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Outline of the talk:

Short review of low x HERA data, Dipole Picture,
Saturation, oomph factor and all that

Why Pomeron at HERA?,

What is DAF-BFKL Pomeron
Evidence for DAF-Pomeron from HERA data

Relation with DGLAP
MRST €= EKR

Pomeron-Graviton Correspondence

Consequences for RHIC, LHC, EIC, LHeC
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Low-x Physics @ HERA

'l = WImAe,(WZ)

¥ H1 96-97
A ZEUS 96-97
® ZEUS BPT 97 — |P-Sat . . .
* (cev) g Diffraction at HERA is a shadow of DIS
o.z::::) T et - e ZEUS data (FPC) — IPsat
o e = O Hidata(LRG) beGC KLMV
0.40 (1.8) “"’y_./,ri‘:’;/ diPOIe pinur'e ™ p=0.01 f=0.04 p=01 p=02 f=0.4 p=0.65 p09  Q*[C
0? iji]j” o h_.f__‘,,‘/’ . ‘ ?;a.o.os 35
 pstr equivalent to % | = peteasfomtnee ]

5

o / LO p-QCD

B //’”./ for small e
o ,j/%f/// dipoles,

oy % /2*///// Q~1/r B B

By % ///;5/// 5] S S S

8.5

TRl
?
!

12

. ] ' | - o
ab ek WL El S e LS YA
} ? } E §-.§ -? :.% ?g f

20.0 (1) [ t: / R S 15
it B S :
N NNPZ, AM, 6LM, FKY, GBW | - — 2
oo N0 x= <001 TpeKP, BEBK, IIM, FS5.... N s
T I T KT - Kowalski, Teangy o '
W (GeV’) KMW - K, Motyka, Watl .

dn’a KLMV - K, Lappi, Marquet, Venugopalan

20

0
0.05

{
MARREARRE]

ol (W’ ):TW"-FZ(x,QZ)

E
FiE

20C



Dipole Picture-gluon density convoluted
with the dipole wave functions =

simultaneous prediction/description
of many reactions
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Dipole Picture-gluon density convoluted
with the dipole wave functions =
simultaneous prediction/description

of many reactions
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Extracting Proton Vertex using Dipole Models
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Basics

solved by finding a
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BFKL equation at iq=Q-,

d*k’

of BFKL

Conformal invariance

complete set
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NLO BFKL with running o
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Fadin, Lipatov
6. Salam
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property of y:
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away of k. T(k) = etive®) pulk) = 2 [ T ()]

Matching the solutions at A=k_. . determines the phase of oscil.= n/4
Lipatov 86 =» encode the infrared behaviour of QCD by
assuming a fixed phase n at k,
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D, s known in QCD
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barely known

Structure functions in DIS
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unintegrated gluon density
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Contributions to F, of
the individual
eigenfunctions

good data description
due to interferences

= phase n precisely
determined

----- leading EFun
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Where Do BFKL and DGLAP Meet

Lipatov, private communication

Unintegrated BFKL gluon density (LO, no running a.)
xg(x, k*) = / dy®p (7v) <_«,) o FsX\Y) = / dyPp(vy) exp(F (7))
: H= :
=" +iv

Saddle point ;.\ (1002/2) 4+ n(1/a () = 0

aln(l/x)

Asray 2 2
X(v) = ——=20(3)7" + -+ =
~ In(k2/ )

. [as In(k2/p2) e s _ TN T 1 S e -
w A ds /v =4/ ' valid if a(k")In(l/z) < 1,

In(1/x)
\ A, | not fulfilled for HERA

Hi t LHC !
equal to DLL limit of DGLAP (LO, no running o?;')e"e" L



Pomeron and Gauge/String Duality
Brower, Polchinski, Strassler, and Tan, hep-th/0603115

Pomeron is a coherent color-singlet object, build from gluons,

with universal properties; it is a closed string propagating in ADS space,
when the conformal symmetry is broken at some infrared point in the
fifth dimension 9

lt@=2— in ADS/CFT

Ja4rna N
in N=4 YM SuSy QCD

Kotikov, Lipatov, Onishchenko, Velizhanin, Physt. Lett. B 632, 754 (2006)

0.8
() .

o el BPST> ,
' -/ € BFKL at fixed weak coupling

ol LO - BFKL = bare graviton at fixed strong coupling
' Stasto, hep-ph/0702195

® =0.26 PP

9. 2l - QCD resummation
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D, knownin QCD
Consequences

D)5 -

HERA finding:

Proton consists mainly of gluons
they determine its main propeties,
like the mass

6 d LHeC will substantially
SN SE improve the knowledge
“ of gluon density

enhancement of leading eigenfun.by (1/x)®

e L - k I f_} k . I‘_'.U” J iy 1

@ \ -Direct access to the gluonic structure
of Protons and Nuclei



Diffractive Vector Mesons

Consequences

Diffraction measurements at
LHeC and EIC will substantially

improve the knowledge of @,
- gluonic structure of matter

Pomeron- Graviton relation:

e.g.
Measure the t-dependence of w:
Is DAF-Pomeron moving towards

the Graviton or away from it?

