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Consensus of the 70’s: it is hopeless to look for SRC experimentally

NO GO theorem: high momentum component of the nuclear wave function is not observable (Amado 78)

Theoretical analysis OfF&S (75) . results from the medium energy studies of short-range

correlations are inconclusive due to insufficient energy/momentum transfer leading to complicated
structure of interaction (meson exchange currents,...), enhancement of the final state contributions.

Way out - use processes with large energy
and momentum transfer:

go > 1GeV > |Vn|,q > 1GeV/c> 2 kp

Adjusting resolution scale as a function of the
probed nucleon momentum allows to avoid Amado
theorem. Standard trick in QCD.

Actually it is now a standard trick
in atomic (10 eV vs 1000 eV) and solid
state physics (0.2 eV vs 30 eV) scales.

Need to treat the processes in the relativistic domain. The

— price to pay is a need to treat the nucleus wave function using
light-cone quantization - - One cannot use (at least in a simple
way) nonrelativistic description of nuclei.



— High energy process develops along the
light cone.

Relativistic
brojectile

tl_letQ_ZQ

tl) <1 t27 <2

Similar to the perturbative QCD the amplitudes of
the processes are expressed through the wave
functions on the light cone. Note: in general no benefit

for using LC for low energy processes.
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LC quantization is uniquely selected in high energy processes if one tries to
express cross section through elementary amplitudes near energy shell.

Consider the break up of the deuteron in the impulse approximation:
h+D—X+N, for E,— 00

In quantum mechanical treatment energy in the D—=NN vertex is
not conserved. As a result

A= (Sin—S5) — 2Eh(2\/m?\, +p?\, —mp) | ), — 00

is infinite at high energies. Amplitude is far off energy shell.
5



In case of LC quantization along reaction axis

A = (pNn +ph)2 — (pp +ph)2 = Mﬁm — M];z) + (pn)+(pxN —pD)— + (Pn)—(PNN — PD) +
1 2
= My — MB + 5 (m}/By) (Mx /Mp — Mp) = M3y — Mp

Here M?\n is invariant mass squared of the two nucleon system

A is finite and hence amplitude is close to the mass shell

Requirement of finite A uniquely fixes quantization
axis for the high energy limit to be according to LC
prescription




Onset of LC dominance in (e,e’)

Consider example of high Q? (e,e’) process at fixed large x >1 in
the many nucleon approximation for the nucleus

rec

The on-shell condition for the produced nucleon

(pint 4 q)z — mZ

7



LC variables:

d4+ =— qo = 4g3.

for any vector a, = (a y A— at)a

Apint

int __ rec

a = PA y Pt =P = —D




Substituting

P4 = M2 /P4,
prec — (mrec)z + p?
+ (1—a/A)PtA_’
and
PA __ Trec — EPA
( p )—- A — )
we obtain
~ 2 2 (m™°)% + p} a5
" (MA (A= a)/A ) a4~

where m™¢ is the mass of the recoiling (A-1) nucleus.



m® + qup + q-pP* + ¢’

M m? + p?
— 52 A Py 2 _ 2
e Sl €T ) R

Use the nucleus rest frame
PA=PA =M,

o L+ (g /o) (Ma/4)
= omr ((q+MA/A>—[q_<ﬁz2+p3)1/a2MA/A)

— > 0 for large Q, fixed x, « l/g+

In high energy limit the cross section depends only on the

—s|spectral function integrated over all variables but & - light-cone
dominance, in particular no depend on the mass of the recoil
system. Relevant quantity light-cone nucleon density matrix.

OcA (ZE', Q2) pA(atn)

: O-eD('CC?QQ) N IOD(Oétn) 10




For intermediate Q? corrections can be treated by taking an average
value of recoil mass.The two nucleon approximation for p."c is

prec —m | m? _I_p% )
— (A—=2)* m(2 - Cv) (™)

with Fermi motion of the pair leading to a spread of distribution
over p."¢ is but not to a significant change of <p."<>.

—,  super’scaling of the (e,e’) ratios in
Xen. - & calculated using ().

At & = 1.5 (*) three nucleon correlations start to reduce p-"¢ as
compared to (*).The (e,e’) A/D ratios should start increasing at these «.

