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PROBING THE EMC EFFECT

What we know: (See T. Hague’s talk)

= Parton distributions in nuclei are different
RA(x,Q%) = —— i Qz)n

ZF, (x,Q2%) + NF}'(x,Q%)

= Local density and SRC appear to be important

= Appears to follow a universal curve

What we don’t know:

+1

= Why does the effect exist at all?
Strongly interacting particles in residual strong field

Drell-Yan Ratio

= |s the effect in sea quarks absent? Or enhanced?
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FLAVOR DEPENDENT EMC

= Most models of the EMC effect assume that the effect is flavor blind:

ug(x) _ da(x)
ur(x)  de(x)

» This symmetry is not demanded by any underlying physics!
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FLAVOR DEPENDENT EMC—CLOET, BENTZ,
AND THOMAS
2
General idea =
= For N # Z there is a small isovector-vector =
mean field, p° =
= Additional vector i . " ]
— attraction for u-quarks 06] ——— Ry o valy S
— repulsion for d-quarks ! 02 R 0 !
. Z/N =26/30 (iron)
B T e~ S
E 0.9}
S
=it
0‘7__ ----- -R;LEZ -——- dA/df
Cloét et al., PRL 109, 182301 (2012) 0.6 Ry, o uafuy Q= 5Gev?
Cloét et al., PRL 102, 252301 (2009) 0 o0z 04 06 os 1
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Standard Model test 0.240
» Pachos-Wolfenstein (PW) relationship _
— 4
= =
R . 0) %é — 0 11\;'3 uz 0.235
PWo T VA VA ?
cC cC
0.230
N=Z 1 .
— 5 - sin” 8y,
" EXtremer dlﬁ:ICUIt experlment 0.0001 0.001 0.01 0.1 ‘ ”“m1 I ----110 ‘ ““‘1"(1)0. ““1I3|00‘ .“1‘;)000

» Fe target (needed high density since v's don’t interact).

» This flavor dependent EMC (if it exists) can explain about 1.5¢ of the observed

approx. 3o discrepancy Cloét et al., PRL 109, 182301 (2012)
Cloét et al., PRL 102, 252301 (2009)
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PARITY NONCONSERVATION AND ELECTRON SCATTERING _

LETTERS TO THE EDITOR

PARITY NONCONSERVATION IN THE
FIRST ORDER IN THE WEAK-INTER-
ACTION CONSTANT IN ELECTRON

SCATTERING AND OTHER EFFECTS

Ya. B. ZEL’ DOVICH

Submitted to JETP editor December 25, 1958

J. Exptl. Theoret. Phys. (U.S.S.R.) 38, 964-966
(March, 1959)

Proposes that electron scattering should have
measurable parity violating asymmetry

= Proposes interaction like that responsible for 3 decay
to occur in electron scattering

= Argues cross sections for scattering left- and right-
electrons could differ
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PVEMC Gr0? 1—(1-7vy)?
Apy = — rQ a;(x) + ( y)z az(x)
dran2 1+(1-y)
a,(x0) = g¢ F* ZZei gi [q:(x) + §;(x)] vz .
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€a91q = —(——+ —sin“ 0 ) _
1d 3 2 3 v Measures flavor differences!

Approximate a;(x) around symmetric nucleus
9 12\ uj —dj
a(x) ~ = —4 sin’ 0 —( )
1) = ¢ W \25)ul + d}
+ — o Cloét et al., PRL 109, 182301 (2012)
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a4(x) FOR NUCLEI

Cloét et al., PRL 109, 182301 (2012)
Cloét et al., PRL 102, 252301 (2009)
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SoLID-T

Next-Gen Spectrometer at JLab

p— = Solid
Solenoidal Large Intensity Device

» Rich physics program including

e

““Foran overview, see
White Paper arXiv:2209.13357
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SoLID APPARATUS FOR PVDIS

What do you need for to measure parity
violation in DIS?

= DIS experiment: W2 > 4 GeV? Isolate DIS
events. Only electron is detected.

= PV experiment: High Luminosity, E ~ 11
GeV, stable systematics

What do you need to address the physics?

= Wide x-range: 0.25-0.75

= Large azimuthal acceptance.

» Better than 1% statistical errors for small
bins

» 2 GeV <E'<6 GeV: Low background

§*77%, u.S. DEPARTMENT OF _ Argonne National Laboratory is a
| @ ENERGY U.S. Department of Energy laboratory 1 7
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~ SoLID (PVDIS)

|
L EM Calorimeter,

i (forward/angle)
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= Around 2% Momentum resolution
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SoLID APPARATUS

= Baffles to reject wrong momentum background
= Light Gas Cerekkov: identify electrons for trigger; reject pions.

= Shashlyk electromagnetic calorimeter (Ecal) : coincident trigger
and further particle identification.

=  With tracking, tight E/p cuts reduce pion backgrounds.

Baffle 5xGEMs EC

.




