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Outline

» Computing FZD in the dipole model (IPsat) ,
» Results vs. 3, Q?, xp, A.

Talk based on: H. Kowalski, T. L., C. Marquet and R. Venugopalan,
Phys. Rev. C 78 (2008) 045201, [arXiv:0805.4071 [hep-ph]].
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Outline

» Computing FZD in the dipole model (IPsat) ,
» Results vs. 3, Q?, xp, A.

Talk based on: H. Kowalski, T. L., C. Marquet and R. Venugopalan,
Phys. Rev. C 78 (2008) 045201, [arXiv:0805.4071 [hep-ph]].

Context: measure diffraction in eA at EIC
See http://ww. ei c. bnl. gov/

Also first evaluation of FZD in ep with IPsat parametrization
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DIS in dipole frame

Use: | > W)~ Koy (mczlﬁl)
» S-matrix real P momentum scale Q2 ~ 1/r7?

> optical theorem pytractive: t is FT of by.

See talk by A. Luszczak
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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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Observables from dipole cross section

d%oy br) |
Udip(X7 rT?A) - / dsz Udlpc({)z(érT’ T)ele.Aa A% = —t
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v

Inclusive diffractive (elastic dipole—target)

* 2
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D tot
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LT 5
dt - 167 /d rT/dZ‘\U rTa )’ Udip(X,rT,A)
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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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IPsat model: protons

Use here the IPsat model Kowalski, Teaney
» DGLAP evolution: improves description of large Q2.

» Consistent bt dependence for total and diffractive
(no separate Bp and o9)

—rr2Q2/4

oan=2 [ 1 (1-exp {2l xa(x iTolor)re? )
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IPsat model: protons

Use here the IPsat model Kowalski, Teaney
» DGLAP evolution: improves description of large Q2.

» Consistent bt dependence for total and diffractive
(no separate Bp and o9)

—rr2Q2/4

oan=2 [ 1 (1-exp {2l xa(x iTolor)re? )

4 parameters fit to HERA data
» xg(x, u?) is evolved with DGLAP, 2 parameters
> 12 = i
» Gaussian Tp(bt) P> Bp
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IPsat: nuclei

Straightforward generalization to nuclei:

Wio _ 5 (4 ™ s 2) S Ty(br — bry)re?
by — exp —TNCOKS(M )Xg (X, p )Z p(bt —b1i)rr

Bl

br;: nucleon positions B> average (-), from Woods-Saxon;
no additional nuclear parameters
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IPsat: nuclei

Straightforward generalization to nuclei:

dag‘ip 2 ) , A ,
=2 | 1-expq—gas(u)xg(x, p )> Tp(br —bri)rr
(o3 L

Bl

br;: nucleon positions B> average (-), from Woods-Saxon;
no additional nuclear parameters

Rp ~ 0.6fm < dyn
2
P lumpy nucleus seen in incoherent diffraction <(o—§p> >

Coherent: Glauber

do’ (by)
:dlp RA— o0 2 [1 — e_ATAz . "3ip]
d?br /
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Diffractive structure function FZD(XP, 3,Q2)

Q? M + Q*
0.04
Essential regimes: 0.03 1
» (< 1: dominated by i
higher Fock (qdg etc.) %% 1
> 3~ 0.5: dominated by | ol .- SN

transverse qq
» 3 — 1: longitudinal qq.

(Proton, Q2 = 5GeV?, xp = 10~°%)
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Computing F2: qq

xpFy = Xu»Fqu + X]pFqu + X]pF-qug + higher Fock states
N——

5 2
oz(s) Qs Qg

Need Bessel transform of dipole cross section

2

o, :/deT [/ dr tKn(er)In (k1) =2 (b, rr,xe) |
0 d bT
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Computing F2: qq

xpFy = XpFT 5 + XeFqq + XBF T 45 + higher Fock states
e

g

2
oz(s) Qs ag

00 . 2
¢n:/d2bT [/ drrKn(ar)Jn(kr)dgd'p(bTArT,xw)} A
0 d“bt

Transverse part of qq

1/2
XIP’FT qq(XIP’aﬁa 16m 352 / dZZ —Z)

x |e2(2% + (1= 2)?)®1 + M)
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Computing F2: qq

xpFy = XpFT 5 + XeFqq + XBF T 45 + higher Fock states
e

g

2
oz(s) Qs ag

on = / d?br [/w drrKn(er)dn(kr) d”‘“p(bT rr,Xe )r
Z / dzz(1 - 2) [ 2(22 4 (1~ 2)2)01 + o)

