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@ The Standard Model of Particle Physics
@ How should we search for new physics?
@ Electron scattering, from elastic scattering to DIS
@ Parity Violating Electron Scattering (PVES)
@ electron-quark effective coupling from PVDIS
@ Summary
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From Leptons and Quarks to the Cosmos
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The Standard Model (1) the elementary fermions - quarks
and leptons

SIZE IN SIZE IN (2) the symmetries (gauge invariance
ATOMS METERS . .
o — interactions)
10 L
(3) the origin of masses

Standard Model of Elementary Particles
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The Four Interactions

Electromagnetic 102 SU(2)xU(1)
Weak 10 at low E

Strong 10-1~1Q° SU(3) QCD
Gravitational 10-38 General relativity
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The Four Interactions

Electromagnetic 102 SU(2)xU(1)
Weak 10° at low E

Strong 10-1~1Q° SU(3) QCD
Gravitational 10-38 General relativity

QED: tested to 10 accuracy Weak

[(g-2) value of electrons] @ unified with electromagnetism
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Limits of the Standard Model

(choose your favorite question, from physical to philosophical: )
- Why are there three generations of quarks and leptons?
- Are quarks and leptons "the end of the matter compositeness”?

- Why do quarks have charges +2/3 or -1/3? Why do protons and
electrons have opposite charges?

- How do we include gravity in quantum field theory? Should we
attempt to explain gravity using quantum field theory method?

- How do we explain dark matter? (let alone dark energy)
- Why are neutrinos so light in mass?
- And many morel

The Standard Model is "an effective theory at the electroweak scale”
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The Four Interactions

Electromagnetic 102 SU(2)xU(1)
Weak 10° at low E

Strong 10-1~1Q° SU(3) QCD
Gravitational 10-38 General relativity

QED: tested to 10 accuracy Weak
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Caught in the Act |
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Could the "repetivity” of the three generations
be an indication that quarks and leptons are
composite particles? And what if they are?

Could the decay of these particles an indication
that they are composite particles??
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How should we proceed?

Look more into math - Can the symmetries be unified? (6rand
unification theory); Can there be higher levels of symmetries
(supersymmetry)? - look for new phenomena predicted by GUT.

Look more into matter, are there more layers beyond quarks and
leptons? - lepton and quark compositeness

Look more into existing discrepancies - muon g-2, proton radius, dark
matter (searches) - measure them to higher precision! but can be
clouded by experimental systematics, or the ability to experiment!

Try to find new discrepancies by measuring physical quantities to
high precision - rare decays, universality, EDM, precision PVES... ...

Look for new particles, new phenomenon, forbidden processes etc - a
little harder, since it may not be clear where to look ... ...
(Example: the simplest extension to SM would be another U(1)
group/symmetry, a leptophobic Z'...)
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More unification?

A popular idea is "Grand Unification Theory” (6UT) - the electroweak
unification works so well that we think more should be unified

Pushing it one step further: quantum field theory works so well for 3 of
the 4 interactions that we think it should also apply to gravity -
quantum gravity, "Theory of Everything”.

SU(3) Color

(Grand Unification)

SU(2) EW
(Theory of Everything)

U(l) EW Gravitational

>

(103GeV  ~ 5x 10" GeV ~ 2.4 x 10" GeV)?
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SUB)as GUT ?

Y T, . A '

D'=d"—ig, = Bu_ig25 Wlljt_lg?)?a G" U(I)XSU(Z)XSU(%)? Tha1ts too

many groups! Let's make it onel
v, '

- SU(5) multiplet: e|| Ws - there must exist new gauge
d, bosons to "convert” from the
1,|| gluons upper doublet to the lower

b/ |1 triplet - "X" and "Y"

It is certainly very attractive. It explains why quarks have charges
+2/3 and -1/3 (of e). It unifies all three forces (o , 3) to one (as)

One way to look for GUT is to measure proton decay p = e+ 79,
predicted lifetime 1031 years (or longer), but so far experimental limit

has proven otherwise.
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How should we proceed?

