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Theoretical overview of the EMC Effect

G. A. Miller, U. W. Seattle

The EMC effect was a surprise!
Q2=100 GeV?2
1/Q << internucleon spacing

The nucleus matters in Deep Inel Scatt

but not much, 10-15%



Deep Inelastic Scattering
Experiments EMC(’82),SLAC,NMC
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Nucleon structure is modified: valence quark momentum depleted, sea
or gluon enhanced. How do quarks work in a nucleus?

BUT EFFECTS ARE SMALL ~10%



Deep Inelastic Scattering
Experiments EMC(’82),SLAC,NMC
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Nucleon structure is modified: valence quark momentum depleted, sea
or gluon enhanced. How do quarks work in a nucleus?

BUT EFFECTS ARE SMALL ~10%

EMC - “Everyone’s Model is Cool (1985)



One thing | learned since ‘85




Deep Inelastic scattering from nuclei-
nucleons only free structure function
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Correlations matter!
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http://arXiv.org/abs/arXiv:1203.5278
http://arXiv.org/abs/arXiv:1203.5278
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Drell-Yan, E772
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Drell-Yan, E772
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Nucleons and pions
Py"=P\* +P," =M,

P_*/M, =.04, explain EMC
Drell-Yan, E7/ 72
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Bertsch, Frankfurt, Strikman “crisis in nuclear
theory” conventional physics does not work



Does it make sense? It Is Inevitable.

Neutron in nucleus is modified, lifetime
changed from 15 minutes to forever

Binding ChanFeS nergy denominator,
suppresses Pe component

Change energy denominator change wave fun

Also Strong fields polarize nucleons- analog of
Stark effect



Inevitability of medium modifications-(e,e’p)

20 (B 5+ )

>y

Form factor modified
because p2 + M?

(E87 _ﬁ)

Feynman graph evaluation
in medium differs because
propagators different.

Simonetta’s talk
10



* chiral restoration: ", — Mg — go

* Implement via bag model, Chiral instanton
model, or NJL Thomas, Cloet, Miller
Smith

* Modified energy denominator —PLC
suppression of Frankfurt Strikman
 Enhancement of blob-like configurations,
QCD Stark color neutrality nucleon-
nucleon interaction depends on ) ", — Ry)?

° q



PLC suppression of FS

/

Energy denominator (virtuality) two-component

5 = (6, FS PLC

nucleon bound by potential U

"Z“{,> - |()1> | 52—1%1—(#‘[21

0) = |6) + UJ(Ey — Ey)Vay

9), U suppresses (2)

Denominator
effect

)

U acts on |¢1> so another way to formulate
is enhancement of BLC



Enhancement of BLC-Frank,

Jennings, Miller 95

Free nucleon |p) = |¢1) + E2iE1 Vor|p2), |¢p2) is PLC
In medium |¢p) — |P)

U acts on |¢1)

in nucleus H = Hy + 537 — + U

‘\Ij> |¢> + E_HA1U|¢1>

A U|¢1) is a Blob Like Configuration

Wave function must be normalized

enhancement of BLC suppresses PLC

same result for high x DIS, other predictions differ

13




"General to particular, Requirements

.

-Goals

J

 Model the free distributions

 Good support

* Consistency with nuclear properties
* Describe deep inelastic and di-muon

production data- valence plus sea
* Predict new phenomena

* New challenge- describe
detailed A dependence



1. QMC- quarks in nucleons
(MIT bag) exchange
[Nudear matter} mesons with nuclear
= medium, quark mass
2. Use NJL instead of bagCloét

External fields

4. Suppression of point-like-
configurations,

5. Enhancement of blob-like
configurations
polarization



* 94 94, innuclei
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« other way to o
enhance EMC?
= B!
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Bentz, Cloet, Thomas

Q% = 10.0 GeV?
p = 0.17 fm™3

Spin

I. Sick and D. Day, Phys. Lett. B, 274 (1992) 16.

Infinite Nuclear Matter Data:

0.2 0.4 0.6 0.8
X

1.C



Chiral Quark Soliton Model —

Diakonov, Petrov, Polykov, quarks couple to vacuum instantons

* Vacuum dominated by  Negele et al hep-lat/9810053

Instantons spont. chir. symm breaking

e quarks with
spontaneously generated
masses interact with
pions

Log = q [id— M exp(ivs 7\ /E,)] g,

* Nucleon is soliton in pion
field

« M=420 MeV

e good nucleon properties,
DIS and magnetic
moments



Chiral Quark Soliton Model of Nucleus-

Smith, Miller

2 1 exchange — attraction
w (vector meson) exchange -

repulsion

Double self consistency

profile function and k;

Mean field like



Results Smith & Miller '03,04,05
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Enhancement of Blob-like Configurations- Frank,
Jennings, Miller pnys.Rrev. cs4 (1996) 920

PLC

place in medium:

normal size components attracted energy goes
down

quarks lose momentum in medium



1995 Frank, Jennings, Miller
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Enhancement of Blob-Like
Configurations
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Correlations in the
EMC effect

Hen, Higenbotham, Miller, Piasetsky, Weinstein to appear soon

Goal: Test hypothesis that medium
modifications of nucleons in a correlated
pair are responsible for the EMC effect,

also test alternate hypothesis that

modification of nucleons caused by
mean field give EMC effect



Nuclear dependence of quark distribution depends on local
environment, Seely et al PRL 103,202301
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e,e’ plateau and DIS
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Physics Opportunities with the 12 GeV Upgrade at Jefferson Lab
Jozef Dudek, Rolf Ent, Rouven Essig, Krishna Kumar, Curtis Meyer, Robert McKeown, Zein Eddine Meziani, Gerald A.

