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Experimental Summary

Joerg Gayler, DESY

Results presented

from all 4 HERA experiments
DO

WAB89 (hyperon beam)
SVD
PHENIX(RHIC)

Conclusion



many slides have name of the speakers,
but they are not responsible
at least not for the purple stuff

| tried to pick from all speakers the most important results

Very subjective and in a hurry
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large phase space covered by HERA 6+p e p data

at high Q2 and x
Tevatron jet data contribute to pdf
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HSQCDO0S5 exp sum

Yongdonk Ri

Deep Inelastic Scattering at HERA

3 (7}) (k)
2 2 '\2
Q' =—q’ =—(k-k)
Virtuality of exchanged boson
/ZO W%(q) spatial resolution : A ~ \/Lz
Q
Q> momentum fraction
X =
2p-q of the struck quark
y= L inelasticit
Pk Y
®Neutral Current ; exchange of ¥ or Z° s=(p+k)” Q*=s-x-y
®Charged Current : exchange of W= Only two independent
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Yongdonk Ri

Measured NC and CC cross sections

Suppressed due to
large mass of W boson
compared to NC DIS

Electro-Weak

pb/GeV?)

do/dQ

A
=

]
—t

HERA

* H1e*p NC 94-00

A H1epNC

0 ZEUS e*p NC 99-00

o ZEUS e p NC 98-99

- SM e*p NC (CTEQ6D)
.o — SMep NC (CTEQ6D)

unification at high Q2

20-25 Sep 2005
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Combined EVV pQCD fit

Propagator mass analysis (H1)

In fit G-M,,,,-PDFs, d’occ(e’P) > Mw
x10 " dxdQ’ ' Q+M%)
*Sensitivity to G : normalisation of 0125
. Y ‘ b o ‘ ‘ o
the CC cross section S i
3 H1 G-M,-PDF
-Sensitivity to M, : Q* dependence | & - M, PDF (G=G,)
G is consistent with G obtained
from the muon lifetime measurement 0-121~ 68% CL a
*Demonstrating the universality of
the CC interaction over a large range i . .
of Q2 values i
0.115 |- |
In fit M,,.,-PDFs, fixing G to G, + World Average
M =82.87+1.82(exp)’ ) (mod)GeV L

Prop 75 80 & 90
*‘Measurement of propagator mass in M, (GeV)
HERA space-like region is
complementary and consistent with

Tevatron/LEP time-like one 1

consistent result in space like region,
this no effort to improve time like measurements
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Combined EVV pQCD fit

Determination of quark couplings to Z° (H1)

At high Q2 and high x, NC cross sections are sensitive to the up- and
down-type quark couplings dominated by the light u and d quarks

Complementary measurement of heavy quark couplings measured very
precisely by LEP

‘ T T T T T T T T ‘ T T T T ‘ T T o] T T ‘ T T T T T T T T T T T T ‘ T T T T ‘ T T

For u, aq=+1/2 g - H1 vqa-vsoa PDF > - H1 v,-a,-v,-a,-PDF 7

3 1 1 1

a, =1
* % Ford, a;=-1/2

0.5 f 68% CL 7 0.5 7 68% CL \
V., = I3 — 26 Sinzﬂ I 1 i
q q q w s | i

or B or

4

xF} €~ -a K, -2x> e a, (q-q) s
ity f

T L COF * Standard Model | I * Standard Model 1

i : 1 - 7 -1~ — CDF ]
v, is small, ignore K2 term | T ‘EPEWWaprelman(Fen.o |~ LEP EWWG preliminary (Feb. 05)
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1

a a,

More sensitivity to the U couplings than to D c;ouplings due to PDFs
and to the a, couplings than to v, couplings for U due to xF,N¢

Comparable precision to that from the Tevatron

12
‘Remove LEP ambiguities
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Yongdonk Ri

Data from HERA Il with e polarisation
CC Total Cross-Section : H1 and ZEUS

Charged Current ep Scattering (HERA 1)
Q%>400GeV?, y<0.9 Em T
"o 90 ep >vX -
Right Handed CC cross section ¢ ® Hi (prel) :
is extrapolated by linear fit to % o H1 E

