R
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Q2 ~1.1 GeV?

PVDIS on LDs at 6 GeV

| Apy In deep Iinelastic e-D scattering:

0’>>1 GeV? ,W?>> 4 GeV?

“Q )
Ay = a(x)+ f(y : : €
ey La(x) + F b(x) function of C2f s
For?H, assuming charge symmetry,
structure functions cancel in the ratio: b(_() - 3 (ZC . = & ,.') K, (X) * d‘ (X) ¢ M-
Physics Run: Oct-Dec 2010 10 i “(1) + d(-") 3

Wang et al., Nature 506, no. 7486, 67 (2014);
6 GeV run results

APhys (ppm) —-91.10 . article in Nature
(stat.) £3.11 ambidextrous
(syst.) +2.97 By separately scattering right- and left-handed electrons off quarksina
(total) +4.30 e e e Rt
Q2 ~ 1.9 GeV? Asymmetry
APIYS (ppm) ~160.80 G.O

(stat.) +6.39 Al [a(x) + f(y)b(x)]

(syst.) +3.12 ‘/_‘m

(total) +7192

LT e BRI 12 S e R

a(x): function of C1.’s

PARTICLE PHYSICS

Quarks are not v vaceno




Implications
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SLACE122 — [

0.2

o1 | PVES/Qweak

JLab 6 GeV | ﬂ
Result f “

g -0.1

A[2C-Coslg.o) [TeV]

02 —

hew best
03 | fl-l-

04

L 1 L 1
15 10 5 0 5 10 15
A([2C-Ciglg .o ) [TeV]

2CZU—CZd

) -05 | | | |
-0.7 0.6 0.5 0.4

- 2C, -C,y =
first experimental determination that

dt an axial quark coupling combination
P T is non-zero (as predicted)

2C
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SOLID New Physics

[2 eu_ ed]
9 -9 lav  SoLID projection

Courtesy: J. Erler

-0.06
-0.08

PVES + APV
-0.10 B SLAC-E122

JLab-Hall A
-0.12 B all published

° SM

-0.14 B SolLID (proposal)

-0.16 Current World Fit

-0.18 29 g%,

[2C; - C14]

-0.20

-0.22

-0.76 -0.74 -0.72 -0.70 -0.68

Qweak and SOLID will expand sensitivity that
will match high luminosity LHC reach with
complementary chiral and flavor combinations
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Z’ versus Compositeness

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Issue: PVDIS determines g2/A2:
LHC sensitivity to g2/A? depends on A.

Events ——-
S
[=>]

7
107§ | ' T ' = .fé) 10 ! | ATlLAé o Dat32012I
= ¢ Data 2012 3 o
ATLAS ) - 2 408 L .
= - 02y —= o 107 E L, DOz
—ee [l Top quark - : ee: | Ldt=20.31b [CJPhoton-Induced
10° = J. Ldt=2031" CIDijet & W+Jets = 10 5=8TeV W Top quarks
v E /s =8 TeV [Obiboson - 10 S= e DMulti-Jet & W+lets
1 : (12 SSM (15 TeV) E : DCliboson
T [JZ SSM (2.5 TeV) = 10° AL =14TeV
= = -~ Al =14TeV
10° | —= 10° = —M, = 4.0 TeV (GRW)
10 = 10
= = e
10" = 107 =
= = E, |
i Lo . o 1 4 SRR RURIRRRPRORORPRRT 1 B N 11 Y W =
g 12 / _L . i 1-21 { -
g © o e 4 E
S o8 g 0.8E-- A ABRANRA S0 Y L0 A 3% 5 |
d o6 | S 06
8

0.08 0.1 0.2 03 04 05 1 2 3 4 0.1 02 0304 1 2 3 4
Mee [TEV] Mee [TEV]

Signal dominates Are 48 fatbecausethey decay  Nogjse dominates
to invisible particles or b’s?