Miller, Michael Pennington, David Richards et al.. Aug 2013. 64 pp.

Published in Eur.Phvs.J. A48 (2012) 187
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Inclusive A(e,e’ ) measurements

Blue - Fe
Mage. - C
Red - He3

™ Black - D
At high nucleon momentum, n

A()=C,-n,(k)
distributions are

in shape for S0 high k
light and heavy nuclei: '

| Adapted from
Ciofi degli Atti

o] 0.1 02 03 04 D05 0.6 0.7 08 D09
p.(GeV/c)

¥ One can get the probability of 2N-SRC in any nucleus, from the
scaling factor.

26



l]l'll]illlllllll‘lfll

0.10 F :
- 5 :
0.05 [ E He g

0.00;.""""'----I-...l....-
0.00 0.02 0.04 0.06 0.08 0.10

Effective Nuclear Density [fm™®]

IIIlllllllllllllllllllllll'Illl

o 1 2 3 4 5

6
Short Range Correlations and the EMC Effect
PRL106,052301
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Are nucleons in the SRC modified?

® Need to start with a nuclear model of SRC and
compute resulting EMC effect caused by modified
structure function

® Will try to do that here

® Strikman & Frankurt: EMC effect depends on two computable
integrals, PLB 183,254 (87)

® Ciofi degli Atti & Simula, PRC53,1689 (96)-nuclear model

® Medium modification due the mean field (previously discussed

models) alternate hypothesis
28



Review Frankfurt Strikman
e

1

A 0 3
Ak - kY + k
—Fyu(z,Q%) = / apa(a)Foy(a/a,Q*)daya = — L x
0

pA - g m —€q

A

€ 4 : binding energy per nucleon, m : nucleon mass

k0+k3

— ), Pa(k,E) = (Alalé (E — H) ay|A)

pA(Oé> = /d4]€PA(]€,E = MA—kQ>5(a—

k)= | dEPs(k, E
pa(a) narrow about oo = 1, expand Foy(x/«) na(k) / Ak £)

1 1
ZFzA(fB, Q°) ~ Fon(z,Q*) 1 + wFyn Iz + [wFyn + §$2F2"N(96, Q%)) 1

I = /pA(a)ada 1 L= /pA(a)a(l—a)da, Iy = /pA(a)a(1—a)2da

), Iy == /d?’knA(k)k—Q)

3m?

26A_|_A—4 k2
m A —16m?2

na(k) = <A|a;2ak|A>, I = /d3/€nA(/~c)(

Last step uses Koltun sum rule Claudio, Simonetta
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Ciofi degli Atti & Simula: spectral function arises from

intermediate states below and above the continuum
threshold:

0 1
na(k) = nfél)(k) + n;)(k)
(0): low energy mean field, (1): high energy SRC
11,2,3 — 1123 + 15}2),3 Fe:
19 =0.80, 1Y =0.20, I{” = 0.011, IV = 0.009, I\ = 0.008, I{" = 0.014.

Assumption: nucleons in high energy excited state
are modified - have different structure function

Fon(z) # Fon (z)
Fon — LA Eon + 'Y By, ete

30



Ciofi degli Atti & Simula: spectral function arises from

intermediate states below and above the continuum
threshold:

na(k) =nYy (k) +ny (k)
(0): low energy mean field, (1): high energy SRC

0 1
Lios =155+ 112, Fe:
19 =0.80, 1Y =0.20, I{” = 0.011, IV = 0.009, I\ = 0.008, I{" = 0.014.

Assumption: nucleons in high energy excited state
are modified - have different structure function

Fon(z) # Fon (z)

0 1) 5
Fon — LA Py + IV By, ete.
OR Fony — I£O><A)ﬁ2]\f - Il(l)FgN Mean Field
30



20 O. Hen et al.

Medium modification in SRC
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Other Ways to search for
medium modification

» Quasi-elastic scattering
* Quasi-elastic, recoil polarization- Gr/Gu
* DIS on deuteron, detect spectator

» problem- modified nucleon is different for
guasi-elastic and deep inelastic

° Off-shell ﬁ(\Off-shell
X N4
A A
/

two off-shell nucleons 33



* minimum modelreduifements- EMC, DY,
nuclear saturation, A-dependence

« also predict new phenomena

* hew experiments Jlab and others to
find out how quarks work in a nucleus



