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Brief introduction to AdS/CFT dipole model

@ Total deeply inelastic cross-section at large s
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Brief introduction to AdS/CFT dipole model

@ Total deeply inelastic cross-section at large s
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@ N related to the expectation value of Wilson loop (W) :

N(r,Y) = 1-5(r,Y)

S(r,b,Y) = NiRe<W<b+%r,b %r, Y>>
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Brief introduction to AdS/CFT dipole model

@ An AdS/CFT based solution — A = 4 Super Yang Mills gg dipole
<= open string in the AdSs space whose end points ( ¢ and @) are
located at the boundary of the AdSs space

):
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Brief introduction to AdS/CFT dipole model

@ An AdS/CFT based solution — A = 4 Super Yang Mills gg dipole
<= open string in the AdSs space whose end points ( ¢ and @) are
located at the boundary of the AdSs space

):

2,2
N(r,s):lfS(r,s)zl—exp[f 3%/;\:5 <C0p3r +%2\/§>}
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Brief introduction to AdS/CFT dipole model

@ An AdS/CFT based solution — A = 4 Super Yang Mills gg dipole
<= open string in the AdSs space whose end points ( ¢ and @) are
located at the boundary of the AdSs space

):

2,2
N(r,s):lfS(r,s)zl—exp[f 3%/;\:5 <C0p3r +%2\/§>}

@ A\yy = g4y Nc: ‘t Hooft coupling.

Zhun Lu Comparing AdS/CFT inspired dipole model to HERA F) data



Brief introduction to AdS/CFT dipole model

@ An AdS/CFT based solution — A = 4 Super Yang Mills gg dipole
<= open string in the AdSs space whose end points ( ¢ and @) are
located at the boundary of the AdSs space

):
o2
3

N(r,s):l—S(r,S):lieXp[i Aym <

(5]

@ \yy = g,z,MNC: ‘t Hooft coupling. In large N¢, Ay is large =
strong coupling
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Brief introduction to AdS/CFT dipole model
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strong coupling

@ gym: N =4 SYM coupling constant
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Brief introduction to AdS/CFT dipole model

@ An AdS/CFT based solution — A = 4 Super Yang Mills gg dipole
<= open string in the AdSs space whose end points ( ¢ and @) are
located at the boundary of the AdSs space

):

2,2
N(r,s):lfS(r,s)zl—exp[f 3%/;\:5 <C0p3r +%2\/§>}

@ A\yw = g4y Nc: ‘t Hooft coupling. In large N¢, Ay is large =
strong coupling

@ gym: N =4 SYM coupling constant

) .

@ ¢y = By 2 constant which relates the transverse dipole size r,
the collision energy /s and the maximum extent of the string in the
z-direction
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Brief introduction to AdS/CFT dipole model

@ An AdS/CFT based solution — A = 4 Super Yang Mills gg dipole
<= open string in the AdSs space whose end points ( ¢ and @) are
located at the boundary of the AdSs space

):

2,2
N(r,s):lfS(r,s)zl—exp[f 3%/;\:5 <C0p3r +%2\/§>}

@ \yy = g,z,MNC: ‘t Hooft coupling. In large N¢, Ay is large =
strong coupling
@ gym: N =4 SYM coupling constant
_ @) .
Co = W
the collision energy /s and the maximum extent of the string in the
z-direction

a constant which relates the transverse dipole size r,

@ p is the function of r,s and ¢
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Fitting AdS/CFT inspired dipole model to HERA F; data

s-dependent dipole form:

- )\YM C()2r2 2
N(r,s) = 1exp[\/§7rs< o +;f2\/§}
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Fitting AdS/CFT inspired dipole model to HERA F; data

s-dependent dipole form:

- )\YM C()2r2 2
N(r,s) = 1exp[\/§7rs< o +;f2\/§}

Rewrite N(r,s) to N(r, x):

= —Q2 = S = 7Q2(17X)
s+ Q2 o X
G ~ 2
p
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Fitting AdS/CFT inspired dipole model to HERA F; data

s-dependent dipole form:
2,2 2

N(r,s) = 17exp[f Avm (C“ +;2\/§)}

\/§7rs p3
Rewrite N(r,s) to N(r, x):

x = @ ﬁs—L(liX)
T s+ Q2 o X
b
Q ~ =
;
s ~ boz(]_—X)
r’x
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Fitting AdS/CFT inspired dipole model to HERA F; data

s-dependent dipole form:

