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@ the EMC collaboration and others at CERN, and SLAC have made a
surprising observation that the structure function of iron differs
substantially from that of the deuteron
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@ why would scattering at high energy and momentum transfer be
affected by intra-nuclear effects that are much lower in energy?

@ we examine the role of strong coupling when the nuclear many-body
system is probed electromagnetically in the DIS limit

o for dilute nuclei with small atomic number A, the leading contribution
is on one-nucleon state smeared by Fermi motion which should be
justified in the large-x region. We estimate the DIS scattering on the
few-nucleon amplitudes using holography

@ shadowing in the small-x regime is currently understood as the
coherent scattering on two or more nucleons in the nucleus, as
opposed to incoherent scattering on individual nucleons

@ we consider DIS scattering on a large but finite nucleus in holography
using an extremal RN-AdS black-hole. This point of view takes to the
extreme the concept of coherent DIS scattering on a dense nucleus,
and therefore should be of relevance in the shadowing or low-x region
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DIS on a Dilute Nucleus

@ we consider deep inelastic scattering (DIS) on a nucleus described
using a density expansion as
gh 1
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with the connected DIS amplitudes
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DIS on a Dilute Nucleus

@ we consider deep inelastic scattering (DIS) on a nucleus described
using a density expansion as

gHV v 1 v
WAPA):/GINQK’ + 57 [ dVLdN2 G+

with the connected DIS amplitudes

ghn=1 / d*z e
x (N(p1)-..N(pn) |[/#(2), J”(0)]| N(p1).--N(pn)).

and the nucleon phase-space occupation factors

d3r,- d3p,' 1 n(r- )
Vs (2m)3 2, VP

dN; =4

for unpolarized neutrons and protons
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DIS on a Dilute Nucleus

o the leading density contribution is
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DIS on a Dilute Nucleus

o the leading density contribution is

4 3
gA p041R3/ d P 9( |p|) guu
(Pa|Pa) 3 2V3E,  4mpl

Ratl &3p ,
+167r/RA r dr/ B )32‘/ E O(pr(r) — |p1) G5

with the DIS scattering on a single nucleon

Gy = F(x q%) (1" - §"8")
2%, 1 1
ey =/ 2 o _aM v v
T2 5 (Xp, %) (p +2qu ) (p +2qu )

and the nucleon 3-momentum is fixed by Fermi motion with
Xp = —q?/2q - p and tied to x by

Xp my mpy

E,
i——p—ﬂcosb?p

Here x = —q?/2wmy is Bjorken-x for a free nucleon at rest
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DIS on a Nucleon using Holography

Figure: s-channel Compton scattering
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DIS on a Nucleon using Holography

Figure: t-channel graviton exchange
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DIS on a Nucleon using Holography

@ in holography, Compton scattering on a nucleon at the boundary
maps onto the scattering in bulk of the R-current onto a dilatino with
spin-1/2 at large-x, while at small-x the same scattering is dominated
by the t-exchange of a closed string, with the interpolating result

F3(x,q%) =

2 7—1 2 %
~ [ My THLq _ \T-2 my 1
¢(Z) ( e (7) )

with mR=3/2orT=A—-1/2=3
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Figure: Large-x dependence of the nucleon structure function F}[x] for weak
coupling (dashed curve) and strong coupling (solid curve) normalized to 1.
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@ the R-ratio
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Figure: R-ratio at large-x using the leading density contribution and the
holographic nucleon structure function (solid curves), versus the parametrized
empirical ratio (dashed curves), for A =12 (blue curves) and A = 42 (red curves).
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DIS on a Dense Nucleus

@ DIS on thermal black hole in AdS was initiated by Hatta, lancu, and
Mueller in 2007
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DIS on a Dense Nucleus

@ DIS on thermal black hole in AdS was initiated by Hatta, lancu, and
Mueller in 2007

@ we consider deep inelastic scattering (DIS) on a large nucleus
described as an extremal RN AdS black hole

