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Structure Functions, low-x and Diffraction
WG A. Convenors: R. Devenish, V.S. Fadin

- inclusive DIS data and QCD partons
* low x signals

- vector mesons and DVCS

- diffractive phenomena

- experimental talks : about 1/3 out of 63 talks

infroductory talk: M. Ryskin, PNPT

Uta Stosslein, Hamburg, 20 May 2003



Heavy Flavours
WG D. Convenors: F. Sefkow, B. Kniehl

* charm in DIS and », fragmentation

* beauty in DIS and »

* ..and more ...

* [ theory and models > summary by B. Kniehl ]

- experimental talks : about 2/3 out of 34 talks

infroductory talk: B. Naroska, Uni Hamburg

Uta Stosslein, Hamburg, 20 May 2003



Recent results mainly from

- ep @ HERA

- UN @ SPS
N nera

(e W

. ee @ LEP . pp @ TEVATRON

+ B-factories . AA @ RHIC

+ pA @ HERA
—> selected topics from ~50 talks

Uta Stosslein, Hamburg, 20 May 2003



FvN new high stat data from improved ? and 7 beams N
2 better control of largest systematics: E,and E, o XFV3
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first measurements using ISR events ~36pb-!

ISR reduces E, > access of lower Q2 values
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[see also V. Lendermann, H1, for new F, measurement at low W, low Q?]
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new data from ep cross sections
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final HERA I s, and o, data:
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updates of QCD fits and parton densities
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Impact of Low x Constraint: d — @

H1 + BCDMS p & d H1 + BCDMS p & d (free Ag, By)
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Relativistic Heavy Ion Collider

PH-©

S

BTl " - > "i I. :

SR Sy | : o f I R g =
>Run 1 (2000) : Au-A @ VS = 130 GeV
»Run 2 (2001-2): Au-Au, p-p @ VS = 200 GeV

»>(1-day run): Au+Au @ VS = 20 GeV

»Run 3 (2003): d-Au, p-p @ VS = 200 GeV

Uta Stosslein, Hamburg, 20 May 2003 B COI e
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RHIC A-A collisions and low x

S pectators | N

Impact parameter

(b)

- v

> Ny gives # of nucleons that “participate” in collision
A =197 for Au U maximum N, in Au-Au is 394

> b determines centrality (“violence") of collision

central collisions (small b) - larger N, , high density gluons of
roughly dN./dA ~ 4 fm-2assuming k,~1 GeV/c

> produced particle properties Erand N, determined by
"low x" gluon dynamics (input from HERA) ? > test itl

Uta Stésslein, Hamburg, 20 May 2003 B. Cole 12



dN/dn saturation model comparisons [ 2(dN/d/N,

E W = 130 GeV
Kharzeev and Levin | n
PHOBOS data vs | pjpsr3 o079 | L A <
~large gluon flux in highly boosted e .
nucleus related to new scale Q4°: : '

p U QSZ / as' (QSZ)

~>take Q(s) s-dependence from
Golec-Biernat & Wiisthoff (from HERA)

Q.(s) / Q.(sy) = (8/5,)2 , A~0.3

>explicit dependence on 0, /.on wp
QSZ = ca, ( Qsz) X 6( X, Qsz) Pructeon - -
. o . 15-25 %
+ "additional model input
> remarkable agreement with data @ | 35-45 % *
130 GeV...
M

Uta Stosslein, Hamburg, 20 May 2003 B COI e



summary: RHIC A-A collisions and low x  B.Cole

- closest thing we have to ab /nitio calculation

- they provide falsifiable predictions |

- connect RHIC physics to DIS observables, e.qg.
Vs dependence of dN/dn = saturation in DIS

- but, there are still many issues (e.g.):
* What is the value for Q,? Is it large enough ?
* Is Qq really proportional to p,,.. (A3)?

- How is dN/dn related to number of emitted
gluons ?

- How do we conclusively decide that saturation
applies (or not) to initial state at RHIC ?

Uta Stosslein, Hamburg, 20 May 2003
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saturation in DIS Mot fouslohon: Color Glass Coutsusale

J. Bartels
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- exciting prospect of precision eA measurements at small x:

scattering is coherent over nucleus - diquark sees much
larger # of partons: xg(x.¢,Q?) = A3 xg(x,Q?), xg a x
Xeph = AV3X A 50 X4 = XATV3 2 = x/A3 (Q%< 1 GeV?)