- )\YM C()2r2 2
N(r,s) = 1exp[\/§7rs< o +;f2\/§}

Rewrite N(r,s) to N(r, x):

x = @ ﬁs—L(liX)
T s+ Q2 o X
b
Q ~ =
;
s ~ boz(]_—X)
r’x

x-dependent dipole form:

/\nyr 1 2 1—x
= N(r, = 1- — | 5+ — —2Myy/
() eXp[ Mo?(1 = x)mv/2 <p?n Prm Vox >}

./\/lo = bQCO
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Fitting AdS/CFT inspired dipole model to HERA F; data

x-dependent dipole form:

1 2 1-—
N(r,x) = 1—exp[— Avm X a }

M2(1 = x)mV2 \p% " pm
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Fitting AdS/CFT inspired dipole model to HERA F; data

x-dependent dipole form:

N(r,x) = 1—exp[ /\/lo/\IAi);rW\/_< Moyll;x>}

)1/, /2 cos( % 217
Pm /7 a
3mA + A 2_7
< 27m>
0 = arccos 3
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Fitting AdS/CFT inspired dipole model to HERA F; data

x-dependent dipole form:

/\nyr 1 2 1—x
N(r, = 1-— - =+ = —2Mgy/
(r:) oo | Mo?(1 = x)mv/2 (p?,fpm VX >}

, ()% /2cos(§) :m< &
K ax + A im> o
3mA : 27
27
0 = arccos< _m)
4
1 1 1 11/3
s - e
2m 4m?2  2Tm3
m = M04(17X)2
2
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Fitting AdS/CFT inspired dipole model to HERA F; data

@ Dipole cross-section:
oq5(r,x) = oo N(r, x)

@ Parameters in AdS/CFT-based dipole model: ¢, Mo, Aym

Zhun Lu Comparing AdS/CFT inspired dipole model to HERA F) data



Fitting AdS/CFT inspired dipole model to HERA F; data

@ Dipole cross-section:
oq5(r,x) = oo N(r, x)

@ Parameters in AdS/CFT-based dipole model: ¢, Mo, Aym

1
R@ )= Y [ [ delv(rz Q)P ana(ri)
f'
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Fitting AdS/CFT inspired dipole model to HERA F; data

@ Dipole cross-section:
oq5(r,x) = oo N(r, x)

@ Parameters in AdS/CFT-based dipole model: ¢, Mo, Aym

1
R@ )= Y [ [ delv(rz Q)P ana(ri)
f'

Ne
vz @ = =5 z;e%{ag[m(raf)]2[z2+(1_2)2]
+ mi [Ko(ran)]*}
Ne
Wz @) = EE Y e {4Q%22(1 - 22 [Ko(r )}

f
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Fitting AdS/CFT inspired dipole model to HERA F; data

@ Dipole cross-section:
oq5(r,x) = oo N(r, x)

@ Parameters in AdS/CFT-based dipole model: ¢, Mo, Aym

1
R@ )= Y [ [ delv(rz Q)P ana(ri)
f'

(2 Q)R = O“;“;év N2 {2 [Ku(r a2 + (1 - 2)%
f
+ mi [Ko(ran)]*}
vz @A) = O“;“;Q’CZe% {4 Q22%(1 - 2) [Ko(r ar)]?}
f
E(Q2. x) — Q? P02 P02
Z(Q ;X) 477204EM o, (Q 7X)+UT (Q aX)

Zhun Lu Comparing AdS/CFT inspired dipole model to HERA F) data



Fitting AdS/CFT inspired dipole model to HERA F; data

AdS /CFT-based fit to F, data

)\y/\/]XI’ 1 2 1—x
“""’(“X):%(1‘“"[‘m<a+p—m‘w° x )D

AdS/CFT dipole model ~ Ayy  M/1073  og[mb] x?%/d.o.f.

x €[6.2x1077,1074 5 9.85 31.164 | 110.70/78 = 1.42

x €[6.2x1077,1074] 20 6.36 22.65 | 141.12/78 =1.81
x€[6.2x1077,6x107% 5 10.114 30.97 | 44.24/60 =0.74
x€[6.2x1077,6x1075 10 8.16 26.08 | 49.22/60 = 0.82
x€[6.2x1077,6x1075 20 6.54 22.47 | 55.195/60 = 0.92