Look more intfo math - Can the symmetries be unified? (Grand
unification theory):; Can there be higher levels of symmetries
(supersymmetry)? - look for new phenomena predicted by GUT.

Look more into matter, are there more layers beyond quarks and
leptons? - lepton and quark compositeness

Look more into existing discrepancies - muon g-2, proton radius, dark
matter (searches) - measure them to higher precision! but can be
clouded by experimental systematics, or the ability o experiment!

Try to find new discrepancies by measuring physical quantities fo
high precision - rare decays, universality, EDM, precision PVES... ...

Look for new particles, new phenomenon, forbidden processes etc - a
little harder, since it may not be clear where to look ... ... (the
simplest extension fo SM would be another U(1) group/symmeitry,
a leptophobic Z'...))
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Look more into matter, are there more layers beyond quarks and
leptons?

Yes,

No,
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Look more into matter, are there more layers beyond quarks and
leptons?

Yes, The word "atom" (a-tomos) originates from ancient Greek
philosophers, who argued that objects can be eventually divided into
discrete, small particles, beyond which matter is no longer cuttable...
... yet our research in the past century has proven just the opposite!

No,

Or maybe the Greeks are correct?
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From Rutherford Scattering to Today's Electron Scattering

SIZE IN SIZE IN
ATOMS METERS
10—10
10,000 000 ‘33 10~
100, 000 10‘15
at most
100, 000 000 . 1018
quarks e
“preons"?
(#1F?)

Just as nuclear power was inconceivable before the
discovery of atomic structure, unveiling a new layer
of matter would reveal phenomena we cannot imagine.
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I assighed this as a Modern Physics Homework

SIZE IN SIZE IN . binding
ATOMS METERS OXx ép= D i energy
) 0_10 needed

electrons in an atom 10-19m ~ keV xeV

10,000 ‘D 10 14 nucleons in the nucleus | 10¢14~19)m| 210°MeV | #10'MeV

1 quarks in nucleons 10 m x2102MeV (*102MeV)

100,000 1()‘15
preons in quarks 10-19~18 m - 5
100, 000 000 . at Hﬁft and leptons:
quarks e 10
“preons”?
(15 7)
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I assigned this as a Modern Physics Homework
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at most P dl q : 10 m 1TeV 1TeV
100, 000 000 101 and leptons:
quarks e
“preons”?
(#1F?)

iilil UNIVERSITYzf VIRGINIA X. Zheng, July 2018, Summer Lectures at Hadron Workshop, China - Lecture #2



I assigned this as a Modern Physics Homework

SIZE IN
ATOMS

10,000 ‘D

1
100,000
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SIZE IN
METERS

, binding
Ox 6p=-— | energy
2iox needed
electrons in an atom electromagnetic interaction
I I

| in th | pion exchange (effective theory
hucleons in the nucleus based on strong interaction)

quarks in nucleons strong interaction

at most

preons in quarks

hew interaction

and leptons:

* If preons exist, they must interact through a new
interaction, with an energy scale at the TeV level; The
effect would be extremely small at low energies.

* This process could continue indefinitely... maybe until
the Planck scale
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Look more into matter, are there more layers beyond quarks and
leptons?

Yes, since our quest for the structure of matter seems to continue indefinitely. It is
hard to believe that nothing happens between 10-18m and the Planck scale (10-35m).
And you have seen, each smaller layer will reveal one newer interaction at a higher
energy.

No, because the Standard Model is a “relativistically correct quantum field theory".
Therefore, if quarks and leptons have substructure, QFT must break down at that
scale as well.

It is possible this will not happen until the Planck scale, where the concept of
continuous space also ceases.
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How should we proceed?

