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“I got what I wanted, but it wasnw’t what I expected.”
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High Parton Density QCD

( A reminder )

ln(}/x) K>> 1 K=1

ANL - March 16, 1999
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ln(/

1/X)
tk>>1; ag<<1

. : IK=1
Quasi-classical
: / GLR (1981)

Gluon Fields A yuener and 1.0 (1986)
L.McLerran and & A.Mueller (1990)
R.Venugolan (1994) f J.Collins, J.Kwiecinski(1990)
Yu. Kovchegov (1996) 4 J.Bartels et al.(1990)
AKovneretal. (1997)f KMS (1991)

Yu. Kovchegov and g4
A. Mueller (1998) # A.Ayala,M.B.G. Ducati, E.L. (1996)

AXovner (1998) # E.Gotsman,E.L., U.Maor (1997)
A. Mueller (199F Yu. Kovchegov (1999)

“k<<l ag<<1
Shadowing Corrections
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Theoretical status:

e k is the parameter which controls the strength of

SC;

e We know the correct defrees of freedom: colour
dipoles ( A. Mueller (1994));

e We know that the GLR - equation describes the
evolution of the dipole density in the full kinematic

region;
dn(gf},’qz) _ Yu.
Neas [ KBFKL(q?, ¢2) k(y,q) Kovchegov

e We are very close to understanding of the parton
density saturation ( GLR (1983) );

Ringberg WS: “ New Results from HERA" - April 30 - July 4, 1999 E. Levin
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Where are SC?

HERA puzzle :

e HERA — DGLAP evolution ;

e HERA — high parton ( gluon ) density ;

" " PO AP G |
10 10~

NIKHEF. August 27, 1999 E. Levin



Fy(x, Q%) vs NLO QCD fit

H1 97 preliminary

a2
=
1 - +
e ¢ ¢ L
L A
L Q= 2GeV? L Q'= 25GeV = :sscev2
2 ol sl aoaasaad gl FETYTY BT UUTTY BT U U T BT Wy |

= &SGeV
2
Q*= 12GeV? L Q*= 15GeV? L Q%= 20GeV?
2 aod sl s d e and FROPTY BT EPUUTITY SEPETTTIT BT | PETTTY BETUT WY g caod 1 eaaupd
L u B
- - A_ -
. Q'= 25GeV? L Q= 35GeV? L Q*= 45GeV?
2 M T | panl ul sl gl . Lol aeaid ul FOTV BRI |
- - - @ H197 prel.
: i [ & NMC
3 — FI prel.
- _ \
Q*= 60GeV? Q'= 90 GeV + Q= v
i i sl aul aaad o mi aul mi il P FRTURTY
10 1072 10 107 104
X

e F; assumption based on QCD fit (small influence)
e Precision: ~ 1% (stat) 3-4 % (syst)
e DGLAP describes the data very well...

_even at low Q? and low z!



Theory:

x Scales in non-perturbative QCD:

1. Radius of confinement ( Radius of hadrons )

Reons = Aoop © Lfm where ag =
47

bIn(Q%/A%ep)”

QHAQCDQSHOO

2. Radius of chiral symmetry breaking ( Radius of a
constituent quark)
Rsp ~< p>= 02fm where < p > is the
average size of the instanton in a hadron ( Schafer
and Shuryak, RMP (1998)) |

Rcanf > Rsp

19



3. Scale of factorization breaking
GLR (1981)

Mueller and Qiu (1986)

Mueller ( 1997 )

Rpr = m where Qo(z) is the
average transverse momentum in the
parton cascade of the fast hadron.

ln(yx) K>> 1 k=1 R

>> RSB >> R

conf BOPE

/
K<< 1
SISIONN

Equation for Qo(x) :

o(GG) _ 3ma(Q(x))

n=2G@ 0T T o) B

2G(z, Q(z)) = 1



Golec - Bierat and Wiisthoff approach:

e o(y'p) = [ [dr1dz|¥(Q%z,r.)* o(x,r]) ;

r2

S
e o(x,ry) = 0p{1 — e RM® };

NESY
e R2(x) = 1/Q3(x) , where Q3(x) = Q3 (%)
Heka TERA

oo = 23.03mb Q;[r) = Jd¥F- 2Cey? 2 - SCe!
A = (.288

* x = 3.0410°*
Q: = 1GeV?