Table: Parameters of the AdS/CFT dipole model determined from a fit to F»
data reported by ZEUS in two Bjorken x bins. The value of quark mass

mg = 140 MeV (f = u, d, s) is taken for all fits. The data for the first two rows
and the rest are within @*/GeV? € [0.045, 6.5] and Q?/GeV? € [0.045, 2.5]
respectively.
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Fitting AdS/CFT inspired dipole model to HERA F; data

GBW dipole model fit to the same data bins

o Golec-Biernat-Wiisthoff (GBW) dipole model

oSPV(r,x) = oo (1 - e*’Z(XTO)A/“)

GBW dipole model x0/107* X op[mb] x%/d.o.f.
x €[6.2x1077,1074 2.225 0.299 22.77 | 63.09/78 = 0.81
x€[62x107,6x107° 2371 0368 21.13 | 30.35/60 — 0.66

Table: Parameters of the GBW color dipole model determined from a fit to F»
data from ZEUS in two Bjorken x bins. The data for the first two rows and the
rest are within @*/GeV? € [0.045, 6.5] and Q?/GeV? € [0.045, 2.5]
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Fitting AdS/CFT inspired dipole model to HERA F; data

/CFT-based fit to F, data
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Figure: Results of our AdS/CFT-based fit to the proton structure function F.

Zhun Lu Comparing AdS/CFT inspired dipole model to HERA F) data



Fitting AdS/CFT inspired dipole model to HERA F; data

AdS /CFT-based dipole cross-section

)\y/\/]XI’ 1 2 /1—X
Uqa(r,x):(fo (1—exp[—m<a+p—m—2/\/&) x >:|>

DT

AdS/CFT dipole
25 R

T ] The AdS/CFT dipole cross-section
obtained from the fit for Ayy = 20
012 14 and mgq = 140 MeV at various fixed
Bjorken-x as a function of r
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Fitting AdS/CFT inspired dipole model to HERA F; data

Saturation scale

N(rs =v2/Qs,x) =Nog=1-e 2~ 04
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Fitting AdS/CFT inspired dipole model to HERA F; data

Saturation scale

N(rs = V2/Qs,x) = No=1—e /2= 0.4
QGBW(X) _ (&))\/2
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Fitting AdS/CFT inspired dipole model to HERA F; data

Saturation scale

N(re=v2/Qs,x)=Nog=1—-e1?x04
X )\/2 X —X
QSEW(x) = (%) QLS (x) = 2 (& + 2 —2Mo /1)
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Fitting AdS/CFT inspired dipole model to HERA F; data

Saturation scale

N(re=v2/Qs,x) =No=1—-e12x04
QSBW(X) = (x_)g))x/2 QAdS( )= J\A22)(\1YM;)7T ( + EREPYVR \/—>

GBW dipole
— — . AdS/CFT dipole, A, = 10, m = 140 MeV/
16 —— AdSICFT dipole, A,,, = 20, m, = 140 MeV/ T
- — .. AdS/CFT dipole,\,,, =30, m = 140 MeV
— - — AdS/CFT dipole, A, =40, m; =140 MeV
ghl AdSICFT dipole, A, = 20, m, =0
2
o,
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(04
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Fitting AdS/CFT inspired dipole model to HERA F; data

Saturation scale

N(re=v2/Qs,x) =No=1—-e12x04
QSBW(X) = (x_)g))x/2 QAdS( )= J\A22)(\1YM;)7T ( + EREPYVR \/—>

GBW dipole
— — . AdS/CFT dipole, A, = 10, m = 140 MeV/
16 —— AdSICFT dipole, A,,, = 20, m, = 140 MeV/
- — .. AdS/CFT dipole,\,,, =30, m = 140 MeV
— . — AdSICFT dipole, Ay, =40, m, = 140 MeV
..... AdSICFT dipole, A, = 20, m, =0

QJGev]

x-independence of Q295(x) at small

0.5ttt g ol d o L x: saturation of saturation
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Ux Conjectured in ,
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Fitting AdS/CFT inspired dipole model to HERA F; data

s-dependent dipole fit

A c’r? 2
oqg(r,s) = ao<1exp[%<op3 +;2\/§)})

/\y/\/] Co Uo[mb] X2/d.0.f.
5 0.00583  40.55 | 62.61/60 = 1.04

10  0.00440 36.30 | 77.17/60=1.29
20  0.00324 33.58 | 92.11/60=1.53

Table: Parameters of the s-dependent AdS/CFT dipole model determined from
a fit to F data from ZEUS. The data are within x € [6.2 x 1077,6 x 10™°] and
Q?/GeV? € [0.045,2.5].