H1+ZEUS e*p data 702— A ZEUS (prel) —;
cof €p VX » ZEUS B
@ ; ® H1 (prel.) — SM (MRST)
50:_ o H1 + =
— 7 403_ A ZEUS (prel.) =
e’ p—)vX(P __IOOA)) - o ZEUS
n n 3";_ — SM (MRST) .
=0.2+1.8(stat.) £1.6(syst.) pb 2of- E
. - o 10; Q" > 400 GeV E
Consistent with the SM prediction | | | Ak | .
0_ ] ] | | ] ] ] | ] | | ] | ] | ]

of : O-CC (RH) = O -1 -0.5 0 0.5 . 1

20-25 Sep 2005 HSQCDO05@St.Petersburg 23

HSQCDO0S5 exp sum 8

J. Gayler



. -v—(N I \\\\H‘ I \\\\H‘ I T TTTT I \\\\H‘ I \\\\H‘ I T
N ‘ I n P Ut . ) x=0.000050. i =21 . Hlep
o x = 0.000080, i = 20

mN 1065*‘,,-} . x=0.00013,1=19 = ZEUS ¢*p =
S o , - X=000020,i=18 i
to pQCD pdf analyses = il e neows
1050 ’ /'-.l'-' s X=000050,i=16 il
- ".-,l"" . x = 0.00080, i = 15 © NMC ;
- u'..l"'"” . x=00013,i=14 ]
B ¥ on® ¥ " _
. 4 .t et e x=0.0020,i =13 ]
HERA provides data over 0" - 7 et i
- ~. T Lo waen  X=00050,i=11 ]
o T -_J.UII"“ ' -
4 orders of magnitude 107. et e SO0 }
E %/6/' —© = . g PWE x=0.013,i=9 E
° - o ogu " |
IN X and Qz S A ] [T Pev TR ReY x=0.020,i=8 i
1025 0 voe®e™ x=0032,i=7

o p -"}ii
o ool B R
o,@~9§§0§0

R S .
cross sections at largest x Lo | o6 seembsinn stssmomaiats sy 22000
94y Dot SR BLLl g e om WAL g o

’/%%80©§%AMA@@XMAAA By, ee0q?

- b §%@&AAQAAAAA 85 sB apead g
¢

a x=0.050,i=6

ing gl adehr % a%y

m|®

>

1
(=]
—_
»
—.

I
o~

Lol

O§§§M%A§éééééa E

1 i

e L 10 = E
here large uncertainties : o~ .
r SBokapRan L x 1.2
20 k=
10 - H1 PDF 2000 - g
C 1<
- - extrapolation f:o)
10 _3 L L1 \\H‘ I \H‘ L L1 \\H‘ L L L1 \\H‘ L I \H‘ L L1 E

1 10 10 10”7 10* :

2 o 2
Q" /GeV
HSQCDO5 exp sum 9 J. Gayler



New technique at high x, jet in beam pipe

NC e+p, ratio to NLO expectation
ZEUS

FQ

= 076

Q%= 785 GeV?

1 12 @*=915 GeV?
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O .
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(&) [ ] [
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o [ ZEUS NC (prel) 99-00€’p ] ‘ - ﬁ ]
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data close to expectation, but tend to be above at highest x
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—= to include in pdf fits
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HSQCD 2005 — September 19th, St Petersburg

Jets in deep inelastic scattering

 Factorise jet cross-section into a convolution of PDF’s in the proton, f,, with short distance
subprocess, dag,....

dgjet - a:%:ag./ dx fa(f, :u%) x d(’}a(xa Oés(/ﬁ%): M%%a M%) x (1 + 5had)

p
Born P QCDC

» Longitudinally invariant k7 algorithm (Catani et al).
ump At high F'r hadronisation effects are small 18 more reliable QCD predictions.

- Large scale variation possible in both ()% and 7.

M.Sutton — The Hadronic Final Sate and Parton Dynamics at HERA 4
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DIS high Q2 jet data are consistent with pQCD calculations

allowing extraction of O/
| Mark Sutton §

HSQCD 20

Extraction of the strong coupling constant

ZEUS a, from inclusive jet cross section

o R R m0.22
, I

0 ZEUS (prel.) 98-00 0 20

| Tt T

H1 preliminary 99-00

A ogE)

o o(M)

B Averaged oM,

--------

—— a,(E,) from averaged a(M,)

________

.. = World average (PDG)
N a(M,) = 0.1187+ 0.0020

027 EEE QCD -
% - (0,(M,,) = 0.118 = 0.003) 0.18-

0.15 - % ............ % [ B 0.14

I R 0.12
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Ets (GeV) 10
E, (GeV)
. H1 value as(Mz) = 0.1197 + 0.0016(exp)* 3:9%48(th)
. ZEUS value as(Mz) = 0.1196+ 0.0011(stat)+29912(exp) $:9%29(th.)

