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Deep- .Irife’;laﬁtic Scatteéiﬂg in the Breit v
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The typical time of interaction is ﬁnt ~ 1/ q, =1/Q.

Lifetlme of a parton Toart ~ oy /m i Since k, = ®p, ~ q; We

ThuS Toare > Tine — photon absorbed by a quark over short penod of
thne = use photon as a mucroscope ' |
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‘Saturation at low «

Consider s In(1/x) ~ 1. Radiatibn of one gluon:

dz;
/ z/ko_:
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strength ~ -’/ -L"

phase space dynamlcs

o~ o In(1/x) In Q2

Sum over all'radiated gluons:

2G(x, Q") ~ Z ( ——(as ln(l/:v) In Q%)™ ~ ezVasm(l/w>sz
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The number of gluons per umt area a:G(:r:,(;)z)/‘n-R2 rapidly
increases.




The map of -C-D |
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High Densnty QCD = Color Glass Condensate

N(az, Qz) = n(a:, Qz) when N, k << 1

vsHwdt

At HERA: Q?(z) ~ (3- 10*4/:»)“ 288 t.;ev2 ﬁ""‘"’“’""}

At ElC: (rac) = A’3 6} (uera)




DIS in the target rest frame

q=( VvV 4q : '“*a *y 0, 0,'. -q)

n p=(M,0,0,0)
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' Quasi-classical regime:
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The life-time of the qg state is 745 ~

i the rest frame of the nucleus the total cross section for the DIS is

d2‘I‘J_

Tt (T, Qz) = /

dz & '(T.Ls Zy Qz) &(‘ba 7'_L)

where ® stands for the wave function of the g4. Interaction of the
color dipole with target is given by

é(xe,ry) = 2/d2be_ ImN (z,7.,b.)

N(z,r,,b,) is the forward scattéring amplitude of g off-the target
at given impact parameter b;. |




Gluon productmn in quasu-classms (Mueller Kow:hegov,
B 1998, 2001) |

Quasn-classncal approxnmatlon each rescattering happem via one or
two gluon exchange wnth nucleon

+ light cone i'dlrectiOn )

A, = 0 gauge




Gluon production in quasi-classics

P Y w(g‘,)
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dhdy — J “2m « (g"*“’“’a) dik dy
Scattering of qq (z,;) + emitted .C(_;_l.pr z,) off the :t;irget:

d’kdy = w2 (27)2

/ dzbd z, d’z; e & (@1722)

X Z (____1)1+,7 = - Qiz . .“.1..2 A 2‘72 (e—%@i—ﬂj)ngg

i,j=0 |z — ‘|z — x| |
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where | |

. 2 'j 2.

Qogluon = 2 Qoquark

Ovigin of factor 2: Qf, ~ 1/N. while Q3, ~ 2N./(N? — 1).
Altematlvely. from the evolution equatlon

i. take initial condition for gq _N(O) =1—e “q as a zeroth
iteration of nonlinear equation,:

ii. calculate N = K o (2N© — N©?) =1 _ ¢72%




The very small  regime: «, ln(]; / :z':)-.w 1

Unitarity constraint: .
,ZImN(a:, ry, b’;) = -]N|2 +G™

At high energy N is almost purely |magmary =

Noi(i-ef)  ets (e

This implies: |N(z,71,b1)| < 1. Black dlsk regime is
|IN(,71,b1)] = 1 in which case 6 = 21!'R2

Nonlinear evolutlon can arise from

interaction of two cascades wnth the target ~ azAl/ 3, ~ 1

interactions of partons in the cascade ~. c:z2




Emlssuon of faster gluons

Evolution preceding emission of an incluﬁve guon m of gluons

emitted before mteractuon both in ampﬁwde and n CC mﬁtude
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-Graphs E-1 do not have In s enbangément. they are .Su_pbressed by
«,. Graphs A-D contribute to the real part of the evolution kernel.

Evolution is linear:

° snmultaneous evolutlon happens in dlfferent dlpoles |solated in

large N,

e all interactions in an |solated dipole cancel out (real virtual

cancellatlons) probablllty conservatlon
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~ Emission oféf fas-tef guons
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Graphs A,F,G,0 + CC contribute to the virtual part of the evolution
kernel.  Other graphs + CC cancel: cancellation of final state

interactions. : . -




" Emission of SlQWQV gluons

Production of inclusive gluon at 2, lﬂ the Mude lnd in the
CC => effective scattering of 4 dipoles z, - % T 5, Z,
and z, — z,. Evolution in each one is mdependent on evolutlon in
others. o

Consider 2 — Z, » 33/
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A+D=B+C=F+G =E+H=0 =

.

1202 RO
1-— -e"'FIE QOg('—’) . —> Neg(z, b, y)

Evolution equatlon for the forward gluon dlpole scattermg amplitude
N¢ can be found from umtarlty constramt

NG(_Q,.Q, y) =2 N(@_a b, y) - Nz(g:_,_lz,y)




The main result (Yu. Kovchegov and K.T.)

do? A7IGX
d2kdy — 2n?

\& rdo®" (r, ) Qm:.nw\& Qﬁcﬁ? Y —y)palk— eu@v

where the :_E:Hmm«mﬁmm gluon distributions are mmm:ma_mm.
- | - _.,... |
GQn y) = |m.|\,&@&%m kr 420.?., v
o, (2m)3
here Ng is the forward scattering amplitude of gluon dipole of size r satisfying the

nonlinear evolution equation (Balitsky, Kovchegov)




d’k dy

W

Inclusive spectrum in asympbetic regions
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Q«k«_Qs,k«Q«YQs L k=QQ

W the perturbative regions 1 and 3 where gluon momentum k is the
kwgest momentum scale in the problem, inclusive spectrum exhibits
maximum as a function of rapidity. Position of maximum is

1 k»o,aog

In?{kr
1+ —Q-J—)—ln W

w=Y SY,

If the largest momentum scale in DIS is. Q@J (reglon 2) the spectrum
is decreasing function of Y.

The spectrum can take _the step-iike-form if bk K Q.; < Q




“Extended” Geometric scaling
o (Levin, K.T; Iahcjn. _Itakui'a. MclLerran ).

Recall the solution to the DGLAP equation at low z (k2 > Q3):

as N,

. |
N(k,x) ~ % exp \/4 In(1/x) -111.’_‘7_2/Q(2)

We can write identically |
Ink’/Q; = Ink?/Q; + nQZ/Qz
Consider the kinematic region

Q!

; | ) - zed Q(_i

We can expand the solution as follows:

| . 2/ \ 1/2 2 .
N(ki, )~ (Q;c(:)) +0 (Qf_(m))A

N(z, k) is a function of dnlyffone variable Qg(y)/_lgz'




Nuclear Modification Factor in DIS

do (.
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This picture assumes that ,log(kgeom/Qg) > 1 and

log(Q?/Q?%) > 1. At EIC these strong inequalities will hardly
hold. Therefore, the suppression curve will be much smoother.




Nuclear Modification Factor in DIS |

Rpys -
_ Qs << Q
N \
yalel o l
yalBPt B
| ; + | k
Qs k-geom Q
Rprs L
k<< Qs
?1._‘-_
1/A 16 )
e
| Q
l | 1 i




DIS experiments at EIC will be able to provide much- cleaner
signatures of the Color Glass Condensate than pA or AA collisions