=PV DIS b Wit SoldD at]an Ag===== PA Souder, Oct 20, 2014




Unique SoLID Sensitivity
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Leptophobic Z.; q
*Virtually all GUT models predict new Z’s
*]HC reach ~ 5 TeV, but....
®Little sensitivity if Z’ doesnt couple to leptons

o] eptophobic Z’ as light as 120 GeV might escape detection V 7'
®[.eptophobic Z’ might couple to ark matter

q
arXiv:1203.1102v1 € q
Buckley and Ramsey-Musolf
25 ] Since electron vertex must be vector,
ol w : the Z’ cannot couple to the Ciqg’s if
T there is no electron coupling:
. UA2 :
L5F can only affect Czq’s
8
10
- CDFLID see low
05! CMS 20 1 mass lepto-phobic SOLID can improve sensitivity:
; 7’s at the LHC 100-200 GeV range
"0 s0 1000 1500 2000 2500

My, (GeV)

SIS AT oI e 16 T e R R I —



sx10@ .

Dark Z to Invisible Particles

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

Davoudiasl, Lee, Marciano
Dark Photons:
| e mz,
- Beyond kinetic mixing; T )
'n.l ‘introduce mass mixing M VA
1105 . \ with the 7'
s - g  Potentially Observable Effects (for $=10-3)
1 e " APV & Polarized Electron Scattering at low <Q>
_____ BR(K=2nZ,) =~ 4x10456° BR(B=2»KZ,)=0.167
=G
s f &2 roughly probed to10°
5%1077 '.
141\ | , S v
l 0.242 ) \ Moy 7 = 50 MeV
[FOI' (52210_6 0.240 ‘\ "‘._[.)]S My z = 100 MeV E
— e e ' Q¥eak (first) Mg z = 200 MeV '
% 5 10 50 100 500 ' |
myy [MeV] - 0.238 (no 'sup.pressnon t‘ac;or)
S_ {dilution factor = 2)
rﬂf 0.236 (QCD correction = 1/
=
K=27Z,2 7w+”missing energy” - 0234
€ and 0 effects could partially cancel!

(& < 107% is used

Suppression by ~1/6 allows Z,~100MeV

¢
2

SLAC
-1 0 1

2
Log,, Q [GeV]

"Anticipated s.n:-‘ns;t‘_*.'jtic g'
Combined with muon g-2 = observable dark PV Band
—PVDIS with SolLlDat |1.ab
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uP(x)=d"(z) = ou(x)=uP(x)—d"(x)
d?(z)=u"(z) = odd(z)=d’(x)—u"(z)

| We already know CSV exists:
" y-d mass difference  6m =my4-m,= 4 MeV
6M = M, -M,= 1.3 MeV
= electromagnetic effects
* Direct sensitivity to parton-level CSV

* Important implications for PDF’s

BAG Model + QED Splitting

s 2 —0.04— ==== QED Splitting in MRST
* Could be partial explanation of the " [ £Z25 uncertainty band. this proposa
NuTeV anomaly —oe a% %6 08 ||

(V) =(SS) =((V =)V +8)) =< I,,, [{D | u(x)y*u(x)d (0)y" d(0))e*d"*x
Zero in quark-parton model

(a) (b) Higher-Twist valence quark-quark correlation

c) type diagram is the only operator that can contribute
to a(x) higher twist: theoretically very interesting!

(c) Castorina & Mulders, ‘84

——PVDISwith SoldDat {1ab = e s e e e O Ja . A A L



Cloet, Bentz, Thomas, arXiv 0901.3559

13Ca PVDIS f

| Consider PVDIS on a heavy nucleus

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

« Neutron or proton excess in nuclei leads to a isovector-vector mean field (p
exchange): shifts quark distributions: “apparent” charge symmetry violation

| - Isovector EMC effect: explain additional 2/3 of NuTeV anomaly

e new insight into medium modification of quark distributions

| 9 = 12w} —dj ~ Great leverage for a clean isospin decomposition of
R 4sin” Ow — 25 ut + g+ ' the EMC effect in an inclusive measurement
A A
e Flavor separation: clean data sparse to date a, from CBT, “®Ca x/X,=12%, 60 days, 80uA
e With hadrons in the initial or final state, 1 _
small effects are difficult to disentangle e afe 2
(theoretically and experimentally) ) ?)/Sr Projectins wi sys