Build detectors which are able
to measure diffractive reactic
with high precision




Instead of Conclusions

Study of Gluon Density are very important because
it is the analog of Black Body Radiation in QED

It seemed hopeless to study pure Gluon Radiation
since it is never free. However, it is becoming free
for a short moment in HEP reactions

HERA has shown that physics processes at low-x are
completely dominated by pure Gluon Density,

Investigation of Gluon Density has a chance to become as
fundamental as Black Body radiation






The QCD improved parton model
MRST/CTEQ approach

sea quark densities (input: go(x) for every quark species..)

d £ oofx| o K oicl*
q(x,y) qo(x)+2n_ ?qo(é:){ (é‘jlnkz +Cq[§j} 2 ng(é:){ (fjlnlfz +Cg[§j}

MS-bar scheme

E(oQ)=xYe; f—q(é,Q ){6(1—5) 2 CMS( éj }+xZe Iﬁg(m ){“s MS@+. }

second term gives a
very small contribution



Eikonal exponentiation (Glauber-Mueller, MV):

= l’

- ¥ 2 p
;:12:‘;[ = 2 ['1 — exp (—%rjrlH(;f JJ‘J{! T )T(f}))]

Depends on impact parameter, momentum scale
Define saturation scale Q, by
do , (x, r* =2/Q%(x,b)

n =2-{1-exp(-1/2))}

Estimate Q, using indicative models for proton impact-
parameter profile and gluon distribution:

A 1_ 5.6
¥g5Ho) = [ ] (=) + DGLAP evol.
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Basics

solved by finding a
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BFKL equation at iq=Q-,

d*k’

of BFKL

Conformal invariance

complete set

- - aCs r -
of(okiky) = (ki —k2) + — [ ——— [f(0,K k) A !
o /%o of eigenfunctions
M ekik)
k2 4 (k" kl)?" R R2)
Eigen- (k2)iv Characteristi
_ o, (K7) W= % 1 aracteristic
functions fw(k®) = = | SX( ) function
- (V) = =2y —w(1/2 + iv) —y(1/2 — iv)
v 1S the Digamma function
Green 1

function

o0 fl‘_% i 1
fBrrL(w, ki, k2) =/ dlf( : ) .
s o f:.% 22 k1ko (w — asx(v))




| ﬁ’=ﬁ:—{:1—,ﬁ]kand
Dy = &+ B(1-P)Q* + m]

Dy, (k—k)* + B(1—-0)Q* + m;

N i B kj] i
p1-p)Q? @2

B = ) eg(Sq+Vy),
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Pomeron-6raviton Correspondence

a(f) = o, + a’t
String theory emerged out of 4
phenomenology of hadron-hadron scattering

Dolan-Horn-Schmid duality between |
s-channel and t-channel Regge-pole description

of hadronic X-sections i A oy, b
S'Z'Zﬂ e T — 2 | -" fo, A=
r ~ A — o g 2lt) p 2 fs
Zs_.;_ﬂ.f.r—::mz = BlE)(=a's)™ L/

r

=> Veneziano amplitude

Artr-—rtn—(s,t) = .'.;"3 Fll — ﬂpl:f:lf]r:[l — ﬂ'PI:‘S:I]
[[1 — apls) — ay(t)]

MP=1 {GeV :I:! Figure 2

generalization by Virasoro = dual models Als ) =p Qe TN )

I(1-3a() - 3a() (1~ 3a(s) - 3a(@)I(1-a(5) ()
> mesons are open strings, closed strings necessary for unitarity
L - string length, E=cL, J=a E°

Virasoro-amplitude for @(0)=1 has a pole at s=¢=0
with J = 2, a graviton = starting point for theory of quantum gravity

Superstring Theory, Green, Schwarz, Witten (1987)
R. Brower hep-th/0508036



Maldacena Conjecture
from the talk by J. Maldacena

Particle theory = gravity theory

Most supersymmetry QCD String theory on (JM.)

theory AdS,x S 2

N colors N = magnetic flux through S°

/4
S . . . 2
Radius of curvature R55 — RAd55 = (gYM N) ZS

Duality:
g?Nissmall - perturbation theory is easy — gravity is bad %

o2 N is large > gravity is good — perturbation theory is hard

\2/

Strings made with gluons become fundamental strings.