M.Sutton — The Hadronic Final Sate and Parton Dynamics at HERA 8
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increased sensitivity to gluons using inclusive ep and jets
in QCD analysis

di-jets in photoproduction

= ZEUS
> B I ‘ I b\ 0 75 I I I ‘ I I I I ‘ I I I I ‘ I I I I B
(<D] 6 [ XO S > N
10° - . ZEUS-JETS E
BG F _% - ! 1 tot. uné]ert. ]
g 10 . ZEUS dijetyp 9697 -
B Gl F . ‘% {% lmm Jet energy scale uncert. -
oson uon rusion B 4| i
10° - b
~ g 3
< = - 7
o) C AN ’
Uﬂ = 10° K S~ JI —
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AN 5% o 7
: . . : : 107 - = ~. l<n* <24
jets sensitive to gluon distribution in LO N . (20000 -
10 = % \1\ _
. . . 1<*'<2.4 E
in BGF full correlation with (v, ?Erf;f;zfl
different in QCD-Compton graphs E
O<rietl2eq N
: : (x 0.01) E
CDC 104 % 50008
2 e s
Uesss U:E 10° L \2\0\ L1 \30\ L \4\0\ L1 \5\0\ L \6\0\ L1 \7\0\ !
EXY (GeV)
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Impact of jet data on

gluon determination
in ZEUS-JETS fit

fractional error of g(x) s \

S S
=
T E

= .
T T T T T

gluon fractional error
> S
[\®]
T ‘ T

S
=
T T

: B without jet data ]
- [ 1 with jet data —
neEn ‘ Il [ \\\H‘ Il L1 \\H‘ Il [ H\‘ Il i

—= Q*=20GeV? -

NC , CC only o
N Q%= 200 GeV? Q> = 2000 GeV?

jets included - §L'\f /

o \

jet data constrain g(x) 04 -
at medium and high x B e

(0.01 to 0.4) o
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th. uncert.
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exp. uncert.
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HERA results

Inclusive jet cross sections in NC DIS

ZEUS prel. (contributed paper to EPS05)

Inclusive jet cross sections in NC DIS
H1 prel. (contributed paper to EPS05)

Multi-jets in NC DIS
H1 prel. (contributed paper to EPS05)

Multi-jets in NC DIS
ZEUS (DESY 05-019 - hep-ex/0502007)

Jet shapes in NC DIS
ZEUS (Nucl Phys B 700 (2004) 3)

Inclusive jet cross sections in yp
ZEUS (Phys Lett B 560 (2003) 7)

Subjet multiplicity in CC DIS
ZEUS (Eur Phys Jour C 31 (2003) 149)

Subjet multiplicity in NC DIS
ZEUS (Phys Lett B 558 (2003) 41)

NLO QCD fit
H1 (Eur Phys J C 21 (2001) 33)

NLO QCD fit
ZEUS (DESY 05-050 - hep-ex/0503274)

NLO QCD fit
ZEUS (Phys Rev D 67 (2003) 012007)

Inclusive jet cross sections in NC DIS
H1 (Eur Phys J C 19 (2001) 289)

Inclusive jet cross sections in NC DIS
ZEUS (Phys Lett B 547 (2002) 164)

Dijet cross sections in NC DIS
ZEUS (Phys Lett B 507 (2001) 70)

World average

/ (S. Bethke, hep-ex/0407021)

0.1

HSQCDO0S5 exp sum

0.12

0.14

o (M)
I5

~l——
~el——

s

DIS inclusive jets

results of
inclusive DIS pdf fits

(with o, (My) as free parameter)

consistent with

final state analyses

and world average

e exp. precision calls
for NNLO analysis

calculations exist for

inclusive DIS

(Moch, Vermaseren, Vogt)

J. Gayler



- In dijet production, at very low ()°, we have ()* < E% mp large
logarithms of In £/ ()?, ump formally resum into “resolved” photon

structure.
mp Photon can interact directly or via a parton with some momentum

fraction x, < 1.

HSQCD 2005 — September 19th, St Petersburg

ZEUS
ya

“%104W e zEugsge-w (38.6; pb:b)s ) obs
i 4 X075 ¥ X078 x2’% < 0.75 resolved enhanced
- Jet energy scale uncertainty - Y .
S @ not described
2 102-'2 :
o ; o ™2~ 75 65GeV.
10 | = ,
g e 3< ), <0
- C
o

e NLO DIS calculation "® no resolved photon.

