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Electroweak Standard Model

@JLab 6 GeV PVDIS results and mass limits on new contact
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@JLab 12 GeV PVDIS with SoLID
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"Opening Quiz" - A typical Modern Physics homework
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Electron Scattering on Fixed Nuclear or Nucleon Targets

to detector
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// gelastic: W=M, or M, Three k!nema’rlc
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Cross section
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Parity Violation in Electron Scattering

N to detector
beam ® -
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@ If parity symmetry were exact, then the physical law behind a
process is the same as the law behind its mirror process.
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Parity Violation in Electron Scattering_

to detector to detector
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Parity Violation in Electron Scattering

to detector to detector
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Parity Violation in Electron Scattering

to detector to detector

e|eC1'r‘0n / elecfr‘on
beam /

® beam

~o> <o=——{ °

@ We can access parity violation by € e e e
the count difference between \// \ /

left- and right-handed beam
electrons.

@ In the electroweak Standard /\\ /\

Model, this is given by the
interference term between:
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Standard Model Predictions for PVES

s Unlike electric charge, need two charges (couplings) for weak

interaction: g , g,
or "vector” and "axial" weak charges: 9,~(9,%9) 9,~(9,-9,)
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Standard Model Predictions for PVES

s Unlike electric charge, need two charges (couplings) for weak
interaction: g , g,

or "vector” and "axial” weak charges: 9,~(9,%*9,) 9,~(9,-9,)
8 PVES asymmetry comes from V(e)xA(targ) and A(e)xV(targ)
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Standard Model Predictions for PVES

8 Unlike electric charge, need two charges (couplings) for weak

Interaction: g , g,

or "vector” and "axial” weak charges: 9,~(9,%*9,) 9,~(9,-9,)

sPVES asymmetry comes from:
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_V-A "electron-quark
effective couplings”

and can be directly
related fo sin®0,,
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Physics Accessed in PVES

@ The first PVES (SLAC E122, 1978) measured sin?0,, for the
first time, established parity violation in neutral weak current

and the Weinber'g—Salqm-Glashow model. CEUTERIUM TARGET
& —w-s - (5)
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Prescott et al, Phys.
Lett. 778, 347 (1978)
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Physics Accessed in PVES

@ The first PVES (SLAC E122, 1978) measured sin?0,, for the
first time, established parity violation in neutral weak current

and the Weinberg-Salam-Glashow model. PEUTERTUN “‘RGE(TEO)
5 —— W-S == &),

@ Nowadays, PVES is being used to test the i“\}\ in? 8,
Standard Model, and to set limits on new BN 0.507

physics.

A/0%  (Gevre) 2

Prescott et al, Phys.
Lett. 778, 347 (1978)
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Physics Accessed in PVES

@ The first PVES (SLAC E122, 1978) measured sin?0,, for the

first time, established parity violation in neutral weak current
and the Weinberg-Salam-Glashow model. DEUTERIUM TARGET

@ Nowadays, PVES is being used to test the
Standard Model, and to set limits on new
physics.

@ PVES in elastic scattering can access C,|
while PVDIS can access both €, and C, .

A/0%  (Gevre) 2

Prescott et al, Phys.
Lett. 778, 347 (1978)
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Best Data on C,  (eq AV couplings) from elastic

PVES+APV
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Formalism for PVDIS

_GpQ°
PV 2 na

A alx)+¥ (y)blx|

For an isoscalar target (2H):
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C,, from E122 (before JLab)
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then zoom in
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PVDIS at 6 GeV (Jefferson Lab) [ 5 7 e
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PVDIS at 6 GeV (JLab Hall A)

¥+ Results:

Ag”yslogsx 0 oqy =—91.10£3.11+2.97 ppm

compare to

A™M=(1.156x10"|[(2C,,—C,4]+0.348(2C,,—Cy

Ag’wlgm ) 295 =—160.80+6.39+3.12 ppm

compare to

A®M=(2.022x10" )[(zclu—cld)+0.594(ZCQU—Czd)]
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Previous data:

E122, Elastic PVES + APV
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On the e-q VA

Add JLab 6 GeV PVDIS

Couplings 0

IIII‘IIII|I

IIIIIIIIIIIIIIlIIIN’IIII

III|III|III|III|II

ll‘lll

USR]

llJ‘l

l

-0.8 -0

I

1 | 1 | | | | ||¥v| |

-150 -1.25 -10 -0.75 -0.50
2Clu_Cld

X. Zheng, University of Virginia, talk at Hadron2017, July 27, 2017, Nanjing, China

-05 -04



On the e-q VA best fit
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Fit

Quarks are not
ambidextrous

By separately scattering right- and left-handed electrons off quarks in a
deuterium target, researchers have improved, by about a factor of five, on a
classic result of mirror-symmetry breaking from 35 years ago. SEE LETTER P.67

Marciano., Nature 506, no. 7486, 43 (2014);
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o~ The value of 2C, -C, is 26 from zero -

clearly identified parity-violating
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1 contribution from quarks’ parity-violating
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g "Measurement of parity violation in
150 125 -1 electron-quark scattering”
ZC Wang et al., Nature 506, no. 7486, 67 (2014);
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Answer to the Opening Quiz

size in atoms and in meters _h binding
Ox P T ox energy
1 10"
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1 15 ,
100,000 ' preons in quarks 101918 | ¥ 10°6eV | sTev
1 ( and leptons: -TeV
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size in atoms

Answer to the Opening Quiz

and in meters
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“preons”?

5 | 35 | cnerey
electrons in an atom 10-%m & keV & eV
nucleons in the nucleus| 100**®m | 2102MeV |*10'MeV
quarks in nucleons 10-m x2102MeV (*102MeV)
preons in quarks 101918y | ¥ 10°GeV | oy
and leptons: -TeV

If preons exist, they must interact through a new
interaction, with an energy scale at the TeV level.