= x/A (Q?% =100 GeV?)
A. Caldwell

Uta Stdsslein, Hamburg, 20 May 2003 15



electro- and photoproduction of vector mesons
» s(J/?) rises fast with Wd inelastic J/? at high |t|
d=0.69 + 0.02 (ZEUS) :
and d is flat in Q2
> described by pQCD, hard scale M 5,

> sensitive to gluon s, 0 |x6(x,Q?)|?
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new results on DVCS cross section —’c’ﬂ;"a
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Q? dependence well described by GPD or colour dipole
based models (integrated over experimental t range)
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vector mesons with COMPASS b Fr—

) Nun TV wrrm e
AR el MR ek

> 160 GeV 1 beam, Pol. ~76% - {

> 6LiD target, Pol. ~57% = o F”"'“”\\*

> prel. results with 1/6 of 2002 stat. Iwﬂ:['r-v-:::;' % i wl
angular distributions El = ’

o TR T A + o Hich lnminesity allows to collect large statistics sample.
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¢ Trigeer conditions allow the measurement in transition region from soft

= I diffraction to pQCD.

=

% i ¢ Possibility to measure donble spin asvmmetries with high accuracy,
o~ ¢ Spin transfer mechanism can be studied (violation of SCHC),

o Studv of GPD ar large ()¢
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Uta Stésslein, Hamburg, 20 May 2003 A Korzenev, COMPASS 18



energy dependence of hard diffraction
. ZEUS __ 4.2 pb” My method using FPC
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diffractive contribution to o, (?*p)

ZEUS 98-99 (prel.)
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reduced inclusive diffractive cross section at high Q2

new H1 data 99/00: 65 pb-!

H1 preliminary
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test of QCD factorization in diffractive production

H1 Diffractive Dijets - x <001
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Q? dependence of SD/ND ratio @ 1.96 TeV

[ Tevatron Cross-Sections at 1.96 TeV |

7 - Leading Antiproton + High E_Jet in Trigger

E 455 . . T

g o CDF Run Il Preliminary

& sp —_ 1 . . .

§ar E | Q"= 100 GeV (E] & [8, 12] GeV)
z:: = — Q"= 400 GeV 2 (E] = [18.25] GeV)
5 _':I —— Q%= 1600 GV (EL £ [35.50] GeV)
i =

g 7 I
{3 =10
0 Colour Exchange Elastic Scatter  Double Diffractive Single Diffractive ‘E
ey
@
o
v-Bjorken of Parton: 10°
3 ‘\E : :
: : | * aﬁ“r; overall. n:mm unuertalnty
(i=1.2.3 if Jet3 £ >5 GeV) _ _
10
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> Q2 evolution of Pomeron similar to that of proton (?)
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W and Z Boson Production at DO by the Diffractive Process

Sample Gap Fraction (%) Probability that Background
Diffractive/All (*) would fluctuate to the Data in
the (0.0) bin for W and Z Data
W cent 1.O8+0.19-0.17 I:x 144 170
W fwd 0.64 +0.18-0.16 6x10°F 530
W All 0.89 + 0.20 - 0.19 3% 1o 750
Z 1.44 +0.62 - 0.54 5x10° 440

DO Preliminary

j;‘ 5 .
\’/ (*) Includes correction for multiple interaction contamination.

Sys error dominated by background fitting.
E d{cos )
dn

dcr”

B / ds Fip/p(z0) i (B 12) i (2, 42)3

f

Fppplzn) = Nfdt exp(4.6t) (.’1:_

P

) 1.9040.52¢

Run I data Pomeron Structure
(Anti)Proton Structure

K. Stevenson, DO 24
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charmonium production - simplest laboratory to study
the binding of quarks to hadrons

e ——
® Pre-Tevatron: Colour singlet fusion " U<

+ Low by orders of magnitude
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B. Naroska
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® Two new ingredients: o " LocCs cs F_T'“E
+  Gluon fragmentation important L 1
(e.g. CS fragmentation) G e T R T o g e i g
il 1] L] L 11] F 14 19 I 1]
¢+ Colour octet states important- e.g. Py GeV)
NRQCD expamsion: Beneke, Kriimer, PRD 55(1997) 5269
« do(H)=2, dolccin)| (0" (n)) CDF Data: PRL 79(1997) 572

. - (Run 1A data, 18 pb™)
« n includes colour singlet and

octet states

+ Expansion in &« and v (relative Colour octet fragmentation

velocity of quark and anti-quark) dominates at high P,

Uta Stdsslein, Hamburg, 20 May 2003 A Meyer, CDF

25



Charmonium Production at HERA-B

0B

e

o A
& pAh
1 ¥ pA(HERA-B)

9 20 30 48 50 ”.'E B
(e

-0.4

preliminary
4 Carbon
4 Tungsten

tegdata.IL
02 0 02 0

Xp

4

Dirk Krucker - HERA-B Collaboration

B First results based on 2000 data

published:

(Ry.) =0.32 £ 0,060 +0.040 / CS

Zlf:l (T | "'.e.'.']B'r'[\l.:'E:' -t -'TrI“

R, =

a(J/)