Example Model Prediction

e Precise isotope cross-section ratios in purely .
electromagnetic electron scattering: MUCH
reduced sensitivity to the isovector 0.95]
combination; potentially see small effects to |

discriminate models 0.9~
* a flavor decomposition of medium modifications Unique opponunity Wifh soup

is extremely challenging 0‘83.1 0z 03 04 oxsl 06 07 08 09

LT G BRI o= R e e U 0 L ———




Longstanding issue in proton structure
o
| Proton PVDIS: d/u at high x
| high power liquid hydrogen target
| S A0Ig power liquid hiyorogen 1argel) SU(6): dlu~1/2
G,Q Broken SU(6): d/u~0
A, = a(x)+ fF{v)b(x
5 \.Em[ (x) + £ (3ol )] Perturbative QCD: dfu~1/5
= u(x)+0.91d(x)
u(x)+0.25d(x)
Projected 12 GeV d/u Extractions @ Three JLab 12 GeV
N . QCD F, Bote i experiments:
\ ---- CTEQ6.6M |
[\ E A  BigBite °H/°He DIS i Q CLA512 BoN US -
0.8 m A | CLAS12 BoNuS u .
AN A i 0 CLAS12 BoNuS, relaxed cuts |- spectator tagging
- o A ® SolLIDPVDIS ] . .
0.6—— N Q BlgBlte - DIS
2 I 1 SUE) SH/3He Ratio
'00.4—_ 0 e SoLID - PVDIS ep
- | DSE .
- ¢ L. = @ The SoLID extraction
0.2 ® o ~-.__ ' . :
_ BoNusS sys. uncert. * ¢ T---___ ’inCD of d/U IS made dlreCtly
of ————————— DBrokendl® from ep DIS:
0 01 02 03 04 O).(S 06 0.7 08 0.9 1 no nUC/ear COrreCtiOnS
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U2 GeV Upgrade: Extraordinary opportunity to do the ultimate PVDIS Measurement

SOLID with the 12 GeV Upgrade

Strategy: sub-1% precision over broad
kinematic range: sensitive Standard
Model test and detailed study of

————\ hadronic structure contributions
statistical error bar o ,/A (%)
shown at center of bins ;
: in Q2, x charge
Requirements 101 S gmmeny
: S _standard model test O W ation
e High Luminosity with E > 10 GeV =
e large scattering angles (for high x &y) [ \ |92 o8 o
e Better than 1% errors for small bins ] iﬁé‘iertwist 4 months at 11 GeV
s LIOC E=asCs75 5| i i 0.5 e
) #) sea * ;
e W- >4 GeV quarks .5{ o589
e (Q? range a factor of 2 for each x = 9ol ®®
— (Except at very high x) - et Honths at 6.6 GeV
, , A T S RS R
* Moderate running times 0.2 0.4 0.6 0.8

bj
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SoLID 1s also for SIDIS

-

SoLID provides both the large

Rt nemae acceptance and the high

';;;;f_'-‘?'.i'.i‘_i';';';'f_f-_?? varlablgs > luminosity required to fully
~ 1 more bins=» : .

dat exploit the full potential of
yus [HEEEEdl the JLab 12 GeV upgrade
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of the Apparatus

| NN B 1
l

Elements

(AL AL L B B b L b

Pb Baffl

Mirror 1
(inclined)

Winston
Cone

s Mu-metal
Preshower, 2X,lead + scintillator

1-1 fiber shielding
connectors
11 2mm lead  20mm Sc Preshower WLS fiber ﬁ
2mm lea
(large sheets) (6.25—cm—side hexagons) (guided out between EC and the magnet wall) A
clear fibers

\

j PMT for &

(6.25—cm-—side hexagons)

/’ WLS fiber 100-100 fibe.

connectors
5 mm 434.5mm (194 layers) =—100mm
\ each layer: 0.5mm Pb+1.5mm Sc+two 0.12-mm gap

Photon—rej Scintillator Pad

(1tal 120 segments) Sashlyk EM Calorimeter
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Fit data to:

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

AMea,S. = ASM

Kinematic dependence of physics topics

X N Q?