2 R2
—f dt? + dx?) + —-dr?

d 2
° r2f

r

with
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DIS on a Dense Nucleus

@ an extremal RN AdS black hole has the EoS

2T
s=—+/an
Vet
e:%nu:3p
. NZ
_967r2a2'u

o we identify the extremal RN-AdS black hole with a very large but
finite nucleus of volume V, = %ng with a radius R4 = RlA%, a
number density A/Va = n, energy density Ea/Va = €, and an energy
per particle Eq/A = %u (conformal). For comparison, nuclear matter
with small scattering lengths carries E/A ~ 311 (free massive
fermions), while neutron matter with large scattering lengths carries
Ea/A ~ 3 close to the conformal limit.
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DIS on a Dense Nucleus

@ to probe the RN-AdS black hole in bulk, we use the U(1) R-field
A, (x) as the source of the fermion bilinear 4-vector current in the
boundary of AdSs (r = o), and

J.(q) = G, (q) A*(—q)
with the retarded Green's function

GR(q) = —i / d'y &9 (J,(y) 4 (0)) &

@ which can be decomposed as

qn.9v
G,ﬁ,(XA, q2) = (77/”/ - #) Rl(XA7 q2)
n .

+ (np, - %qu) <n1/ - Q_2qCIu> RZ(XAa q2)
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DIS on a Dense Nucleus

e with

q° Q? Xmpy

T T2q-(nEa) _ 2Eaw  Ea

XA

@ the DIS structure functions of the RN-AdS black hole will be
identified from the imaginary part of the retarded response function

o0rF =ImR,  27F» = — ImR,
Ea
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DIS on a Dense Nucleus

LI

Figure: Absorptive virtual-photon scattering on a nucleus as an extremal
RN-AdS black hole: (a) absorptive tree contribution; (b) absorptive one-loop

contribution.
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DIS on a Dense Nucleus

@ the retarted response function is extracted from the induced action
S[A] as a functional of the boundary fields A,(t, x,0) using

Sk
Gn(9) = 5 A
" 0AL0A, Au=A (o)
@ we find the on-shell boundary action
LNZVEPT 5 0o k :
SR = _ET |:k AL(O) <2(C + In ﬁ) — IT[')

s () ()
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DIS on a Dense Nucleus

@ the holographic structure functions are

2
2 2NM2\ 3
1 (xaQ
Fr(xa, Q%) = — )
7(xa, Q%) TXA 1Ea
Ex 12 /x2Q2
Fi(xa, @) = CL—AM— < A )
poxa \ pEa
with
2
Cr = Ne
217/37.‘.2|'2(1/3)a5/3
N2
C, —__ ¢
L™ 1152742

and F, = Fi + Fr ~ Fr = 2xaF;1 (approximate Callan-Gross relation)
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DIS on a Dense Nucleus

@ normalization
2

. A
(27)32E46(0,) = 2E4 Va — (127a)? N2,z

@ the properly normalized structure functions at low-x

2
. A [3x2Q%\3

A 2y A
) = &5 (32
~ 3A [/3x2Q?

A 2y SA
FL(X’Q) N L4x(4m,2\,>

with CT,L/CT,L = 775(4804)2/2N§
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DIS on a Dense Nucleus

@ the R-ratio is
SORE L - FLTE e
N F2N Ca X;A_g 467‘ Xs

with xs = 2my/v/3Q
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DIS on a Dense Nucleus
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Figure: Parametrized DIS data on nuclei (solid curves) vs holography
(dashed curve) in the shadowing region.
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2. Summary and Conclusion

@ we have used the holographic structure functions for DIS scattering
on single nucleons to make a non-perturbative estimate of the nuclear
structure function of dilute nuclei

@ and we have found that the leading contribution is on one-nucleon
state smeared by Fermi motion which compares well with the data in
the large-x region

@ we have described a dense nucleus as an extremal RN-AdS black hole

@ and using its R-current correlators we have determined the structure
functions as a function of Bjorken-x

@ the R-ratio of the nuclear structure functions of the extremal RN-AdS
black hole exhibit strong shadowing at low-x
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Thank You!
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