Look more intfo math - Can the symmetries be unified? (Grand
unification theory); Can there be higher levels of symmeftries
(supersymmetry)? - look for new phenomena predicted by GUT.

Look more into matter, are there more layers beyond quarks and
leptons? - lepton and quark compositeness

Look more into existing discrepancies - muon g-2, proton radius, dark
matter (searches) - measure them to higher precision! but can be
clouded by experimental systematics, or the ability to experiment!

Try to find new discrepancies by measuring physical quantities fo
high precision - rare decays, universality, EDM, precision PVES... ...

Look for new particles, new phenomenon, forbidden processes etc - a
little harder, since it may not be clear where to look ... ... (the
simplest extension fo SM would be another U(1) group/symmetry,
a leptophobic Z'...)

@UNIVERSITYGJ‘VIRGINM X. Zheng, July 2018, Summer Lectures at Hadron Workshop, China - Lecture #2



Try to find new discrepancies by measuring physical quantities to high
precision - rare decays, universality, EDM, precision PVES... ...

The electroweak mixing happens in the neutral weak interactions.
Therefore, neutral weak processes provide a rick playground for SM
physicists!

This is the role we play with electron scattering.
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The Four Interactions

Electromagnetic 102 SU(2)xU(1)
Weak 10° at low E

Strong 10-1~1Q° SU(3) QCD
Gravitational 10-38 General relativity

QED: tested to 10 accuracy Weak
[(9-2) value of electrons] @ unified with electromagnetism

900‘2 m @”’“@ Fﬂ@ FM@ @ By measuring the neutral weak process
(®\ @ (@\ /@\ m (APV, Qweak, Moller, PVDIS etc)

gon e O B A Strong

g% {o“\\ & {M‘g _@_ @ quasi-free at small scales, color

confinement at large scales
DR @,@ o

@ By looking into processes

ﬁ% @ @ @ 9 involving the nucleon or quarks
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Brief Introduction to Electron Scattering
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Electron Scattering on Fixed Nuclear or Nucleon Targets
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to detector
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Electron Scattering on Fixed Nuclear or Nucleon Targets
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/ Three kinematic regions

"Elastic": W=M_ or M :
M p We can select the physics by

choosing carefully the angle and the
momentum of scattered electrons

Cross section
From cross section we extract A

“elastic form factors" 0.4

"Resonance":
1<W<2GeV

0.2

of quarks; directly probes the quasi-free 290

. . C tant W

& quarks inside the nucleon. (rggsnzr;lces)
EXYY W=M
E% 2 @ t&% ] 8 (quasi—elastic)
E -
Ea?ig p o @ 10-%m or Q% (GeV/c)?
S " 4

AN smaller
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Parity Violation in Electron Scattering
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Symmetry - an object or process remains the same after a certain
transformation
. Natural objects often exhibit
- Circular symmetry  o1tqin symmetry, indicating
such symmetry must be presen
in the physical/ chemical/
biological law behind it.

Symmetry fulfills our strong
desire of simplifying our lives,
and search for beauty.

We often design objects or
architecture following certain
symmetry rules.
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Parity Symmetry

If a system is described by a function ¢, and if it satisfies:
¢(F)=¢(=F)

we say that the system remains unchanged (invariant) after the parity
transformation ¥ —7 , and that the system exhibits the parity symmetry.

Very often, we care only the one- or two-dimensional description of a
process. In this case, parity symmetry is equivalent to the mirror
symmeftry: If the process appears to be the same as its mirror image, we
say it exhibits the mirror symmetry or "left/right symmetry".
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Parity (Mirror) Symmetry
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Parity Violation in Electron Scattering

lectron to detector
electro
beam ./ 5

= e | '

S5
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Parity Violation in Electron Scattering

to detector
to detector
electron / \ elsc’rr‘on
beam PS @ eam

I L
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Parity Violation in Electron Scattering

electron
beam

= e |

S5
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to detector

e

to detector

N

electron
beam

B =

L

T

draw this on a piece of
(transparent) paper, then
flip it to the left
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Parity Violation in Electron Scattering

electron electron
beam ./ beam ./

~o> o= ]

e L0
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Parity Violation in Electron Scattering

to detector
electron / olectron to detector
beam ® beam ./

o> o= ]

s L0

@ If parity symmetry were exact, then the physical law behind a
process is the same as the law behind its mirror process.