New Physics

none yes | small

CSV

yes | small | small

Higher Twist

large? | no | large

" Measure A4, in narrow bins of z, Q¢ with 0.5% precision
= Cover broad (¥ range for x 1n [0.3,0.6] to constrain HT
= Search for CSV with x dependence of A4, at high x

" Use x > 0.4, high Q” to measure a combination of the C; s

BHT

14 - Bosva

=

e |

Coherent Program of PVDIS Study

Strategy: requwes prec:lse Kinematics and broad range

e > . A

s AT 6 KR Pt baeres G D

T=at




|. PVDIS fills out the EW
couplings: where is the new
physics hiding???

II.PVDIS provides a unique
window on QCD

IIl.The SoLID Spectrometer fills

the need at Jlab for a facility
that combines both high
acceptance and high intensity.

I\VV.Next step: Directors review
coming soon.

Summary

-0.06
-0.08
-0.10
-0.12
-0.14
-0.16
-0.18
-0.20

-0.22

-0.76 -0.74 -0.72 -0.70 -0.68

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

—

Coilland)Yoke

1.1

1.05

0.9

a,
analvo
2
9/5 - 4 sin®0
Our Projections w/ sys

11

G

— PV DISwith SoldDat j1ab
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Backup

Parity-Violatung Fleciron Scatiering

Krishna Kumar, September 28; 2014



Error Budget (%) and Running

o
time
. Total | 06

Polarimetry 0.4
Q2 0.2
Radiative 0.2

Corrections
Event reconstruction 0.2
Statistics 0.3

Energy(GeV) (4.4 | 6.6 11 | Test
Days(LD2) |18 |60 | 120 |27
Days(LH2) 9 |- 90 |14

180 Days are Approved =




Prcision C ton Polarimet
.. rcision comption roiarimetry
e e e e |
Electron Beam
i @'7_
Sosf- A=532nm
os
| =93
Magnetic Chicane Photon detector 80'4 :
({)0.3—
§0.2—
50.1:—
For scattered electrons in chicane: ) N T T
two Points of well-defined energy! k (Me¥)
Asymmetry zero crossing i:
Compton Edge e
o®EA=532nm
Integrate between to minimize error on >
analyzing power! S 1of \ \
€ .-
“independent” Photon analysis also z
normalizable at ~0.5% -s;\/
11/10/11 PVDIS at JLab = N B R B B B B
e S B T TG P I e T R (MeM




Polarized Source at JLab

B_ Matthew Poe]ker ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2011 E. O. Lawrence Award

————a——

Record Performance (2012):
180 uA at 89% polarization

Electron Gun Requirements

« Ultrahigh vacuum
* No field emission
« Maintenance-free

04/08 04/08 04/08 04/08 04708 04708 04/08 04/08 04709 04709 04709 04/09
08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00

Time

24 Hours
<> Beam helicity is chosen pseudo-randomly at mulhple of 60 Hz

e sequence of “window multiplets”

v

Example: at 240 Hz reversal

Choose 2 pairs pseudo-randomly, force
complementary two pairs to follow

= o O
-

Analyze each “macropulse” of 8 windows 5 :
ether llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll [}

MOLLER wzlf plan to use 1.96 kHz reversal; subtleties in detazls of timing (e.g. 64-plet)
Noise characteristics have been unimportant in past JLab experiments:

Not so for PREX, Qweak and MOLLER....
SIS AT oI e 29 T e R R I —




Instantaneous Signal Rate ~ 100 GHz

Flux Integration

| 1 kHz Pulse Pair Width; ~100 ppm_ == 10 Billion Pairs: 1 pbb (average 107 s)
Calp\(imgter ;
= AF jap == | L
R 2F 77777 :copper  phototube integrator
electron flux [ : quartz
Detector D, Current I: F =D/l Al AE
2! 2E
I order: x,y, 0x,0,, E = N - .
II order: e.g. spot-size AD AD _Al
2D 2D 2|

After corrections, variance of Apair must get as close to counting statistics
as possible: ~ 100 ppm (1kHZz pairs); central value then reflects Apnys

Must minimize (both) random and helicity-correlated fluctuations in average
window-pair response of electron beam trajectory, energy and spot-size.