LATEST — CLEO-Il MAGNET COLD TEST AT JLAB
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LATEST — CLEO-Il MAGNET CoLD TEST AT JLAB CLEO_|I

700
= Alow current test on March 24th. 600 '
= 3-axis Hall probe data matched TOSCA model well. o
9, 400
= Coil average temperature remained constant during test. 2 200 . o Tosc
. SUCCGSS!! 200 o $ @ Measured
100
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EXPECTED RESULTS

Q? (GeV?)
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EXPECTED RESULTS
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PROBING THE EMC EFFECT

1.3

What we know: 12
= Parton distributions in nuclei appear different 1. :

than those in nucleonlf . 10

Ral Q%) = 77 sz’i(+ IgFZn(x,QZ) 71 E ZZ

What we don’t know: =
= Why does the effect exist at all? ; 12
= |s the sea quark effect absent? :SJ 11

— c.f. Alde et al., (Fermilab E772) Phys. Rev. Lett. 64
2479 (1990),

— SeaQuest D-Y data 0.8

— Alvioli, Strikman, Phys.Lett.B 841 (2023) 137935 08
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EMC EFFECT WITH ANTI QUARKS?

1.25
= Expectations of large antiquark effects s i ---7- Coester
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EMC EFFECT WITH ANTI QUARKS?

1.25

= Expectations of large antiquark effects 5 [ WE772Drell-Yan -7~ Coester
= No effects were seen in Drell-Yan |
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EFFECTS OF FERMI MOTION

(SEE M. STRIKMAN—TUESDAY)

1.30 : . , . .
Carbon
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X I
= 1201 — Quark
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EFFECTS OF FERMI MOTION
(SEE M. STRIKMAN—TUESDAY)

RA() = p(x) / £(x)
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SEAQUEST EMC NUCLEAR DEPENDENCE

Sl —— 5 Sl4—— g g ———
S [ |@Ews PN L > [ |@E90s PN L s f @®ro0s | . :
= [ w = [
Za .. |Preliminary L. [Preliminary 2 m.. [Preliminary
1.2f # 1.2f 1.2}
1 I ++— 1.1 1.1f
Fh.:ﬁ. + I I 1
0.9 [ l| 0.9 0.9F
0.8 S — 0.8F 0.8
0.7F e s s b e s 0.7F A b 0.7F s i b s B b
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Xt Xy Xr

- Data are subject to revision—Preliminary!
* No enhancement seen as in the case of a pion excess model
* In agreement with E772 results in the overlap region
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RECAP

» Parity violation in DIS enables electroweak
and QCD exploration

ol —oT
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RECAP

» Drell-Yan looking for Sea Quark nuclear effects

g & 2" Tonm . 8 Tomn .
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X X X

= Can different nuclear effects be resolved:
— quark energy loss
— EMC
— Fermi motion
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pis_9 —0
Ay~ = g€ + o!
_ oY 952 01gi a0+ q(o)][1+(1-)?2]+gy T Qg2 [a()— q(0)]l[1-(1-y)?]
M Q% 2(20%) [q(0)+ ) I[1+(1-y)?]

A —(1_ 2
~ o | (o — 958) + (2084 — 98%) ()]
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“8ca/*°Ca Ratios

WHY USE PARITY VIOLATION? Y — E19 Param

= 4Ca/*°Ca ratio (E12-10-008) | T ereanmotnstontom

= 3H/3He (MARARHON) s ¢ No Flav. Dep, .
— more sensitive to neutron structure function than 4.~ 'F Ty e

flavor dependence E Lok .
5 Cloet

= T7*/11- from 3H/3He (12-21-004 Hall B) e Common Syst.
— Conditional approval 0_85:. T
— PAC “The physics programme is very rich, but ' ' ' Xy ' ' )

the extraction of the underlying physics
observables is very challenging”
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Possible Lepto-Phobic Z’; Example at lower energy

Motivation for introducing new particle:
Baryon number is a global symmetry in the SM (bad).
Theories of local baryon number symmetry are attractive.
They predict a lepto-phobic boson. (gB)2
They also predict a dark matter candidate. A~ M)
2

C2

Perez, Phys. Rept. 597, (2015) 1-30 :
Leptophobic 2’

e arXiv:1203.1102v1 q

m== CMS 8 TeV, 19.7 fb™* Buckley and Ramsey-Musolf

1.0 m— CMS 8 TeV, 18.8 fb!

0.8f
CMS 13 TeV, 35.9 !

0.6f = CMS 13 TeV, 36 fb~& 27 fb~*

m
. = CMS 13 TeV, 18.3 fb

0.4r

=== (CMS 13 TeV, 35.9 fb~"

0.2 = CMS 13 TeV, 41.1 fb™* :
Ao A e q
00 ) ) ) ATLAS 13 TeV, 3.6 fb
' 50 100 500 1000 == ATLASI13T&V, 2030 ‘o . ,
Mk\ Modifies mainly C,'’s
Perez, et al., : :
JHEP 07 (2020) 087 Limits depend on branching ratios. in PVES

Plot shows that the LHC is interested in Leptophobics