@ Tn the above case, the scattering probability (cross-section) should
be exactly the same for these two processes. That is, should be
exactly the same between left- and right-handed beam electrons.
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Parity Violation in Electron Scattering

fo detector to detector
electron /' electron /
beam ® beam ®

s L0

@ We can access parity violation by
the count difference between left-

and right-handed beam electrons. \/ \ /'
@ In the Standard Model, only weak
interaction violate parity symmetry. SY

AVAVA!

The "asymmetry” is given by the
interference term between:

Gr_Gl N Q2
HooT+e! M
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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: g, ~(g9,+9,) 9,~(9,-9.)

: i i L8
—l'gz—zy’u go—g5y° fermions | 9a=Iz | gy =I3—2Qsin" 0y,
1 1
e\/é Ve, VM 2 5
1 1 )
70 e - §+251n 0y
e 1 4 9
/\ u, C 5 E gSlIl
[for charged weak interaction, i L l _l + E sin 9
there is no mixing with 2 2 3

electromagnetism and the vertex
is simply ~ y"(1—y°) ]
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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: g, ~(g9,+g9,) 9,~(9,-9.)
sPVES asymmetry comes from V(e)xA(targ) and A(e)xV(targ)

/
e\v—A/ve N

ZO

/V—A\A “V-A

@UNIVERSITYGJ‘VIRGINM X. Zheng, July 2018, Summer Lectures at Hadron Workshop, China - Lecture #2




Standard Model Predictions for PVES

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

or “vector” and "axial” weak charges: g, ~(g9,+g9,) 9,~(9,-9;)
sPVES asymmetry comes from:

C1,=2949y, C2,=29y ga

V-A -V-A “electron-quark
e\/ve c © effective couplings”
Z° and can be directly

related to sin?o,,
M—A\f’ TN
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Parity Violation in Deep Inelastic Scattering

2 XEXBjorken yEl_E'/E

“EQ [alx)+Y (y]blx)

A, =—=
PV \/2710(

q; [ x)=q;[x)+q;lx]

qi.(x)

q; (x)=q;(x]—g;(x]

e ng _1 Z C5Q;q; x|

Y C.0.a"
G(X):%gi—l_lz thql (X) b(X)

FY 2 Y Qg lx F! 2 Y Qlqhlx

For an isoscalar target
(3H), structure functions

X/A\&Iargely simplifies: S
a(X):—(ZC —C )1+ i 3 uy*dy

1u 1d u+.N+\.‘ b(x):E(2C2u_C2d) ut+dt
0

PVDIS: Only way to measure C,, among current EW experiments
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SLAC E122 (1978)

@ The first PVES experiment measured sin®0,, for the first time,
established parity violation in neutral weak current and the

Weinberg-Salam-Glashow model. DEUTERIUM TARGET
5 —w-s - (5]
O
X Kﬁ\ sin® Sw
A
T2 0.3C

A/Q% (Gewe) 2

Prescott et al, Phys.
Lett. 77B, 347 (1978)
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Physics Accessed in PVES

@ The first PVES experiment measured sin?6,, for the first time,
established parity violation in neutral weak current and the

Weinberg-Salam-Glashow model. DEUTERIUM TARGET
5 —ws - ()
@ In the late 1990's - ~ 2006, PVES was N 28,
used to measure the nucleon strange form -2\ .30

factors in the elastic domain

@ Nowadays, PVES is being used to test the
Standard Model, and to set limits on new
physics: PVES in elastic scattering can
access €, while PVDIS can access both C_

and C, .

