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Outline

» Connection between DIS and HIC: Wilson line

» Value of Qg
» Applications

» Gluon multiplicity at LHC AA collisions
» Multiplicity distributions
» Inclusive nuclear diffraction at eRHIC and LHeC

See www. ei c. bnl . gov www. | hec. or g. uk
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DIS in dipole frame

Small x: factorize v* wavefunction — dipole cross section
Y

Use: _ > W] ~Koa (VZ(T—2)Qlrr|)
> S-matrixreal P momentum scale Q2 ~ 1/ry2

> optical theorem pytractive: t is FT of by.
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DIS Observables from dipole cross section

d?0gin(X,r7,b7)
dip(X, I, A :/dsz Udlp(Z’ -~ T)e'bT'A, A? = —t
d°bt
\ 4
Inclusive

oL’*Tp /der/dz‘\U T adip(x,rT)
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DIS Observables from dipole cross section

d?ogip(X, 17, b7)
dip(X, I, A :/dsz ol T)e'bT'A, A? = —t

d’bt
v

Inclusive diffractive (elastic dipole—target)

* 2
O'Zva = /d rT/dZ‘\U rT, ‘ Udip(x7rT)

D tot
0,

LT _ 2
dt = 167 /d rT/dZ‘w rTa ’ O-dip(x*,rT'/A)
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DIS Observables from dipole cross section

d?ogip(X,rr,b7)
dip(X, I, A :/dsz Udlp(Z’ -~ T)e'bT'A, A? = —t
d°bt
v
Inclusive diffractive (elastic dipole—target) exclusive diff.
JC*T" = /der/dz‘\If 2 1,z ‘ agip(X, )
D, tot )
LT 2 2 2
i 167r/d rT/dZ‘\UZ’T(Q JT,Z)‘ oGip(X,I1, A)

DV 2

or _ 1 2 - _
el 167r‘/d rT/dz <\U v )L’Tad.p(x,rT,A)
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Calculating gluon production in AA from CGC
2 pure gauges

Classical Yang-Mills _
- i
oS K z Alrz) = au(l,z)(xT)c‘)iLJ(TLZ)(><T)

A///%f}% 7 Uz (xt) = Pe

ig fdx—ip(XVT:2 )
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Calculating gluon production in AA from CGC

2 pure gauges
Classical Yang-Mills

- i
= ¢ o Auz) = §U(1,2)(XT )0 U(Tl,z)(XT)

ig fdx—ip(XVT:2 )

Ua2)(x7) = Pe

A, = pure gauge 1 A, = pure gauge 2

At = 0:
i _ i i
Al L, = Ao thAo

Al o = > A Al
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Calculating gluon production in AA from CGC

2 pure gauges
Classical Yang-Mills

- i
= ¢ o Auz) = §U(1,2)(XT )0 U(Tl,z)(XT)

ig fdx—p(xT’Xi)
U (xT) = Pe VT
z
A, = pure gauge 1 ure gaiée 2
At =0:
i _ i i
Al _, = Ao thAe
n . Ig i i
Al o = E[A(l)’ Al

Solve numerically Yang-Mills equations for = > 0
This is the glasma field. P Average over p.
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Relation between DIS and AA
The same Wilson line
U(xt) = Pexp {ig/ dx_Aégv(xT,x_)}
Pure gauge fields (LC gauge) in the initial condition for AA:

;U(XT)&UT(XT)

i —
(one nucleus) —



Relation between DIS and AA
The same Wilson line
U(xt) =P exp {ig/ dx‘AjO\,(xT,x_)}
Pure gauge fields (LC gauge) in the initial condition for AA:
one iy = U )AU(x)
And dipole cross section for DIS

5(rr) :/deTl\t<1—uT (br+Z)u (br - 7))

U unitary P> automatically satisfy unitarity limit for S-matrix

1/Qs is correlation length in rt
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Value of Qg at RHIC
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Value of Qg in nuclei,

estimates based on DIS
Freund, Rummukainen, Weigert (-02)

Kowalski, Teaney (-03) . c%'b%scca;;c— © NMcsve £ ’iEZ 1P ]

Armesto, Salgado, Wiedemann (-04) i R § W81+ —bCcGC  +  -- Po,IPsat -

Kowalski, T.L., Venugopalan (-07), plot , . Nmcc Y DO
10° 2 “ 10°

- 2 4 8
10 [
X Q’[Gev] x

(Fit existing eA data)
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Value of Qg at RHIC
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Value of Qg in nuclei,

estimates based on DIS
Freund, Rummukainen, Weigert (-02)

Kowalski, Teaney (-03) | [ o GBCBCt o NMcsve {-+ CalPs |
’ o NMCGa'| --ipst ... Ca bCGC
Armesto, Salgado, Wiedemann (-04) Sk TTe W81+ —bCcGC  +  -- Po,IPsat -
Kowalski, T.L., Venugopalan (-07), plot , . Nmcc Y DO
-3 2
10