N

# About 300000 .J/4's and 20000 y.'s

in 2002/2003 data,
many ongoing analyses

cO

New results coming soon .--r“"'|

Uta Stdsslein, Hamburg, 20 May 2003



Study of e"e~ — J/v + charmonium

Studv in detail J/4 recoil mass spectrum around ~ 3GeV/c
3/

W[
- . .
2 [ 101 fb-1 preliminary
E 30 I ||'1
= I
D :
D _ 4 38
Racoll Mass{J/y) GeVic?
” N - .1ur[{'rr~"',';.r'-"!| | & l N _Jl.r[{;iﬁ'_.,j'ar;"‘ T |
e 1754+23 | 2972+0.00T | 99 || 179+22 | 2.971 £ 0.006 | 10.6
J [ -0+ 17 fixaed - - 0.0 fixed -—
Yol 61 4+ 21 3.400 £ 0.010 | 2.0 72421 3.408 £+ 0.009 3.8
Yel + Y2 —15 = 19 fired - .0 fixed -
N(25) 108 4 24 3.630 + 0.008 @ 4.4 3.628 4 0.007 4.9
' —38 1+ 21 _ fixed . fixed J——
hsi X =82 +-1

P.Pakhlovw DIS*03, April 23-27, 2003

Uta Stosslein, Hamburg, 20 May 2003
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€ pQCD 15 expected

g [to work !]

le= D1

Charm fragmentation function

Tl |

[= " EZEUS (prel) 19%-200 Charm fragmentation fractions
=

= FYTHLA (Peterson)

= 2 F-— =il

—_ ::ﬁ ZELS |-'r-e'|. ) RTTTLATTTE Hi |=|'l'|. N kT
5 S o O, o H LR T S T i || e daln
15 |f.;.- — D) = 0.240 4 001475 s New 23250000 0.20240.0207 155 10
|f.:.- » D" = 0.557 4+ 0,019 hSAEELDRE  OGREED, 054 1T fa
I |.,|"I;q- — D) = 0,107 4 00000 4 0,005 O 10 L AR MR 0. L5000 3 DS 200
b P = 0064 £ 0,006 220 |,r¢.: — At} = 0,076 4 0,02010 10T NeW o + oot
[ Patersnn [f(c — D**) = 0.223 £ 0000500 D2I5H0007  0.26340,019 5158 (2
il | 1 i i i 1 i i i 1 i i i i i i
nl: M nlh rhn I e e — - — — e = - -
’ charm fragmentation fractions are universal

flz) > ==

] -\.-—'_--l: 1 —:_._|'|:

it i= valid to use charm fragmentation parameters measured

£ = u,uﬁqiu,[]ﬂﬁt:'l::ui (ZEUS prel.) in e*e~ annihilations to describe D—production in e*p collisions
e =005 (PYTHIA default) IHERA provides own charm hadronisation|
ete= ¢« =0.053 (LL fit to ARGUS data) [measurements with competitive precision|

- universal |

Uta Stdsslein, Hamburg, 20 May 2003 L Glad|l|n, ZEUS 28



QCD tests sensitive to a5 and heavy quark masses
Andrea Giammanco - ALEPH Hagar Landsman (OPAL)

Gluon splitting to o
il
at the /' resonance

Y 'II__-"]
OPAL 8 B = L
OFAL De P -
ALEFH Ds e
L¥ep :_:r-_::__..-_'____. -
L2 NN e
ALEPH e —-1— hew
WORLD AVERAGE 1
| l = 1. l
o 1 2 ] & 5 -]
]|.|'||||'\-|.|||.| ||||'\--|'\"_-.|| ||||"||||iI 11 |-|'|
|.|||I TI.'_'||i| --|I||' 10 T, .|||l:_rlcm e qyie -\.|||:'|l.'||
New World Average: 5

e = (3.01 £ 0.33)'% Theory (resummed)

Gluon splitting to bbbar
and b fragmentation

Average

Uta Stosslein, Hamburg, 20 May 2003
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. Charm Cross Section cont. %

Calculation from M.Cacciari and P.Nason: Resummed pQCD (FONLL)

Ratio of measured to predicted eross section: ~70 pb-t
- :ﬂ?:_;un ii PEW“HHI;I:H CDF Run Il praliminary
un wory Cross ar i e
il = . SR - — - CTEQEM PDF
d I i 1 - a t I -

il i sk | Fragm.function:
; from Aleph meas.
J- Renorm.and fact.scale:

“.:'._ ui: m =|:|"|'II'—:|:} -3

FE st - 1 . o ST T N N — —— LJ”EE[LH”IIF
" = " gD Gavicl , " a0} [GaNe] vary scale from .5 1o 2
COF Run |l praliminany

. " DataTheory Cross Seclion

3 D+ i : :

T 14 Rl « Measured cross section higher
wE - | 1 * Not incompatible with uncertainties

J: * p; shape consistent for D mesons
uf

" m e =

poi0) [Geaire]