The characteristics of the JLab beam, both at the 2 kHz time scale (~ppm,
microns), to grand averages over several days (~ppb, nm), are critical to

extracting a measurement which is dominated by statistical fluctuations.
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The nggs and sin’0,,

0.235 35 7O O TN TN T T VO R VN TN T T O VO R VN TR T T O D VN T O TN TR T T D D T
0-234] ot AL 0.23071 = 0.00053
0.233 0.233
A(P) 0.23131 = 0.00041
_0.232 130.232
L S —— IMOLLER
=5 0.231] _Jo.2a1 A(SLD) ke 0.23070 = 0.00026
c
»
0.23} 0.23
: Ay —¥—  0.23193 = 0.00029
0.229 0.229 . . :
: 023 0.231 0.232
0.228 : 0.228 Si"zew(Mz)m
0.227 - 0.227

1 BET) | 100 1000
0.245
M,, [GeV]

v deep-inelastic
scattering

I E1
MOLLER
0.240 - (lab)

The observation of the Higgs
boson and the measurement

of its mass has eliminated |
one of the main uncertainties  *™|

in precicse predictions of the | _.
Standard Model o om0 wm o

ey

PV DIS Witlt SoL1Dat1ab = 07— —P-A-Souder Ot 20 201 F

MESA(Mainz) 35 -3 Qweak(lab)

- EIC(statistical error only)
0.235 |- APV(Cs) SoLID(JIab)

sin%6 ,(Q)
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Trigger Issues
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SOLID Sensitivity

Depending on size and sign

as a dark matter candidate

MOLLER

Ramsey-Musolf & Su

2 15 _10 5 0 5 10
Qususy/ Qs (%)

1} | | | | | e e Does Supersymmetry provide q
X candidate for dark matter?
Z Z,
- ‘B and/or L need not be
X" conserved: neutralino decay

of deviation: could lose appeal

Leptophobic Z’° ° :
*Virtually all GUT models predict new Z’s ArXiv-1203.1102v1
*LHC reach ~5 TeV, but.... Buckley and Ramsey-Musolf
®Little sensitivity if Z’ doesnt couple to leptons 1V A
®[.eptophobic Z’ as light as 120 GeV could have escaped detection
q
Since electron vertex must be vector, the Z° cannot e q
couple to the Ciq’s if there is no electron coupling: SOLID can improve sensitivity
can only affect Czq’s 100-200 GeV range
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GUN

Pioneering Design from the mid-70’s; landmark publication in 1978

Schematic Overview

C.Y. Prescott, et al.

GoAs SOURCE

e Beam Monitors to measure

BEAM MONITORS
1 CURRENT
SACCEL. ENERGY
L—‘—- POSITION
ANGLE
| .
L i CCMPUTERJ

TO ELECTRONIC

TO €

rkiz TARGET ; -

MOLLER
POLARIMETER

LECTRONICS =—

* Polarimetry

helicity-correlated chan ges in eter e Flux Int "at'g
beam parameters Beam hek FogRgHence is C"\ﬂj ﬁfgg Iirfﬁ fPaNd
| r= ===’ Helieity State, followed by fﬁmﬂ g dti
P"mrce - Data-anallyzed-as-"pulse-paif¥1thout deadtime
specialized GaAs
optics AN = b o | - . s t——
laserH % DN J | R‘ | B %ns
100ky 5 HV .
j;orkelscell %' Window H lng
' \_ polarized : 1
electrons ]_ : :! ?l
I Accelerator | L L L L
half-wave plate ~
“_ BRSSO e T | 15 Hz
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Measurement of TSSA in SIDIS with SoLID on 3He

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

TMDs are a fundamental property of the nucleon. They provide a 3-D
description of nucleon structure in momentum space, and a direct access to QCD
dynamics. They involve correlations involving transverse momentum, nucleon
spin, and quark spin,

4 <10% d quark tensor charge (Collins moments)