Warning: FSl is small in (e,e’) for interaction of struck nucleon with
nucleons not belonging to SRC. However different local FSI in two and
three nucleon correlations may not cancel in the ratios.



W — Mp <50 MeV

o4, (T, Qz) _ fPA1 (atnapt)dzpt_a2(A1)
TA, (33, QZ) prz (atnapt)dzpt_ az(Az) 11.6>a>1.3

2/A 0™(x,9%)/0"(x,Q%)

Masses of NN system produced in
the process are small - strong
suppression of isobar, 6q degrees of
freedom.

The local FSI interaction,

up to a factor of 2, cancels
in the ratio of O’s

X B

6 E T T T T | T T T T l T T T T l T T E
5 —]

C (a) *He E
4 X <Q®> = 0.9 (GeV/c)? D +X % } =

- o <Q@%> = 1.2 X %E @ £@¥ x @ }—E
3~ 0 <Q% = 1.8 g = x e
5 - + <Q%> = 2.3 %j .

T T ‘ T T T T ]
(b) Fe
x <Q%> = 0.9 (GeV/c)?
0 <Q%> = 1.2
0 <Q@%> =18
+ <Q%> =23
2 <Q%> = 2.9

-

IIIIl!I\I|II[lIII

0

0.

Frankfurt et al,
93

1.4
Tkmin=0.3 GeV
kmin=0.25 GeV

Right momenta for onset of

scaling !!!



High energy processes are dominated by interactions near LC-
=¥ cross sections are simply expressed
through LC wave functions

do; %
PR (e k) /w okl kAL)H d%ua(1 —~ ZA )

M:>

[ N

sz_) Zaz zJ_ — kJ_)
Single

cone density

1

~.
I

matrix
’ d ’ d
Q (@ 87
/apA(a /u)—d?k;L — /pﬁ(a,k )—d?k ZA = A.
0 0

Example  Fa(@,Q%) = 3 / Fon (/. @)l (0, b) k.

N=p,n



If one uses a rest frame approaches - one needs to use a spectral function

Py(k,E) = (Yalag;(k)d(E + Er — Exx)an(k)[ha),

Information contained in n(k) is not sufficient/ of limited value

©.@)

nA(k) Z/PA(/{,E)dE.

No correspondence between asymptotic of n(k— 00) and
pa(a— A)

Some resemblance between structure of diagrams for high
momentum dependence of various contributions to the
spectral function P(k,E) and p(X,p).

14



LC spectral function - removal of a nucleon with given &, p:
with a distribution over recoil “+” component: S(X, p: , p*rec)

fS(O(, Pt , P+rec)dP+rec =PAN(0(, Pt) similar to fS(l(, Erec)dErec =nAN(|()
BUT

pAN(Q, py) is a physical observable while naN(k) is not

Similarly the LC decay function D(«, pe, B,re,p*rec)

has recoil effects build in (nonlinear relation between internal
and observed momenta) - problem for using nonrel. decay

function. Reminder - decay function parametrically differs from
double momentum distribution (even different A-dependence)



Question: If one needs to introduce LC wave functions - why not
switch directly to quarks & gluons? Parton densities are anyway defined
on LC. Too many degrees of freedom, difficult to take into account
overlapping integrals. For some cases one can demonstrate that impulse
approximation (plus rescattering corrections) in terms of hadronic
degrees of freedom is justified.

To illustrate this point let us consider whether / in what situations
we trust impulse approximation form for the amplitude in the
hadronic basis for the nucleus wave function (for simplicity we
consider DIS where on quark level impulse approximation is fine)



Consider interference between scattering off two different nucleons

A-2

Introduce nucleon light-cone fractions, (X. Free nucleon X = ]., or<1-—x

For nucleus to have significant overlap of |in> and <out| states

ocvagocN{—xwl,ocNégoc x~1

N, T

17



Interference is very strongly suppressed for x >0.2 - would
require very large momenta in the nucleus WF

Additional suppression because of the suppression of large

o
ZEXle_X for x>0.1
dGZ n(x
&) (122 p(x30.2) ~ 1, n(0.02 <x <0.1) ~0, n(x <0.01) ~ 1.
dZ/Z z—1

FS77

—> Interference is small for x> 0.1 and impossible for x>0.3.
More subtle situation for pion fields.