¢ 0(10") D°— Kmexpected in 2 fb* (in ~2005)

Uta Stésslein, Hamburg, 20 May 2003 A Meyer, CDF
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doldp; (NbiGeV)

D* Photoproduction (ew) q challenge for theory

ZEU
L LA L DL L B L B
_ .
0 » ZEUS (prel) 98-00 /7 =
i 3 _jE_
=
1 =
-1
10
-2
10
] —
10 L %
5 10 15 0
p:(D) (GeV)
% & H1 9900 fprel,)
4] L
% 1k = NLOQCD 'massive’)
.EF A I e Cascade
X e
o g ;
1 '
= A —
8 |
=
'L
| | | [T T e | M L P e |
4 5 6 7T & 9 10 11 12
pt (D7) [GeV]

S

T
o T
T

[T S o R

.

do{ep—» D* X)/dn [nb]

T =

el
Cad EF g

()2 < 1GeV?; 130 <W,p< 280 GeV 79 F}b :
pf" > 1.9GeV; [P <1.6

No electron tag

R. Hall-Wilton, ZEUS

-1 1] o Electron tag: 49 pb*
e Q7 < 0.01 GeV?; 171 <W,p< 256 GeV

_ ___________ | ®  Hi 8900 prel ;J.]{" =25GeV; |n| <15

F : —NLO QC0 'massive’)

e Casat e NLO below data

=
o ==

—
o Fad
TT TTT{

=]
b

(low py, n > 0)
¢ FONLL not better
even below NLO at high py

315 o CASCADE too hard

R G. Flucke, H1

Beate Maroska, University of Hamburg

Heavy Cluarks at HERA
9

Uta Stosslein, Hamburg, 20 May 2003
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CInb GeV'|

da(ep—seD*jjX)/dE

ER R

ep -> ccX

first | Differential Jet Cross Sa-ctinns' in DIS

H1 preliminary H1 preliminary
= @  H1D"%j (prelim.) o 1.25 B H1D+j (prelim.)
[escisis == RAPGAP dir B, == RAPGAP dir
e -t. | = — RAPGAPdirtes g: 1 —— RAPGAP dirtres
I . ‘l - = CASCADE = il i -: - = CASCADE
- - 220.75 i
10 F o - |
TR - ‘3|-’ 0.5 -
s i o
i E{LEE rEeees ; “““““
1u-q i i IIII u lIlIIIIIIlI-IIIlIIIlI
5 10 20 6 1 2 3 4
E,  |GeV] AN
—+ RAPGAP direct and direct+resolved below the data for large £ and small _1-1;
— CASCADE above the data
- new level of testing QCD

Uta Stédsslein, Hamburg, 20 May 2003 S. SChmldT' H]_ 32



A tricky business...

b cross section at HERA

s I
* H1 rel
2 o8 red: ICHEPO2 results
= ® H1 p impact param. (prel.)
= O ZEUS e p;
pr S [ m ZEUS pu pye (prel.) H1 DIS:
H1 Photoproduction: == A ZEUS Dy (prel. 4 jets extrapolated
jets extlE)apoIated T 4 i  (prel.) //to the full phase space
to the full phase spaED\ ® C Gerlich H1
3 ' ’
ZEUS D*-muon: /2 Thi vsi
is analysis
extrapolated to the i - visible cross section

parton level i

7
ZEUS PhotoproductionA

muon extrapolated
to the full phase space

The visible cross section 2 2
agrees with the NLO! ] Q (Gev }
M. Corradi, ZEUS

jets in the Breit frame

Uta Stdsslein, Hamburg, 20 May 2003 v Ch|OCh|G, ZEUS
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HERA-B: pN -> bb

E Cross Section Measurement
» Extrapolating to full x. E ml_ B HERA-B Kidonakis et al. (2001)
* Combining both channels g

=

=

=

E 10

=

=
We get: © |
olbb )=132 *}; . 7 &) ND/NUC] Bonciani et al. (2002)

-1
10 |II||L'|I|I||.__LJ.__J___ ...... L

400  S00 600  TO0 8BGO0 900 1000
Proton energy (GeV)

30x more statistics on tape
-> will be systematics limited (J/psi BR and total Xsect)

-> can measure p; and x; dependence

M. Braeuer, HERA-B

Uta Stosslein, Hamburg, 20 May 2003
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O+ lepton
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top ; : :
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Theory results from M. Carriari etal. _(pb)
2
My = 175 GeVie", My /2 < < My

Run 2 +30%

Tevatron energy (TeV)

[ Gy=53%19,,+08  +03,.pb J

19 2 21 22 23 24 25

Uta Stosslein, Hamburg, 20 May 2003

Y. Gotra, CDF 35



It was a lively and fruitful workshop

Uta Stdsslein, Hamburg, 20 May 2003 All mistakes are mine...
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