A/Q% (Gewe) 2

Prescott et al, Phys.
Lett. 77B, 347 (1978)
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PV DIS and Other SM Test Experiments

@ £158/Moller (SLAC) @ Afomic PV @ NuleV (FNAL)
€ < - v u ¥ v
€ \/ \/
+ Z
£ ®) | = e
© e + Weak CC and NC difference
+ Purely leptonic « Coherent Quarks in the « Nuclear structure?
Nucleus + Other hadronic effects?
. -376C, - 422C,,
@ Qweak (JLab) + Nuclear structure? @ PVDIS (JLab)
e e
, Different Experiments
‘ Probe Different L
Parts of Lagrangian,
PVDIS is the only one accessing C,,
+ 22C,+C,) the "proton _ _

weak charge Cartoons borrowed from

R. Arnold (UMass)

« (2 Clu_ Clo’)+ Y@ Czu' C2o’)
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Some Recent Results from JLab

(I will only present PVDIS. for Qweak results please
come to the workshop)

@UNIVERSITY@“VIRGINM X. Zheng, July 2018, Summer Lectures at Hadron Workshop, China - Lecture #2



Formalism for PVDIS

_GpQ°

A=
Vo 2 na

lalx]+Y(y]b(x)

For an isoscalar target (2H):

3
alx)==—
10
filli UNIVERSITYo VIRGINIA

b(x):%(ZCZU—CZd)

0.6s™
u+. +d+.

1+

2€,,=Cyy)
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C,, from E122 (before JLab)

ZCZU'CZd

-1 | | | | | | | | |
-150 -1.25 -1.0 -0.75 -0.50
2Clu“Cld
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then zoom in
0.

0.0

-0.1

-0.2

ZCZU-CZd

-0.3

]IIIIIIIIIIIII’IIII’IIIIllll‘lllllll

QI

"‘ -

_1 | | | | | | |r | | ‘

-150 -1.25 -1.0 -0.75  -0.50
2C, -C,,
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PVDIS at 6 GeV (Jeffersonlab) [ . " | == = 7

-, 1 g |
/  Salem > iL" MT MM
APPLIELY RESEARCH CBNTER d rd c\\ | A red .
I {Bois [ —— so ¢
. " I * o Farrs BLlP 'I; ]
' ) T / I ® Piarre St Paul™,
bl ] ]: LU{. aﬁi-"DN 40 { | — wr l e o - \-‘-hl;ﬂ‘s L
35,:1:%.,11:;-[0‘\3a|:5r_1l1 City { ] ,ch'-"_-'(-"lr"t.- NE\_ ..\‘l Iﬁ-\. e /
alt Lake Cily L Lihcolne Y poEoe T |
. N\ Falt Lake Cily Datuar I__l-n‘.JIr - \\[,1‘3 5 ndial

N [
5 \ .

Jefterson Lab

30

25

# 100uA, 90% polarized beam
on a 20cm liquid deuterium
target

¥ Measured two DIS points:
Q?=1.085 and 1.901 GeV?

+ LOT 2003, proposal
approved 2005 and re-
approved in 2008; ran in
Nov-Dec. 2009, four
publications in 2012-2015.

::::::

-
CeRCTHTL
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PVDIS at 6 GeV (JLab Hall A)

+ Results:

Aghysl 085,x=0.241 EL Ry st vt 2 2

compare to

A™=(1.156x10"*)(2C,,—C, ,)+0.348(2C,,—C,,)

Aghys1 901, x=0.295 R R e S

compare to

A™=(2.022x107%)[(2C,,—C,,4)+0.594(2C,,—C, |
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On the e-q VA Previous data: E122, Elastic PVES + APV

Couplings OFE
E 1r [,
s - 0.0F
- 3 _— -O.l; *
O | g
_ E -0.2
O 20 :
N[ 030
1 041
0 E A \ |
_1 i | | | | | | | r