—> Large interference for x< 0.0l leading to large leading twist shadowing.
How big is HT shadowing is an open question. Issue of duality.



Structure of the light cone density matrix.

In principle one can start from calculating many body LC wave function based
on many body bound state equation (involves three body potential to keep
rotational invariance satisfied).VVe use cluster expansion and analog of quark
counting rules.

\6-*

S

2 By

™ b P

S

5

Y*

6

The dominant QCD diagram for the process £ +D — ¢ + N + X

at fixed © ~ % and a — 2 — X in the 6q model of the deuteron

Nk, =0~ (2—a)® atls<a<1gl 579
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21Ny o(, K " .
K= é/ \%‘ -
A - BT - I
d3-K31 - 2. —

FIG. 2.8: A typical diagram for the three-nucleon correlation.

d d
(a, k1 =0) / b kou b2 koué(ﬁl + By 4+ a—3)

X 0(ki1L + kot + k¢)¢2(2 — B1, k11 )* ((2 — %) ,ku) :

Assuming that ¢?(2 — 81, k1 )5, -0 ~ (2 — B1)"T f(k5) we obtain
pa(a, ki =0) ~ (3 —a)"F,
pila, kL =0)~(j —a




@ — 1)n(j—1>+j—2

a remarkable property for n~ 3
3 2
,0(A)(oz, /ﬁ)/p(A)(oz, k1) = const

with accuracy 10% for [.3 = x < |.6

and increasing rapidly for o« = 1.6

hence j> 2 SRCs contribute significantly to pMNa already
at & = |.3 but don’t lead a strong dependence of
pNA/ PN for o = |.6. However the recoil “+”

component is in average smaller for j> 2 but the
distribution could be broader than for j=2. May impact

scaling of the ratios at x> |.
21




Production of a fast
backward nucleon in the W*
scattering from the two-
nucleon correlation
spectator mechanism.

A

N
h — ~ KN Production of a fast backward
@" ( N RN é nucleon in the pA scattering
h+A—N+X
GA/N( ) - do AT o A h N N( )
h, &, Pt ) = dad?p, — Rp A0, PA\&, Pt

87
where factor vh accounts for local screening effects

22
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FIG. 8.4: Comparison of the FNC model with the 400 GeV data [35, 36].
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h o0
CI ST T
/ N
/
/ [ ] [ ]
Fast ba rd
hadron

dr o
Gﬁ/bapL Z /pAa:kLG/ (oz/a:pL——/ﬁ) —d“k, .

N=p,n
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p+Al — X+ X
o o\ W e 89 CeV/c . B=168°
(0 2 o 400 Gev/c , B=160°

02 03 04 05 0607 08 0910 14 P«

Comparison of the FNC model predictions with the fast
backward pion yields at E=9 GeV and E= 400 GeV
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Now we focus on the LC dynamics for two body case -
more technical discussion

27



Decomposition over hadronic states could be useless if too
many states are involved in the Fock representation

D) =|NN)+ |NN7)+ |AA) + |[NN7nm) + ...

Problem - we cannot use a guiding principle experience of the
models of NN interactions based on the meson theory of nuclear
forces - such models have a Landau pole close to mass shell and hence
generate a lot of multi meson configurations. (On phenomenological
level - problem with lack of enhancement of antiquarks in nuclei)

Instead, we can use the information on NN interactions at energies
below few GeV and the chiral dynamics combined with the following
general quantum mechanical principle - relative magnitude of different
components in the wave function should be similar to that in the NN
scattering at the energy corresponding to off-shellness of the component.