% Fundamental property of nucleon
benchmark test of Lattice QCD

4 4D (x,Q%,z,P;) mapping of Sivers moments, etc.

current
quark jet

% Spin-orbital correlation: promising to access
Orbital Angular Momentum (OAM)

final state
interaction

% Provide precision data to test TMD
factorization and scale evolution

DTS T ST I 1A

spectatur>
system
proton

PA Souder, Oct 20, 2014



EW Physics and QCD Interplay

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

electrons VA y*

4 Inelastic backgrounds onLH: |p

% Inelastic e-p scattering in diffractive region (Q? «I liev2 wz

2 GeV?) pollutes the Maeller peak é é

4 Box diagram uncertainties

Physics of SOLID ) )
% Higher twist effects S A O B

(a) (b)

% charge symmetry violation in the nucleon

* “EMC” style effects:

ark pdfs modified in nuclel
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i

0.60 < x < 0.67

D
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|45 <02« 59
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085 <x<080

Distribution of D

0.0%

:0.45<l<0—5° I ’0.090

S

| 50<Q*"2< 8.1

| [or

067 «x <082
« 70<Q*2<120

S Events

045<x <050
7.2<Q%2<100

| 055<cx<080
 B1<Q*2<110

[ 020<x<r10

« 30<Q*2<120
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Projected PVDIS Data

M B B b B B R Rl B e b b B b B R L B B e B b b B L R B B b B B L R B B B B e B b L R R b B b b B B L B B b B B B L R R B B b

| -0.06 -
H61 P63 :
e -0.08 =
5 LT PVES + APV
H51 : @.52" o -0.10 = B SLAC-E122
#5645 59 ot E JLab-Hall A
‘).50‘L -0.12 = I all published
&5 E o
‘ 16 § )
e os8 O et E BN SolLID (proposal)
048 &2 3
o -0.16 =
6@.96"' §
é. 0 18 _E 2 eu ed
| 1 | | | s é [ g -g ]VA
0.2 0.4 0.6 0.8 3

Asymmetries

Xy -0.20

-0.22

-0.76 -0.74 -0.72 -0.70 -0.68

Coupling constants
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A Special HT Effect

The observation of Higher Twist in PV-DIS would be exciting direct evidence for diquarks *

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

following the approach of

Bjorken, PRD 18, 3239 (78), V = (;}/ﬂu = Eyﬂd)c) S = (&)/MM e Eyﬂd)
Wolfenstein, NPB146, 477 (78)
(VV)=1,, [(D|V*(x)V (0)| D)e™*d"x

Isospin decomposmon
| before using PDF’ s > — <SS> Fl’YZ |

\/—m [a(x)+ f()b(x)]

Higher—TWist valence quark-quark correlation Zero in quark-parton model

\
> (SS)=((V =S)7 +8)) <1, | <D|u(x)y u(x)d (0Yy" d(0)>e"”“a’4

(c) type diagram is the only operator
that can contribute to a(x) higher

twist: theoretically very interesting!

oL contributions cancel
HTITINIIINIININIIInN,

(C) Castorina & Muiders, ‘s4 Use v data for small b(x) term.

—PVDIS - WitT Sol11D) atjian A== = PASonde i e




A Special HT Effect

The observation of Higher Twist in PV-DIS would be exciting direct evidence for diquarks *

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

following the approach of

Bjorken, PRD 18, 3239 (78), V = (;}/ﬂu = Eyﬂd)c) S = (&)/MM e Eyﬂd)
Wolfenstein, NPB146, 477 (78)
(VV)=1,, [(D|V*(x)V (0)| D)e™*d"x

Isospin decomposmon
| before using PDF’ s > — <SS> Fl’YZ |

\/—m [a(x)+ f()b(x)]

Higher—TWist valence quark-quark correlation Zero in quark-parton model

\
> (SS)=((V =S)7 +8)) <1, | <D|u(x)y u(x)d (0Yy" d(0)>e"”“a’4

(c) type diagram is the only operator
that can contribute to a(x) higher

twist: theoretically very interesting!