150 -125 -10 -075 -050
2C, -C

il : o 1u 1d .. ina-Lecture #2



On the e-q VA Add JLab 6 GeV PVDIS

Couplings OFF
i a0

4 : [\
i 0.0

9 3 0.1} %
\')3 I 0.2
O 2 [ ;
N B -0.3
1 b 04/

: =675:||||||||||||||
R — 09 -08 -0Z—-66 -05 -0.4

R R ||

150 -125 -10 -075 -050
2C -C
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On the e-q VA best fit
Couplings

II||I|I|III|III|II
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-0.1
-0.2
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-0.4

IIII|IIII|IIII|IIII|IIIIIlII‘IIIIlII

N
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lllll
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-0.8 -0

B MR CFIOEE i
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r
Bl L]1 YAV LANULL LY Y LI ALY N LNENY, iy evaiu, vunnner =<SLIUNED Ul FIUUIUIL VW UIRDTIUP, China - Lecture #2

-0.50

-05 -04



oo

| PARTICLE PHYSICS | |’1.
Quarks are not f

ambidextrous

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

Marciano., Nature 506, no. 7486, 43 (2014);
( Quarks are like people, most prefer fouse 4 4
their right hands, but some prefer left...) '

lllllllllll[

0.0

T 02
O 2 ol
~ 03

The value of 2C, -C,, is 26 from zero -

clearly identified parity-violating Ly Ly
0 contribution from quarks’ parity- m 4
violating property

lll|lll|ll

|

I

[

_ i e "Measurement of parity violation in
150 125 -1 electron-quark scattering”

2C Wang et a!., Nature 506, no. 7486, 67 (2014);

1u 10

N
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yesiol e Description of New Physics
10‘“’
- SE
S sp=—— | (binding
1 3 i energy)
’ 10—14 .
0% ‘a electrons in an atom 10%m ~ keV & eV
100,1000 10—15 nucleons in the nucleus| 1061®m| 2102MeV| *10':MeV
at most  quarks in nucleons 10-m 2102MeV |(*102MeV)
100, ooo 000 ‘ I
preons in quarks 101918y | ® 10°GeV | yTev
and leptons: -TeV

|

“preons"?
(#F7?)

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

"Bw =(g2/2A2)[m L‘IL Vp‘@LﬂWWL T T]RRQ’TRV]U ‘PRJRY”‘PR +2T}RL$R?’;1¢R$L?#I¢L]-

mass scale A

filli UNIVERSITY,/ VIRGINIA
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}

Searching for "New Contact Interactions’ THE

e
OF
PHYSICS

Below the mass 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.

8\/371

i W)

A:V IRT F SNJ I\:f | TT.\E
[6(2C2u=Cadleay) st
/
\V—A/v V-A e e
e e e e V-A
m “V-A V-A
q q ¢——— g | ; !

- Erler&Su, Prog. Part. Nucl. Phys. 71, 119 (2013)
ik UNIVERSITYof VIRGINIA X. Zheng, July 2018, Summer Lect _



Limit on new eq VA contact interactions

8\/371

A=v

(5(2(:2“—6

o

(PS it was an awkward
timing that our Nature

paper was released on
Feb. 14™, 2014)

filli UNIVERSITY,/ VIRGINIA

-

i 15 / /

10

new physics excluded
from the red region

O1

A (2, -C,,) (TeV)
o

O1

10

15

15 10 5
A

X. Zheng, July 2018, Summer Lectur—. ..

0 5 10
(ZVC'I'U—C1 ) (TeV)

ot . EAAIRL L A SRELR e e ;12



Contact Interaction Limits from LHC (PDG)

Colliders measure
combinations of
(VV+AA+AV+VA), no
individual access to AV
or VA terms |

PVES is complementary
to collider searches

+
Av-a)
Ay

Inclusive Jetsf.