28



Important simplification of the final states in NN interactions: direct
pion production is suppressed for a wide range of energies due to
chiral properties of the NN interactions:

o(NN — NN7) k2 B
S(NN S NN) = Tomepzs Lw = 94 MeV

= Main inelasticity for NN scattering for T, < | GeV is A-isobar

production which is forbidden in the deuteron channel.

|A A> threshold is kv = \/mQA — m3; ~ 800 MeV !l
Small parameter for inelastic effects in the deuteron WF,
while relativistic effects are already significant as v/c ~|

For the nuclei where single A can be produced £y ~ 550 MeV

Warning: Correspondence argument (WF <-> continuum ) is not applicable

for the cases when the probe interacts with rare configurations
(EMC effect?) in the bound nucleons due to the presence of an additional scale

29



Light-cone Quantum mechanics of two nucleon system

Due to the presence of a small parameter (inelasticity of NN interactions)
it makes sense to consider two nucleon approximation for the LC wave
function of the deuteron.

Key point is presence of the unique matching between nonrelativistic and
LC wave functions in this approximation. Proof is rather involved.

First step: include interactions which do not have two nucleon
intermediate states into kernel V (like in nonrel. QM) to build a
Lippman-Schwinger type (Weinberg type) equation.

T V V T

—— —_—

-4

Y




The LC “energy denominator” is 1/(pn+ — pf+)

Using explicit expression for the propagator in terms of the
LC variables and using corresponding expressions for the
two-body phase volume on LC we obtain:

do!  d*K
4o/(1— o) (27)3

T(O(i,kit,ocfykft) :V(aiakitaaf7kft)+/V(ai7kif7a/7k;)

T(OL/, k;, Otf, kﬂ)
[(m?+ k%) Jo/ (1 — o) — (m? +k3,) Jos(1 — o)) /2

X

31



Second step: Impose condition that master equation should
lead to the Lorentz invariance of the on-energy-shell
amplitude of NN scattering

Introduce three- vector lg — (kg, kt) with

vm?2 + k2 + ks
o =
vm?2 + k2
2 2
Invariant mass of two , .o M~ + ki . ,
nucleon system is NN — 404(2 - oz) = 4m* + 4k

T(ki, ke, kis, kes) = V(ki, ke, Kiz, ke3)
3k 1 Tk ke kL. k

+/V(kiak/7ki3aké) 3 ( ’ij 3; fg)'
VE? +m2 4(2m) ke — kg

We also derived LC Egs for N-nucleon bound state (1991)

32




On-mass-shell T(k, ks, ke, kez) = T (k?, kg, kky)
V(k, ks, ke, kes) = V(K% k7, kky)

For rotational invariance of T it is sufficient that the same
relation is satisfied forV off-mass-shell. The proof that this
condition is also necessary is much more complicated (FS +
Mankievich 91) .At the same time it is obvious that it would
be very difficult to satisfy the highly nonlinear equation for the
on-shell amplitude if this condition were violated.

The proof uses methods of complex angular momentum plane
and assumption that the amplitude is decreases sufficiently
fast with momentum transfer (actually rather slow decrease
was sufficient).

33



) d3 K’ 1 1
4\/k’2 + m? k2 — k? (27)3

|

Very similar structure for the equation for the scattering
amplitude in NR QM and for LC. If a NR potential leads to a
good description of phase shifts the same is true for its LC

analog. Hence simple approximate relation for LC and NR two
nucleon wave function

zvmg:w&m+/Vwﬁ T(K', ke)




Spin zero /unpolarized case

Relation between LC and NR wf.

[ ()it [

m? + k?
%N( :

) _ (k)
a2 — a) \/(mQ + k2)
Similarly for the spin | case we have two invariant vertices as in NR theory:

15,5)5,5) — U(Pl){Wurl(Ml%N) + (p1 — p2)ur2(M1%N)}U(—p2)55-

hence there is a simple connection to the S- and D- wave NR WF of D

35



For two body system in two nucleon approximation
the biggest difference between NR and virtual nucleon

approximation and LC is in the relation of the wave
function and the scattering amplitude

Let us illustrate this for the high energy deuteron break up
h+ D—X+ N in the impulse approximation with nucleon been in

the deuteron fragmentation region - spectator contribution.

For any particle, b, in the final state in the target fragmentation region the
light cone fractions are conserved under longitudinal boosts

an/2 = (Ep + pvz)/(Ep + pp2)

Hence in the rest frame

2> ap = (\/m%er% —pbz) /Mp

36



N (<L,P,)
D N(etp) 2D .

h
(a) ()

U=(k) + W2(k)]
(2 —a)

doD+h—N+---

hIN
— Jine )
(da/a)d?p, 1

| LC imp.approx.