Loy =(g%/2M%) 0L Ly 7’&&1?“% + nRRlI_)R)’p YryrY " ¥R +27)RLZ/7R}’p¢R97L7“3PLj-
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Effective Couplings and New Contact Interactions

Below the energy scale A: such new physics will manifest itself as
new llgg-type 4-fermion contact interactions, that modify the values
of C,,and C, from their Standard Model predictions.

/
V- V-A
e\A/' e | e e e\ va /e
/V;A\A V-A

o
q q ¢——q ; :

Erler&Su, Prog. Part. Nucl. Phys. 71, 119 (2013)
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Effective Couplings and New Contact Interactions

Below the energy scale A: such new physics will manifest itself as
new llgg-type 4-fermion contact interactions, that modify the values
of C,,and C, from their Standard Model predictions.

e 8\/%7‘( 1/2
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o
q q g ———qJ ; :

Erler&Su, Prog. Part. Nucl. Phys. 71, 119 (2013)
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Limit on new eq VA contact interactions
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Running weak mixing angle

results and prospects
0.245 g
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Figure from Jens
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Contact Interaction Limits from LHC (PDG)
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We have made the Olympic qualifier, but the
semi-final is still a distance away

(EMBZARRE, ERaMEEE—EHES)
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Coherent PVDIS Program with SoLID @ 12 GeV

Planned for Hall A, SoLID
Physics topics include:

@ PVDIS
@ SIDIS
aDVCS
o J/vy

file:///home/zw> ®file:///home/zv- | Efile:///home/zwz  ©pvdis 01 07 p = |4 - B Y q C
E.Chudakov: So! & file:///lhome/zw> & Resource - Calo® EMySQL Workbe D ,_)) # : : c? )) - 10:38 PM (
gemc_____ ¥ viewer- -0 (Open BY*P X < Wed, 1 Jun
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Coherent PVDIS Program with SoLID @ JLab 12 GeV
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Coherent PVDIS Program with SoLID @ 11 GeV
[2 & 9%y

SLAC-E122
JLab-Hall A
=== SolID

[2 geU_ ged]VA
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SoLID in the 2015 US Nuclear Science Long Range Plan

...... Finally, the proposed multipurpose SoLID detector (see Figure 2.6) would
realize the full potential of the upgraded CEBAF.

SoLID boasts large acceptance detection with operability at extremely high
luminosities and offers unprecedented opportunities to provide precision 3D
imaging of the motion of valence quarks in the nucleon and to probe the
Standard Model.

Because of quantum corrections, 6W varies with the energy scale of the
reaction and could be influenced sensitively by non-Standard-Model physics.
New projects, SoLID at JLab and P2 at Mainz, Germany, are planned to limit
or discover such contributions in a manner complementary to MOLLER and
collider experiments. SoLID, whose design also enables a multi-faceted
hadron physics program, will measure the variation of 6W in a regime where a
previous experiment, NuTeV, found an unexpected discrepancy. SoLID has
unique sensitivity o new quark-quark neutral weak forces in an energy regime
that is challenging to isolate in other PVES and collider experiments. Indeed,
model independent considerations show that the projected sensitivity of all
three PVES proposals match, and in some cases exceed, the direct reach of
the next phase of the LHC, besides being mutually complementary.
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Summary

5x | 055 | e
electrons in an atom 10%m & keV & eV
nucleons in the nucleus| 10¢1*-19m | 210°MeV |*10!MeV
quarks in nucleons 10-m 210°MeV (*102MeV)
preons in quarks 101018y | ¥ 10°6eV | oy

-TeV

and leptons:

Precision PVES study and SoLID as one of the mid-
scale new construction projects, have become central
to the US 2015 Nuclear Science Long Range Plan. We
are now venturing into a hew era of Standard Model
study using tools from nuclear physics.
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size in atoms
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“preons"?

Summary

5x | 35 | cnerey
electrons in an atom 10%m & keV & eV
nucleons in the nucleus| 1001*®m | 2102MeV |*10'MeV
quarks in nucleons 10-m 210°MeV (*102MeV)
preons in quarks 101018y | ¥ 10°6eV | oy
and leptons: -TeV

Precision PVES study and SoLID as one of the mid-
scale new construction projects, have become central
to the US 2015 Nuclear Science Long Range Plan. We
are now venturing into a hew era of Standard Model
study using tools from nuclear physics.

"Physicists from China are driving a science program around the foreseen
SoLID apparatus.” (2015 LRP) - Let's keep it this way, or better, play more

leading roles in more SoLID science programs.
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Ly =220 [N Ly v Ly oL + NRrURY p YRERY YR + 2T R LRV RY VYL

VV=+LL+LR+RL+RR
VA=—LL+LR— RL+RR
AV=—LL—LR+RL+RR
AA=+LL—LR—RL+RR
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Accessing C, in PVES /

s Elastic PVES: e

— Hadronic effects suppressed, directly probes C, ,
(as the proton weak charge)

— Hadronic parity violation shows up as the nucleon
axial form factor G,, and extracting C, from 6, is

model dependent /
. o

PV in Deep Inelastic Scattering (PVDIS): — =4 ¢°¢

measure both C, and C, explicitly. 5

__eq __eq
Clq_gAV’CZq_gVA
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Our everyday life is so complicated that we keep
searching for simplicity. Symmetry fulfills this
strong desire.
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and VA BSM Physics
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Parity-Violating Electron Scattering - Past, Present, and Future
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Coming Next:

“ SoLID (PVDIS)
and Moller have
both been
recommended by
the 2015 NSAC
Long Range Plan
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