102 2 4.8 40*10°
X Q’[Gev] X

(Fit existing eA data)

Result for RHIC midrapidity:
Qs = 1.2GeV — from just HERA and Woods-Saxon
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Value of Qg at RHIC
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Value of Qg in nuclei,

estimates based on DIS
Freund, Rummukainen, Weigert (-02)

Kowalski, Teaney (-03) TGl o mmesve - Ca tPs |

Armesto, Salgado, Wiedemann (-04) oot § e | e |l mima

Kowalski, T.L., Venugopalan (-07), plot Qo Nmcer| | g Pebesc
10° 2 10* 10°

107 2 4.8 g
X Q*[Gev] X

(Fit existing eA data)

Result for RHIC midrapidity:
Qs = 1.2GeV — from just HERA and Woods-Saxon

CGClglasma initial gluon multiplicity: dN/dy = 1000 for this Qs

Kharzeey, Levin, Nardi, Krasnitz, Nara, Venugopalan, TL ...

Numbers from DIS and AA work really well (even too well .. .) J
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Value of Qg at LHC?

What do we not know about Qs

What is the CGC
prediction for the
LHC multiplicity?

N 1
dN _ 1 reqz
Qg

dn

100 RHIC 1000 LHC
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Value of Qg at LHC?

What do we not know about Qs

g
=

What is the CGC
prediction for the 1500t

LHC multiplicity? 5§
ZE
S 1000
dN 1
s 0100 RHIC 1000 LHC

Vs[GeV]

Uncertainty dominated by energy dependence of Qs
» Fits to HERA give range A =0.2...0.3 (Q2 ~x™?)
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Value of Qg at LHC?

What do we not know about Qs

g
=

What is the CGC
prediction for the 1500t

LHC multiplicity? 5§
ZE
S 1000
dN 1
s 0100 RHIC 1000 LHC

Vs[GeV]

Uncertainty dominated by energy dependence of Qs
» Fits to HERA give range A =0.2...0.3 (Q2 ~x™?)
» AA at LHC will constrain interpretation of HERA
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Glittering Glasma and negative binomial

W] = exp| [ d?xy 200

Correlations simple in MV model and dilute limit (small p)

» 2-particle correlation pumitru, Gelis, McLerran, Venugopalan -08
> 3-particle Dusling, Fernandez-Fraile, Venugopalan -09
» n-particle Gelis, T.L., McLerran -09

)P (XT)
2

]
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Glittering Glasma and negative binomial
W p] = exp[— [ dsz%]

Correlations simple in MV model and dilute limit (small p)

» 2-particle correlation pumitru, Gelis, McLerran, Venugopalan -08
> 3-particle Dusling, Fernandez-Fraile, Venugopalan -09
» n-particle Gelis, T.L., McLerran -09

Moment mq = (N9) — disc.
A4 This is a neg. bin.
mg = (a-1)'k (k) Old experimental observation
(N02 o l)QZSL (approximative)
S

k =~ 5 Natural consequence of glasma
T

1
A= fy—QZ2S,
Qs
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Diffraction in nuclei is extreme QCD

Compute diffractive structure functions F2 in nuclei

Diffraction enhanced in eA
compared to ep

Frankfurt, Strikman, Guzey (-96 ...), Levin, //;:; ,,,,,, ;, ——
Lublinsky (-99. ..), Goncalves, Kugeratski, g

Navarra (-05 ...), Kowalski, T.L., Marquet,

,~"— — Ca, thick: |p$tth|n bCGC 4
- —- Sn, thick: ipsat, thin: bCGC
—Au lhICk |p$t thin: bCGC

Venugopalan (-08, plot) , ... = 05 04 06 08 1
Talk by H. Kowalski in this workshop e

(plot: coherent)

10111



Diffraction in nuclei is extreme QCD

Compute diffractive structure functions FZD in nuclei

Diffraction enhanced in eA
compared to ep

Frankfurt, Strikman, Guzey (-96 ...), Levin, /;:; -
Lublinsky (-99. ..), Goncalves, Kugeratski, /

)%~ — Ca, thick: |p$tth|n bCGC 4
- —- Sn, thick: ipsat, thin: bCGC
—Au thlck |p$t thin: bCGC

Venugopalan (-08, plot) , ... = 05 04 06 08 1
Talk by H. Kowalski in this workshop e

Navarra (-05 ...), Kowalski, T.L., Marquet,

(plot: coherent)

Expect diffractive fraction to increase:
15%inep P>  20%-25% for eA.
Combination of

» Enhanced diffraction

» Shadowing in inclusive
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Conclusions

» Common framework for AA, eA
» Dominant scale Qg
» Examples
» Initial gluon multiplicity in AA, uncertainty in A
» Multiplicity distribution
» Diffraction enhanced in eA, how to measure this?
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