ATLAS

~ CMS
3
) : 1
: ]
: 1

I LT Expecte;d

AL

M :
| | | | | | | | | | | | i | | | |
6 8 10 12 14 16

Contact Interaction Scale Limit [TeV]
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Parity-Violating Electron Scattering - Past, Present, and Future

- e Generation | Comi :
10°E o Generation I N oming up
- o Generation lll
- e Generation IV “ SolLID (PVDIS)
10° and Moller have
= both been
. recommended by
10° & the 2015 NSAC
S Long Range Plan
=" L
<«
= 107 3
10° =
0= MOLLER
E ° 7
10‘10_III|\/| IIIIII\/I IIIIII| IIIIII| Juiai] IIIIII| ] IIIIIII|
10° 107 10° 107 10 105
PV
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Coherent PVDIS Program with SoLID @ 12 GeV
! i I i ice”

X & viewer-0 (OpenGLImmediateQt)

The 2015
LONG RANGE PLAN
for NUCLEAR SCIENCE

file:///home/zw: Efile;///home/zw:  Efile:;///homefzw: | @ pvdis 01 07 p

E.Chudakov: Sol & file:///home/zw: & Resource - Calo® EBMySQL Workhe
qemc____ ) ¥ viewer-0(Open
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Coherent PVDIS Program with SoLID @ JLab 12 GeV

ed
29”9 ],y

0.5

0.4

lllllllllllllll[lllllllllllllllllllllllllllllllllllllllllllllllllll

=

I lllllllllllll[l

LI

;_ -0.06 = Qweak + APV
2 1 | M SLAC-E122
i 2 -0.08 = JLab-Hall A
E 3 | B all published
0.2 -0.10 < R
3 3 | I SollD (proposal)
0.1F -0.12 4 L
N
0E -0.14 4 3 I2 g°"- 91,
0.1F -0.16 3 =
02E R EE Goal on C, : one
order of
0.3F -0.20 4 = :
maghitude
-0.4F -0.22 i i
: 0.76 -0.74 -0.72 -0.70 -0.68 3 improvement
_0.5 EIIIIIIIIIIIIIIIIIIIIIIIIII II IIIIll]lIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE Over‘ 6 Gev
D@ D8 07 06 06 04 O3 93 W1 0

]
Blllve NIV EROLL TG Y LRGLINLA
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Coherent PVDIS Program with SoLID @ 11 GeV

[2 geU_ ged]Av
SLAC-E122
JLab-Hall A
- = = SoLID
[2 geU_ ged]VA
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o be Running weak mixing angle

results and prospects
UpdC(TZd 0.245
0.240 Q,,(p) .-IQW{E} NuTeV
=
= Q, (APV) |
~C 0.235 w eDIS
=
7}
= Tevatron ;EE 1
0-230 MOLLER =
Mainz-P2 T I SoLID

. LHC 300/fb

Mainz-C T T Qweak (final) = LHC 3/ab

0.225 il
0.0001  0.001  0.01 0.1 1 10 100 1000 _ 10000
u [GeV]

Figure from Jens

Erler, WIN2017
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SIZE IN
ATOMS

10,000

‘b

1
100,000

100, 000 000 ‘

|

?

filli UNIVERSITY,/ VIRGINIA

Summary

__h binding
SIZE IN o) op= ——
METERS - 20K energy
10—10
electrons in an atom 10-0m % keV eV
nucleons in the nucleus| 10t14~1®m | 2102MeV [#10'MeV
10 —14
quarks in nucleons 10m #102MeV (*102MeV)
10_15 e ~ 10°GeV
within quarks and 101918 m 2TeV
leptons: -TeV
at most
10—18

By conducting high precision measurements with
high intensity electron beams, we are now
venturing into a new era of studies of the
Standard Model and the subatomic structure of
matter, in a way that is complementary to the
direct search of new physics (at colliders).
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