\/kQ 1+ m?2

(2 —a)snn]-

doD+h—= N+

= o [(2 = @)swn] - (2 = @) [UP(p) + W2 (p)]V/p? + m?
(da/a)dpy | NR imp.approx.

LC nucleon: nonlinear relation between internal momentum k and
observed momentum p (see next slide). Asymptotic behavior at ot—?2
is determined by WF at k—0c0. Similar to particle physics.

NR/Virtual nucleon: observed momentum is the same as in the VR
asymptotic at & —2,k:=0, is determined by WF at finite momentum 0.75
m, and has the same (2-0() dependence on «.
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The best way to look for the difference between LC and NR/Virtual nucleon
seems to be scattering off the polarized deuteron

do(e4+ Do —e+N+X) /do(e+D — e+ N+ X)
(da/ ) d2pt (da/ ) d2pt

:1—|—( 12 Qij_l) () + 02 (k)

P(Q, k)

() is the spin density matrix of the deuteron, Sp{) =1

Consider

R=Ty = Bm o) - 00] /(a)

Rlc 3(k2/2 — k2) u(k)w(k)v2 + sw?(k) trivial angular
(ps) = 12 w2(k) + w2(k) dependence for
fixed p

3(p2/2 —p2) wP)w(p)V2+ 3uwp)

P’ u?(p) + w(p)
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Effect of FSI may differ on LC and NR - because of light cone
fraction conservation

Sargsian and MS 96

PRI BT
0.6

p,> GeV/e

ps dependence of the(e,e’p) tensor polarization at 3=180°. Solid
and dashed lines are PWIA predictions of the LC and VN
methods, respectively. Marked curves include FSI.
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Part I1: EMC Effect - 30 years
after the discovery iy
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OXFORD WORLD'S CLASSICS OXFORD WORLD’S CLASSICS

ALEXANDRE DUMAS ALEXANDRE DUMAS
THE THREE MUSKETEERS TWENTY YEARS AFTER

TEN YEARS
LATER

ALEXANDRE
DUMAS
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Volume 123B, number 3,4 PHYSICS LETTERS 31 March 1983

THE RATIO OF THE NUCLEON STRUCTURE FUNCTIONS F 2N

FOR IRON AND DEUTERIUM :
First reported at the Rochester conference

The European Muon Collaboration at Paris, 1982

Recewved 19 January 1983

T T T T
T T I | T J U

i i : .

13 + 4
13 ~

(D)
—
1

N
z

1 0 1 1 X 1 I 1 1

{Fe) / F
1
Fh (Fe) /F5 ()

Theoretical

oo} ] | expectation under
ol _ | assumption that
S o e nucleus consists

only of nucleons FS
81
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How model dependent was the expectation!?
EMC paper had many curves hence impression that curves could be
moved easily.

Why the effect cannot be described in the approximation: nucleus = A nucleons?

Pa _)O(IPA/A
—> — —> 2PA/A O O 033
—> X3PA/A

If no Fermi motion: =1

In this case probability to find a quark with momentum xPa/A is
A - N
Fq ('ZE) o qu (CU)
_ 1A N
Ra(x) = F{ @) JASY (2) = 1

>

Deviation of Ra(x) from one is European Muon Collaboration (EMC) effect - 1983

early warning: EMC used different definition of x



Can account of Fermi motion describe the EMC effect?
YES

If one violates baryon charge conservation or momentum

conservation or both Light cone nuclear
nucleon density (light

: : cone projection of the
Many nucleon approximation: el
nuclear spectral
do

Foa(z,Q%) = /p%(a,pt)FgN(x/a);d%t function - =probability
to find a nucleon

having momentum

d
/Pg(o@pt)gd%t = A baryon charge sum rule XPA/A

fraction of nucleus
1 v dov momentum
1 /CVPA (Oéapt>;d pr =1 —if.\:ax_)* """"" NOT carried by
nucleons

In nucleus rest frame x=AQ2/2mAqo
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Since spread in & due to Fermi motion is modest = do

Taylor series expansion in (I- &): o= [+ (x-1I)

R <I>Q2> =1 — " _ieemTmmmmmmmsdmmmmmmm e .
A QD) ATa T
3my. .--
Fon x (1 —x) znlx(n+1)—2] (Ta—"Togy)

(1 —x)? " 3my

small negative for x <0.5
> 0 and rapidly growing for x >0.5

EMC effect is unambiguous evidence for presence of non nucleonic
degrees of freedom in nuclei.The question - what are they?