X]P’FT qq(XE’7 ﬂ Q ) 1671'36

Longitudinal part of qq

XPFqu(vaﬁa - 4 3ﬂzef/ dZZ3(l—Z)3¢O
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Computing F2: qq

xpFy = XpFT 5 + XeFqq + XBF T 45 + higher Fock states
e

g

2
oz(s) Qs Qg

00 . 2
¢n:/d2bT [/ drrKn( ar)Jn(kr)dgd'p(bTArT,xw)} A
d2by
r1/2
Zef / dzz(1—z) [ 2(22+(1—z)2)¢1+mf2¢0]

X[PFTD,qq(XP- 8.Q 1671'3(3

xpF[ qq(X]Pyﬁ Q%) = C3ﬂ Z / dzz%(1 - z)®

[ dt from —oco to O B> “easy” evaluation integrating over br.

Incoherent: [ d?by really 2-dimensional.
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Computing F2D [I: ggqg — component

Combine two known limits

Large Q?2, finite 8 (“GBW” Golec-Biernat, Wusthoff )

2
WP = et four a2 (1) "+ ()]

/dk Kin < U drrK,(v/zkr)Jda(vV1 — zkr) l3""(bT,rT,xﬂ»)]2

9/16



Computing F2D [I: ggqg — component

Combine two known limits

Large Q2, finite 3 (“GBW” Golec-Biernat, Wusthoff )

pecew) _ asf 2 [ 2 & B\? 8)\?
XeFr gg :WZe, /d bT/ dz (1——) +(;)

/ dk k"ln U drrKa(vzkr)Ja( \/ﬁkr)

(bT T, Xv)r
Small 5 — 0, large N¢, (“MS” Munier, Shoshi )
Xp FD(MS) CFO‘SQ2 de d2r d2r / 1dZ ‘W’Y*(r Q Z)‘Z

rT2

(rr)2(rr —rr’)?

2
A Y701 )-AT(re) =N e W (e 117
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Computing F2D [I: ggqg — component

Combine two known limits

Large Q?, finite 8 (“GBW” Golec-Biernat, Wusthoff )

D GBw) 3 2 [l 1 B\? [B)\?
XeFr g = Ze, /d bT/ dz (1——) +(;)

2
/ dk k"ln U drrko(v/zkr)35(vI — zkr) d""“’ (br.rr, xp)}

Small § — 0, large N¢, (“MS” Munier, Shoshi )

D (MS Cra Q2 ‘ * A’ 2
xFR0S) ‘erm /dsz ?ry derr/Q dz ’\UT (r,Q,z)|

2 2
(fr/)z(:ifﬁ’)z {N(TT')*«’V('T —r1)=N(rr)=N(r7 )N (rr =11 /)}

Interpolate between these marquet 2007

F ((EBW)(XP, 3,Q2) x xpFL M9, Q2)

D 2y _ “P'T.qdg T,qdg
X]P’FZ (X]P’yﬁaQ ) - D(GBW)(XP ﬂ 0 QZ)
Fr qdg ’
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First: HERA data

® ZEUS data (FPC) IPsat
O Hidata(LRG)  ----o- bCGC
Agree with HERA ep data CO S O I N e e
(xp < 0.01) with [ ) I SN N TN
XZ/dOf i~ 1 ° s B ‘“ﬂkiﬁkmm“
° o] oo MMMM“
Need small as = 0.14 I I e e
fficient of the qgg-t S e s S
( coefficient of the qqg-term) . JR N [ o o
use same value for nuclei. o B e
. . 005 N | 4 i‘m}“ . |3
» Mostly cancels in ratios - T
_ 005 ~af “hupd ﬁ’?);n MAS
» Larger qqg: natural o e @
from b-dependence N e
(more on this next slide) ° I B