201
o In NV =4 SYM: co = 5758 = 0.834,
@ our fitting result is two orders of magnitude smaller: difference

between QCD and N = 4 SYM.



Inclusion of charm and prediction for F§
prediction for F;

Predictions prediction for total photoproduction cross section

© Predictions
@ Inclusion of charm and prediction for F5
9 prediction for F;
@ prediction for total photoproduction cross section
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Inclusion of charm and prediction for FZC

Predictions prediction for F;
prediction for total photoproduction cross section

Inclusion of charm and prediction for Fy

Fo=F+F +F+F

m:[GeV] Aym  Mo/1073  oo[mb] x?/d.o.f.
- 10 8.16 26.08 49.22/60 = 0.82
- 20 6.54 22.47 | 55.195/60 = 0.92
1.4 10 7.66 24.72 61.66/60 = 1.03
1.4 20 6.16 21.31 70.99/60 = 1.18

Table: Parameters of the AdS/CFT dipole model determined from a fit to F,
data reported by ZEUS. The value of quark mass ms = 140 MeV is taken for
all fits. The data used are within x € [6.2 x 1077,6 x 10~°] and

Q?/GeV? € [0.045, 2.5] respectively.

Zhun Lu Comparing AdS/CFT inspired dipole model to HERA F) data



Inclusion of charm and prediction for FZC
ion for F|
ion for total photoproduction cross section
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ion of charm and prediction for F$
ion for b
prediction for total photoproduction cross section

Predictions

prediction for F;
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Figure: F, predicted from our fit
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Inclusion of charm and prediction for F5
ion for F|

Predictions n for total photoproduction cross section

photoproduction

0.3

0.25
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Figure: Photoproduction cross section at large /s predicted from our fit
compared with ZEUS (square) and H1 (circle) data.
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Summary
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Summary

Summary

@ HERA data for inclusive structure function F(x, @) at small
Bjorken-x and Q? can be reasonably well described by an
AdS/CFT-inspired dipole model with three parameters.
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Summary

Summary

@ HERA data for inclusive structure function F(x, @) at small
Bjorken-x and Q? can be reasonably well described by an
AdS/CFT-inspired dipole model with three parameters.

@ The saturation scale in AdS/CFT-inspired dipole model varies in the
range of 1 =3 GeV becoming independent of energy (Bjorken-x) at
very small x (1078), leads to the prediction of x-independent of the
F> and F; structure function at very small x.
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Summary

Summary

@ HERA data for inclusive structure function F(x, @) at small
Bjorken-x and Q? can be reasonably well described by an
AdS/CFT-inspired dipole model with three parameters.

@ The saturation scale in AdS/CFT-inspired dipole model varies in the
range of 1 =3 GeV becoming independent of energy (Bjorken-x) at
very small x (1078), leads to the prediction of x-independent of the
F> and F; structure function at very small x.

o Predictions for Fp, F5, F; and photoproduction in the kinematical
regions of future experiments.
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Summary

Summary

@ HERA data for inclusive structure function F(x, @) at small
Bjorken-x and Q? can be reasonably well described by an
AdS/CFT-inspired dipole model with three parameters.

@ The saturation scale in AdS/CFT-inspired dipole model varies in the
range of 1 =3 GeV becoming independent of energy (Bjorken-x) at
very small x (1078), leads to the prediction of x-independent of the
F> and F; structure function at very small x.

o Predictions for Fp, F5, F; and photoproduction in the kinematical
regions of future experiments.

@ AdS/CFT-based model of non-perturbative physics at large coupling
could be viewed as complimentary to the perturbative description of
data based on saturation/Color Glass Condensate physics.
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Summary

Backup slides
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