O.Nash: God in his wisdom made a fly
But he forget to tell us why
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O

O

A(xaQQ) =1-

First explanations/models of the EMC effect

Pionic model: extra pions - Ar ~ 4% O~ 0.15

AANT

1 + enhancement from scattering off pion field
—x

6 quark configurations in nuclei with  Pg.~ 20-30%

Nucleon swelling - radius of the nucleus is 20—15% larger in nuclei.

Color is significantly delocalized in nuclei Larger size —fewer fast
quarks - possible mechanism: gluon radiation starting at lower Q?

(1/A) Foa(z,Q%) = Fap(z, Q€A (Q)) /2

Mini delocalization - small swelling - enhancement of deformation
at large x due to suppression of small size configurations in bound

nucleons + valence quark antishadowing
49



@ Traditional nuclear physics strikes back:
EMC effect is just effect of nuclear binding : account for the nucleus

excitation in the final state: 1+ A— e/ 1+ X + (A o 1)*

First Lry: baryon charge violation because of the use of non relativistic
normalization

Second try: fix baryon charge = violate momentum sum rule

Third try (not always done) fix momentum sum rule by adding mesons

4

a version of the pion model
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Pion model addresses a deep question - what is microscopic origin of
intermediate and short-range nuclear forces - do nucleons exchange
mesons or quarks/gluons? Duality?

Intermediate state

p n p
Nm *... EZ'L may not be = pn
n p

Meson Exchange Quark interchange

extra antiquarks in nuclei no extra antiquarks

may correspond to a tower of meson
exchanges with coherent phases - high
energy example is Reggeon; pion
exchange for low t special - due to
small mass
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Drell-Yan experiments (1989): dca/av = 0.97

vs meson model
expectation

Gea(z)/qn = 1.1 +1.2)320.0520.1

2 2
Q™ =15 GeV
1.30
Ca/D

lZ \1 '10_{ o A-dependence of antiquark

I FEEE distribution, data are from FNAL
Si nuclear Drell-Yan experiment,
>

curves - pQCD analysis of
Frankfurt, Liuti, MS 90. Similar
conclusions Eskola et al 93-07
analyses

Q2 =2 G|eV2
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Five commandments
Honor baryon conservation law

Honor momentum conservation law

Thou shalt not introduce dynamic pions into nuclei

Thou shalt not introduce large deformations of low momentum nucleons

However large admixture of nonnucleonic degrees of
freedom (20-- 30 %) strange but was not ruled out.

Qualitative change due to recent direct observation of short-range NN
correlations at JLab and BNL

Honor existence of large predominantly nucleonic shortrange correlations
enough for one tablet of law
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Are SRC findings, lack of deformation of low momentum nucleon and lack of
enhancement of antiquarks consistent with existence of the EMC effect?

Very few models of the EMC effect survive when all these constraints are included
- essentially one scenario survives - strong deformation of rare configurations in
bound nucleons increasing with nucleon momentum and with most of the effect

due to the SRCs.

Let us characterize the effect as an averaged over nucleon
momenta deformation of the bound nucleon pdf

First need to correct for two effects not related to nonnucleonic
degrees of freedom

- In the fast frame (high energy processes) Coulomb photons are
dynamical degree of freedom - implicit in the Fermi calculation of e.m

interactions of fast particles. For large Z photons carry a significant
fraction of the nucleus momentum -Ay ~.65 % for A=200

P Experimentalists used x,=Q?/2m,qo instead of Bj’s
XA=AQ2/2 mAaqo 54



Correction for these two effects is

X

R(zp) = fix(l'(l + Tt )\,y))/ff\,(x) ~1— (1 +A)n

1—2x’

where

xp/x = Amp/ma = (14 (ea — (mp —mp)N/A)/my) =1 414,

at the last step we took fin(x) (1-x)".
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GA/GD