10116



br—dependence of different components

Dominant impact parameters different J

bdiff(qq) < binCl < bdiff(qqg)

Integrand vs. by for
diff. qq — inclusive — diff qQ
— aq ‘ ™ qqg_)

B

© o o o
I\J‘-b‘CD‘OO

dF,/d’b(b) / dF /db(b=0)

Oo‘

15 Q2 = 100GeV?
xXp = ope )
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Results: g-dependence

Ratios of nucleus/proton

I:ZDA(x)

D
AF3, )

with x =L, T(qq), qgg, tot.

» < 1: qqg strongly
suppressed (black disk
limit)

» 3 ~ 0.5: transverse qqQ
enhanced. I

» — 1:longitudinalqqg = % 02 ~04 06 08 1
very much enhanced.

(Au at Q% = 5GeV? and xp = 10°)
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Results: Q?-dependence

Nuclei have smaller Q?/Q2 at same xp, Q?

P> Nuclear enhancement of F2’s grows with Q2

» Non breakup =
coherent

» Breakup = coherent +

incoherent

35

F-=-"qdg, B'= 01 non breskup
o qqg, B =0.1, breskup
— T, B =0.5, non breakup
o T,B=0.5, breakup
—-— L,B=0.9, non breakup °
o L,B=0.9, breakup”
o

(Au at xp = 107%)
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Results: xp-dependence

At smaller xp also proton closer to black disk limit

P> smaller enhancement in gg-components.

2.5[ =~ 64g, B =0.1, non'breakup T
[ o qdg, B=0.1, breakup
- — T, B =0.5, non breakup
20 © T,B=05 breakup ]
o [ —— L,B=09 nonbreakup ]
D|_|_‘\l o L, B = 0.9, breakup o o o bi
< 15t R 1
Q¥ , = T =570 o o o <
L ., ° oo
1 ° ]
e L TP SP SRy
05 T T e e e
10_6 ]_0_5 10'4 10 3 10

(Au at Q2 = 5GeV?)
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Results: A-dependence

° "o o' o 2 gq
Small A more dilute than p: g i
coherent diff. suppressed < — T,B=05, no breskup
au_ﬁ i o T,B=0.5, breakup
ofy ---L,B=0.9, no breakup
oy, o Lp=
(Different components at SRy e )
xp = 10 and Q? = 5GeV?) B> fooa iz [ 9PZOLED
0 50 162 10 200
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Results: A-dependence

Small A more dilute than p:
coherent diff. suppressed

(Different components at
» =102 and Q? = 5GeV?) P>

D
Fou /A

T T Py ' g
oo o T 8t
-
- ——_-
8 - i
= -
— T, 3=0.5, no breakup
o T,B=0.5, breakup
8‘ -- L, B=0.9, no breakup
Sh\ o L,B=09 breskup |
Y -=--qdg, B = 0.1, no breakup
" + qdg, B = 0.1, breakup
E—-—-i»_é,_..; _____ . ._._%
T - 5
0 50 10'&) 150 200

1

<
-
o ]
i
o
LT
< 4 i
D\<_ S
U_NOO, / =
S /4~ == Ca thick: ipsat thin: bCGC 4
- —- Sn, thick: ipsat, thin: bCGC
ol — Ay, th|ck |p$t thin: bCGC
0 02 04 ; 06 08

(Different nuclei vs )
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Conclusions

Computed diffractive structure functions F2 for nuclei

» Realistic b-dependence essential

» Nuclear suppression at small 3, enhancement at large
» Large A close to black disk: diffraction enhanced

» Coherent diffraction at small A suppressed by diluteness
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Conclusions

Computed diffractive structure functions F2 for nuclei

» Realistic b-dependence essential

» Nuclear suppression at small 3, enhancement at large
» Large A close to black disk: diffraction enhanced

» Coherent diffraction at small A suppressed by diluteness

Further questions:
» t-dependence in nuclei?

» Beyond Glauber-like (independent scattering) treatment of
nucleons?

Thank you.
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