tp=ted

log,,{1/x)

2 10 10 10 1 10 10 10 10
Q Ql(Gev?)

e The critical line Q? = QZ(x) o The effective ap(0)

Ringberg WS: * New Results from HERA" - April 30 - July 4, 1999 E. Levi
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3
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WaTS (x2)
—!'l“ {x1)
10?

diff,
o /om

ZEUS 1994

; S.[ M=2GeV S.[ M=5GV |
Ny T Ny |
~ : i | ~ : i
S + A {
E 14 Lol ur |
[ ; l | :
r i : r L !
i QT/L%’ W P
L L e man i
iF Soft Pomeran 1 1 -" Soft Pamerar )
L e Lo e
2 2
i 10 10 10 10
0(GeV) 0(GeV)
10 0’
Q? (GeV?)
L ]
¢ The effective ap(0)
ZEUS 1994
e Q’=8GeV? v Q=27 GeV?
O Q?=14 GeV? A Q%= 60 GeV?
0.06 _ M, <3 GeV
0.04 —
0.02 -
of
0.06 —
0.04 -
0.02 -
0!
0.06 —
0.04 -
0.02 —

ot ] !

o‘; P | P
40 60 80 100 120 1

40 160 180 200 220
W(GeV)

e Ratio opp/Tiot
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'f‘-"_'HiRl-\ eac.,:ertmen*s ﬂ””

o are not .seea.uh ve
B eccau.w. H\e.\! o.r-e
UV\ sque.
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?

x* How to measure Rgp. ¢

* "Hard" factorization
( Collins,Soper and Sterman (1988) ) :

e Formulation:
0(A+ B — jets(p:)+ X) =
F!(1*) ® Fi(p®) @ a" " partons with p, > k, > )

Mueller and Qiu (1986)
Kwiecinski (1991)

e [Factorization theorem E.L.,Ryskin Shuvaev

does not work for (1992)
P L Qule)=1/Bsr  Myeller (1990)

Laenen and E.L. (1994)
Mueller (1997)

e Experimental checks and theoretical studies are needed on F T
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- The effect of screening on the x and Q2
dependances of the F - slopes

e E. Gotsman, E.L.& U. Maor : Phys. Lett. B 425
(1998) 369;

e E. Gotsman, E.L.,, U. Maor & E. Naftali: hep-
ph/9808257.

ZEUS 1995 Preliminary

10 10° 10 10 10 10 1

e ZEUS (1998) ( Caldwell - plot )
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Questions and Hopes :

e A new sufficiently large scale ( Q@ = 1.5 —
2GeV ) for transition from “hard” to “soft”

interaction ?
e A manifestation of SC ?
e A hope for theoretical approach to npQCD ?

e Our hope and ideas:

1. SC for description of the transition between
“hard” and “soft” processes ;

2. Use of the ALLM’97 parameterization as a
pseudo date base .

X K
koK

It is
not

so bad,
is it?

A (x @)
ain(Q?)

oF,(x. @)

An{Qd)
[Ty

X X
X K

Ringberg WS: “ New Results from HERA" - April 30 - July 4, 1999 E. Levin



Comparison with the pseudo data base ( ALLM’97):

IF(x.Q%)
aIn(Q?)

9F,(x,Q?)
aln(Q?)

T[T T

YT

LARARE RERE N

sty e by

laa-3-by

"..IHLILA_LLA_..I.:.
Z

SRS IR AL ALOL LAY IR | NI B ARALE RELAAREEL LA |

i Q=06  ._._.. GRV Q*=0.866 ":1
e\, — - —GLMN 3
SN — —MRST b
ke \'\_\ s ALLM -E

Q?*=2.16

Y FETE FRTE WS F

TS BT FWUY BT U

PRI TS REU N W eerT B

PTETTYY RO WOTTTY RPN B ST,
10-¢ 10 10~ 107! 10~ 10-®  10-*  10-!
X X
x = 10-¢
1 T T T _}

02 -
oLt ! 1 ]
1 2 3 4

x = 1073
0.4 T T T =

0.1

Q?