1.2

use of correct x is main effect for A< 40;
correct x and Coulomb are
approximately the same

1.1
1.0
0.9

1.2

|« EO03103 Norm. (1.6%) ©
x  SLAC Norm. (1.2%§ "~ ""3""

| Carbon

1.1

1.0 -

0.9

| Gold oy

0.8

X SLAC Norm. (1.2%)

"01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

~nearly

Bj x + Coulomb
+Fermi motion

Bj x + Coulomb

half of the EMC effect at

x=<0.5 is not due to nonnucleonic

degrees of freedom!!
Correction for Fan/Fop is significantly
smaller than in the current analyses
including ours of 85.
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Large hadronic effect only for x>0.5 - natural in

the mini-delocalization / color screening model of
F&S 83-85

Estimate of the

_ ratio of the bound
lfor k~ 300 MeV/c and free nucleon

' structure functions
in medium and
heavy nuclei as a
function of x
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Theoretical expectation LF & MS85 hadronic effect
o< <k?> =2 o nucleon virtuality

----- Coulomb +x-scale +SRC

accuracy ~ 20% X az( A)
i 0.10; Coulomb+x-scalel 1 ----- } ]

» Contribution of nucleon modification to the
EMC effect - weak function of A for A>12
- JLab

Example - magic point x=0.5 - no Fermi motion

Z 008y * SLAC .. 3 <

= 0061 T % xa(d) -1 | =7 =" ] Coulomb + x-scale + (hadronic EMC effect o« ay(A))
1. "= ===aa.] Coulomb + x-scale

10 100
Atomic number

3He data not included - too large errors due to

p/n ratio uncertainty.
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{ *He/D Norm. (1.84%) (% %

O34¢/Op

1.1 B { *He/(D+p) Norm. (2.1%)

o 1F
Normalization?
—

0.9 _ W24 GeV? ;

From SRC expected effect is 0.0| for x=0.5 - within the errors
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Probability for a quark to have x> 0.5, ~ 0.02
. Probability of exotic component
hadronic EMC effect at x ~ 05 0.04 relevant for the large x EMC effect~ 2 10

>

Nuclei are build of nucleons with accuracy ~ 99%, with large
high momentum 2N SRC component (high density drops)

Note - Ge/Gm probes amplitude of deformation not
probability - hence larger effects are possible for small
momenta - at the same time the data are consistent with
proportionality of the effect to the virtuality - check
universality - deuteron !!!
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Dynamical model - color screening model of the EMC effect (Fs 83-85)

Combination of two ideas:
(a) Quark configurations in a nucleon of a size << average size

(PLC) should interact weaker than in average. Application of the
variational principle indicates that probability of such
configurations in nucleons is suppressed.

(b) Quarks in nucleon with x>0.5 --0.6 belong to small size
configurations with strongly suppressed pion field - while pion field
is critical for SRC especially D-wave.

o3 0——m7——+—
Né 0.25. /
Will be possible to test in the just o Zfz /
. g -
completed pA LHC run will EA
discuss in the end of the talk 4 0.05)
o00+——F—F+—7———

02 03 04 05 06 07 038
X
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Introducing in the wave function of the nucleus explicit dependence
of the internal variables we find for weakly interacting

configurations in the first order perturbation theory using closer we
find

Pali) ~ (1 +) XE) 0

J#1
where  AE ~my. —my ~600—800MeV —average excitation

energy in the energy denominator. Using equations of motion for W,

the momentum dependence for the probability to find a bound nucleon,
OA(p) with momentum p in a PLC was determined for the case of two
nucleon correlations and mean field approximation. In the lowest order

5A(p) =1 —4(p2/2m+eA)/AEA

After including higher order terms we obtained for SRCs and for

deuteron:
2p2 + €
oy D
5p(p) = <1+ 21 )

—2

AFEp
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Accordingly Fyn(2, 0?) P
2A\ T, 1 1 oM, €A
o Lo (0(p) 1 4< >

which to the first approximation is proportional to a;(A), roughly
proportional to <p?(r)>. Accuracy is probably no better than 20%.