Consequences for LHC

Good knowledge of gluon density around x~10-2 and Q2~10000 GeV?
is essential for LHC physics (Higgs region)

Large effort is going into precise measurement of W and Z inclusive
X-sections = precise determination of sea-quark distributions
= precise gluon density

Is the sea-quark €= gluon density relation the same in the
DGLAP-like picture (MRST/CTEQ) and DAF-Pomeron?

EKR MRST
T [T 20 — gl sea-quark€= gluon relation
Xu Xu

‘10 — ’ _ ‘ can be checked by the
: : jets with p; around 50 GeV




Consequences for LHC

Proton dissociation

In high pp (ep) reactions particles are emitted approximately
uniformly aleng the rapidity axis 2
papidity range in ND =In(s/m’)

AR RN

papidity range in SD =In(M,"/m ’) =2 rapidity gap AY =In(s/M,7)

M55 =€ - fraction of the proton mementum carried by the pemeren
£ is called xpp in ep,

minimum £ at LHC =1.4/s =7 *10% (deep in the saturation region)
probability te find £, P& ~1/£ds

Can be measured with help of forward detectors down to x~10-7?



Consequences for LHC

Consider diffractive production of a 'small’ object

Single or double diffraction?
- y = /”(S/mXZ or y] + )’2 = /”(S/mX2) ?

- Examples:
* pp — p (jet pair), pp —> p (D A,)
* pp = pn.p, (RHIC) pp - pHp (LH
* pp — p (Jet pair) p

Measure the t-dependence of ®:
Is DAF-Pomeron moving towards

the Graviton or away from it? (EIC)

.....

0

-
-




Consequences for EIC

Measure precisely the dependence of inclusive
and exclusive diffractive processes (DVCS, J/Psi, rho, phi..)
> Investigate QCD evolution with diffractive processes
pure evolution of ~(gluon density)?
t-dependence of effective exponents

>l Investigate Structure of Matter as x increases !l

Note: QCD evolution at HERA studied only with F,
H1 and ZEUS measurement for F, agree to ~3%
for diffractive processes systematic differences
are factor 10 larger

Main reason: HERA experiments control only ~2/3
of the rapidity range



NLO BFKL with running o

solution away from k_..
fulk) = =¥

f_uv(k') _ . (II{' < ;‘T(;rit)a

Matching the solutions at A=k_.. determines the
phase of oscilations = /4

near k"’ko fu(k) ~ sin (Mb;j“] (kz — L;S’) - !}) J

‘0

Lipatov 86 =» encode the infrared behaviour of QCD by
assuming a fixed phase n at k,

Quantization

‘Kerit ] -/
condition | » (k) = 2 / % v, (k)| = (n — —ll) T+ 1,
J kg 3 '




The QCD improved parton model
MRST/CTEQ approach

sea quark densities

D) g % (% LA P 2 TS LvIE:
q(x’ﬂ )—qo(X)+2n.!?qo(é:){lzq(éjlnkz +Cq[§j} an ng(é:){ (fj ICZ +Cg[§j}

MS-bar scheme
FsQ)=xY e, f—q(é,Q ){6( S Z;CMS( éj }+xZe Iﬁg(m){“s MS@+. }

second term gives a
very small contribution



Consequences for EIC

Measure precisely the dependence of inclusive
and exclusive diffractive processes (DVCS, J/Psi, rho, phi..)
> Investigate QCD evolution with diffractive processes
pure evolution of (gluon density)?
t-dependence of effective exponents!

Note: QCD evolution at HERA studied only with F,
H1 and ZEUS measurement for F agree to ~3%
for diffractive processes systematic diffrences
are factor 10 larger

Main reason: HERA experiments control only ~2/3
of the rapidity range



B, (GeV?)

measurement of o’

v p — J/v p (photoproduction)

H1 (Q° = 0.05 GeV?)

2

ZEUS (Q" =0 GeV?)

b-Sat model

-
e
.....

ap = 0.11

5+ 0.018(stat.) 500t

(

syst.) GeV ™2

Significant slope is expected for
a leading pomeron trajectory
Lipatov (1986)

C
J”(t):l+r5(t)

BPST =

2

10

a' =R?/ gy, VN

W (GeV)