oL contributions cancel
HTITINIIINIININIIInN,

(C) Castorina & Muiders, ‘s4 Use v data for small b(x) term.
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Why HT in PVDIS is Special

Bjorken,

PR R R e e g =
Wolfenstein, Aocl“Vf<D|] (x)J (0)+J%(x)/ (O)|D>e d’x

NPB146, 477 (78) L, (D] j*(x)j*(0)| D)e"d*x

s (ﬁmu ~dy,d )< D= (%u +dy d ) =1, f<D V“(x)V (0)| D)e " d*x

Isospin decomposition Gt iy l e i
before using PDF’s = (G =g )< >+ 3 (G + 1d)< >
A 1 Zero in QPM

(7)+ L (ss) /
(17)=(SS) = ((V =)V +8)) &, [(D [u(x)y “u(x)d (0)y"d(0) )" d*x

HT in F, may be dominated \
by quark-gluon correlations Higher-Twist valance

quark-quark correlations

Vector-hadronic piece only

Use v data for small b(x) term. A number of calculations (bag
model, ...) predict negligible effects.

11/10/11 PVDIS at JLab
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QCD: Charge Symmetry Violation

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

u? ;(3”'(i3) = ou(x)=u’(x) —d"(z)
dP(x) = u"(x) = od(x)=d’(x) —u"(x)

We already know CSV exists:

4 u-d mass difference  6m = m -m_ = 4 MeV

2
Apv ut.r [(x
5M = M,-M_ = 1.3 MeV P u(x) + d(x)

4 electromagnetic effects

100 — Valence quarks

sz
Broad x> minimum

50 N o ) ,
MRST PDF global with fit of CSV (QOA CL
Martin, Roberts, Stirling, Thorne Eur Phys J
C35, 325 (04) R R B R _
11110|8l 0[6 OI4 I0|l l(I)HIOIHIOI-J,IHOI6 Il0?8“[1
K
11/10/11 PVDIS at JLab
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CD: Higher Twist--MRST Fits
Q & Order of DGLAP
| 20— 2 I I |
| F,(x,Q2)=F,(x)(1+D(x)/Q?) influences size
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ of HT
Q2=(W2‘M2)/ ( 1/ X'l) | MRST (Higher Twist Coefficients) |
£ "[AT Coefficients D(x)
2R )2 ® g DO
| Q . (W 2) —— NLO
| ?\ARST PLB582, 222 (04) 5| T NLO
D(X) D/szin (%) 6~
! 2 3 3
X Q.. | LO | N°LO | LO | NLO s+ Asymmetry
0.1-02 | 05 | -.007 | 0.001 | -14 2 s
S ST R RO BBl S 01008 = 1010 =200 i/ i ___2,/
TS St B 6= -0/001 | 3.5 | 05 B T
0.4-0.5 2.6 s 0.11 8 4 [ MRST (Higher Twist Coefficients) |
Do e S e o D P R R S e ) = : :
e s ol A A5 | i PDF’s Higher twist
B0 |- | e e RO e S e falls slowly
) C(;L‘)- - compared
| F ,
A — Apv |1 4 C to PDF s
meas., — <PV ! 3 s
()- at large x.
. 04
If C(x)~D(x), there is large
SEHSlﬁVlty aI |arge X, 06335 0.25 0.35 0.45 0.55 0.65 075 Xe
11/10/11 PVDIS at JLab
=PV DIS b Wit SoldD at]an A4 PA Souder, Oct 20, 2014




IPVES Initiatives: Complementarity

000000000000000000000000000000000000000000000000000000000000000000

Courtesy:
M. Ramsey-Musolf

2Coy — Cad]

A
Q W Q \];j)\/ u-quark

dominated dominated

Semi-Leptonic
vector-quark couplings

axial-quark couplings

d-quark

SUSY Loops » Qw® and QwP::same absolute shift, smaller for others
GUT Z R High for Quw(Cs), Qwé(relative), smaller for others
Leptophobic Z’ bl axial-quark couplings (C:2’s) only

RPV SUSY =) Different for all four in sign and magnitude

m

Lepton Number Violation I Qwe only

Leptoquarks semi-leptonic only; different sensitivities
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