0.8

0.6

T T T

0.4
0.2 -1
T 1
o Lt 1 !
1 2 3 4
x = 102
0.4 =1 T T 3
[ o=z ALLM
+ - — —GLMN
03r e GRV
r — —MRST ]
02 -
ol 1 1 1
1 2 3 4

Ringberg WS: “ New Results from HERA" - April 30 - July 4, 1999

E. Levin



Alternative description ( MRST - parameterization):

oln@? 9«

OFy M_SxGDGLAP(m’Cf)

¢ The DGLAP evolution equation -  essential
decrease of G at small x for initial gluon distribution .

Ringberg WS: “ New Results from HERA" - April 30 - July 4, 1999 E. Levin



Xp - dependance of opp :

e E. Gotsman, E.L.& U. Maor : Nucl. Phys. B493 ( 1997 ) 354.

DATA:

ZEUS 94

e
Re]

6| I<M,<75Gev

14

where Ap = ap(0) — 1.

Hl: op = 1.2003 + 0.020 (stat.) + 0.013 (sys.) ;

ZEUS: ap = 1.127 + 0.009 (stat.) + 0.012 (sys.) ;

| - March 16, 1999

E. Levin



x Fa(x, Qz)

Otot X

< 05

0.4 r
® incl.DIS H1 Prel.

0.3 |

i 4
ﬁi”
0.2 r { $§§

0.1 - 1 t

1 10
Q*(GeV?)

o
Y
2

HERA —> 7PD —; Const ( energy )

Otot
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Why is it surprising (interesting, refreshing ) 7

~

dopp(v* — q+ @) o

| pr dt

dofp(v* — q+9)

P dxpdt

ANL - March 16, 1999 -

Q

M
4

0

- k2

T dk?

dk?

Q*

X

N

(1-2)Qu K,

k2

2
as xp G(xp, ﬁ) )

(

ki

2
as xp G(xp, 125) ) |

k2

KE

E. Levin



HE R

) ] M2
dopp(v* — q + @ + G) o(/4 dk?
Q

prdt ki

Xp

X In(M?/4k?)

(as Xp G(Xp, ki) )2
51
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SC ( asymptotic ptédictions ):

xpG(xp,k?) / /db2 {1 — e 5k

where S(by) = e RZ,

® XPG(XP,ki) = ki R?

2

OXPSE—IEE = (xp G(xp, Qj(xp)) )" Qg(lwp)

Ringberg WS: “ New Results from HERA" - April 30 - July 4, 1999 E. Levin



x=10-5
0.6
> _ dlog (xG3¢(x,Q7))
/ dlog(1,/x)
0.2 -
or | uul {

rannd i L PO Lo Y
1 10 102 10° 10¢ 1 10 102 102 104

Q® Q?

e From the above picture for Q3(z)

Q%(x) = 1 GeV? (iyk

e A=0.54 (above picture)

e ) =0.288 (Golec-Bierat and Wiisthoff ( 1998 ))

Ringberg WS: “ New Results from HERA" - April 30 - July 4, 1999 E. Levin



HERA gove the firct?
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A

Physical Interpretation:

2

t - channel gluon scatters off sem-classica;
vacuum gluon fields. This scattering leads to
exitation of the quark zero modes —— pion
production. |

This picture is very close to one that J. Bjorkem has
guessed ( J. Bjorken hep-ph/9712240 )
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SC for Fz

x values x values
30.0 30.0 —
LY X
— DGLAP
20.0 200 [ |72 WOOM ]
—=—-GLR
Q’=5.0 GeV* .
100 | 100 | /,/" 1
0%, 9% 100 200 30.0
y=in(1/x) y=in{1/x)
k values
_we | Results: |
ol |— MoDwm ‘ e SC are large for
" ~--- AGL .
e G (xz,QR?%) but their
= 10. GeV* . values do not depend on
100 | T the way how we take SC
into account;
%0 100 200 300 e SC are rather small for
y=In(1/x) F .
2
F2 2 F2 \ mH1(96)
15 L Q=15GeV’ A\ Q=35 GeV* _ 15 | —— F,(GRV 85)}
\ —=_F,(MOD)
= H1(96) N
10 | — F,(GRV95)[T 1 10r i
N ~-— F,(MOD)
05 | T . 05 | Q=20 GeV’
0.0 i vt } \ it a t 0.0 gt it
\
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Q’=5.0 GeV*

Q’=35 GeV*

0.0

i

Q’=60 GeV*
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3. Reconsider the struetu re
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