Repeat the program for A=3 for a final state with a certain energy and
momentum for the recoiling system FS & Ciofi Kaptari 06.
Introduce formally virtuality of the interacting nucleon as

2

pizm‘ —m = (mA — pSpect)z —m”.

Find the expression which is valid both for A=2 and for A=3(both NN and
deuteron recoil channels):

2 2\ 2
6(p,Eexc) _ (1 _pmt m )
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Dependence of suppression we find for small virtualities:
|-¢(p%ine-m?)

seems to be very general for the modification of the nucleon properties. Indeed,

consider analytic continuation of the scattering amplitude to pzint - m?=0.At this
point modification should vanish. Our quantum mechanical treatment automatically

took this into account.

This generalization of initial formula allows a more accurate study of
the A-dependence of the EMC effect.
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Tagging of proton and neutron in etD—e+ Y
backward N +X (FS 85). —

D

interesting to measure tagged structure functions where P
* modification is expected to increase quadratically with tagged

nucleon momentum. It is applicable for searches of the form

factor modification in (e,e’N). If an effect is observed at say |00

MeV/c - go to 200 MeVIc and see whether the effect would

increase by a factor of ~3-4.

1 — F2rd(z/a, Q%)) Fon(z/c, Q) = f(z/a, Q%) (m? — p,)

Here O is the light cone fraction of interacting nucleon
Aspect = (2 — ) = (En — pan)/(mp/2)

However since overall genuine EMC effect is small for x 0.5

tagging for such x (x/) is hardly practical below p=400 MeV/c -

however situation dramatically improves if x/& =0.6.
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Optimistic possibility - EMC effect maybe missing some
significant deformations which average out when integrated

over the angles

A priori the deformation of a bound nucleon can also depend on
the angle ¢ between the momentum of the struck nucleon and
the reaction axis as

do/dS)) < do/dS2 >= 1+ c(p, q).

Here <0> is cross section averaged over (® and d() is the phase

volume and the factor c characterizes non- spherlcal deformatlon
Such non-spherical polarization is well known in

atomic physics (discussion with H.Bethe).
Contrary to QED detailed calculations of this
effect are not possible in QCD. However,a
qualitatively similar deformation of the bound
nucleons should arise in QCD. One may expect
that the deformation of bound nucleon should be
maximal in the direction of radius vector
between two nucleons of SRC. 66




LHC - jets with large p: - -- no nuclear shadowing effects

/275 UNIVERSITE |
@5 DE GENEVE L EXPERIMENT
R FACULTE DES SCIENCES

Inclusive jet/dijet cross section measurements

Using full 2010 dataset (37 pb™1)
— probe perturbative QCD in new kinematic regime

> " inclusive Jet cross section kinematic reach -
S, 2x10° [ summer 2010 J‘Ldt=17nb"—
— . 4
; 103 -Th aiI:SiIS Ldt=37pb |
5x10? anti-k, jets, R = 0.6 -
V§=7Tev:
2x10?
10°
50
20 .
0 05 1 15 2 25 3 385 4 45 5
jet rapidity |y|
jet
20 GeV<plt<1.5 TeV
7.10°5 < 2 < 0.9 70 GeV < mi9 < b TeV
' 4.4
0% > 2107 GeV? [yl <

C. Doglioni - 29/05/2012
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The number of events in pA run > # events in 2010 pp run

v

A lot of high p:,x,> 0.6 pA events should have been collected in pA run!!!

Possible to measure the number of active nucleons as a function of x;

Test of our interpretation of the EMC effect at large x
— a drop of the number of active nucleons at x> 0.5 -
more “peripheral like” events
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Conclusions Il

Possible explanations are very much constrained by

® da/qn <1
@ bound nucleon at k< 200 MeV/c = free nucleon
@ presence of 20% universal 2N SRC build predominantly of nucleons which

appear to give dominant contribution to the hadronic component of EMC effect

Need to explain why effect is small at x< 0.5 and rapidly grows at larger x

Mechanism of suppression of rare small size configurations in bound nucleons
so far survives, main issue is whether x > 0.5 selects small size configurations.

Other possible mechanism of suppression of rare large x
components in far off shell nucleons!?
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