10 r— NLO QCD (i’ = Q*+E> : :
) e Ratio of direct enhanced to resolved enhanced

x°°%50.75
Y

- x°%.0.75

s

(DATA-NLO) / NLO
o

too low at lower Q.

e Expect larger resolved fraction when including
resolved virtual photon.

e Need additional NLO calculations at lower ()°.
.1 [/ Theoretical uncertainty
e e difficulties at low Q2
Q? (GeV?)
M.Sutton — The Hadronic Final Sate and Parton Dynamics at HERA 14
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QCD Dynamics at low x  L2danbosur

~3 A In(Q2)™ In(1/x)"

Perturbative expansion of parton evolution
equations

# DGLAP: ) (o In Q?)"

X, >X2> >Xn_1 >xn=xBj

# BFKL: ) (o In(1/x))"

* CCFM: In(Q?) and In (1/x)

Bn >> 9n-1 >> .. >> 92 >> 91

2 2 2 2 ~ Q2
kT,1 << kT,2 << kT,n-1 << kT,n =Q

X, 2> X, 2> ... 2> X 42> X, = Xg;

B Cannot be explicitly calculated to all orders

In Q2

Non-perturbative region

> DGLAP successful at high scale (Q?) but expected to fail at low scales and low x

» BFKL should be applicable at very low-x

> CCFM expected to be valid in whole x, Q? range

Goal: identify the phase space regions where these different parton evolution models are

applicable by studying forward jets at HERA

HSQCDO05 exp sum

|7

J. Gayler



Didar Dobur

Forward Jet Measurement with H1 data

H1 forward jet data H1 forward jet data H1 forward jet data
= —4 H1 = H1 = H1
£ 1000 E =cale uncert £ 1000 E. scale uncert £ 1000 E. scale uncert,
o = ——CASCADE set-1 = O RG-DIR
X — NLO DISENT 1480 | 3¢ ---=CASCADE set-2 x ----RG-DIR+RES
-— I:l'5|"'r.r'=:|'lr.I"-'Eur.r _— — . —COM
k2 POF uncert. I [
T T T
=== LO DISENT
soo |- % 148,40 500 s00 |- P
c)
0 0
0.001 0.002 0003 0.004 0.001 0.002 0.003 0.004 0.001 0002 0003 0.004
Ko . Xo.
— = E =]
Mrz =Bt je‘rz : : :
2 - 2 . .
«=Erw®  CDM and RG-DIR+RES are very similar and reasonable
CTEQ6M

»Improved description with NLO
O (0.2) calculations but still fail at

low-xg; region (as ZEUS)

HSQCDO0S5 exp sum

» CCFM does not describe the shape of x dependence
> DGLAP is similar to NLO

> DGLAP with res-y improves significantly the
description, low-xg; > possible BFKL signal

» CDM (non-ordered E+ emotions) gives a reasonable
description for higher x

|18 ). Gayler



do/dAn, (nb)

do/dAn, (nb)

not shown yet here

0.02

All An,

0.04

| & H1 a)
E scale uncert

- —— CASCADE set-1

— === CASCADE set-2

All An,

| e H1 a)
0.06 |-

E scale uncert.
RG-DIR

- -- RG-DIR+RES
[  — CDM

HSQCDO0S5 exp sum

do / dAn, (nb)

An,<1

0.01

two central jets (PT > 6 GeV)
in addition to forward jet
to enhance unordered emission

now besides CASCADE
also RG-DIR+RES fails

CDM with unordered emissions
quite good description

An,>1
b g | c)
~, 003 %
3 I I
o i
\ TEREENNEERRERRERRN]
S o002} 1
0.01 |
O e e
0 |
0
An, An,
An,>1
b)| £ I
~, 0.03 }
=
< L
T :
\ -
0
u .

19

most BFKL like?
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(do/dp.) [pb/(GeVic)]
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L

-y
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Fa

-y
o

i

-y
o

Ii' ] ]
j_-.:-\‘ D@ Run Il preliminary
=t
VAN D@ data , Cone P=0.7
B .
Elw, Iyl < 0.5
- I}'-.“.'W* = 15<]|y| <20
. s 20<|y| <24
E x"-!_ NLO (JETRAD) CTEQSM
I W R..p=1.3, Hp=Hg = 0.5 p7™
= "'. ‘m \“1
Voo e
.'. -\- '\.\.\
= .
i . ., —
\ - Js=1.96TeV
L "--i \\ *_ L,=143pb’
1 S
! MH"
n 1 I 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1
100 200 300 400 500 600
p; [GeVic]

data / theory

Gennady Obrant

DD [1clusive DO Single Jet Cross
Section vs. y

6

- D@ Run Il preliminary
5:_ 2.0 24

N —Slys:elﬂa‘:ics. Cone R=0.7

- uncertainties »
4: [[] PDF uncertainties Lim =143 pb
3: —

- NLO(JETRAD) CTEQEM
21~ Ruo,=1.3, pr =pip = 0.5 pI™

I - oo by by o bl

— First corrected Run II cross section for forward jets

Important PDF information in cross section vs. rapidity
Jet Energy Scale uncertainties dominate — need to beat these down!

OIIIIIIIIII S 1111
80 90 100 110 120 130 140 150 160 170 180

pr [GeVic]

Beautiful agreement with pQCD
but huge systematics due to calorimetric energy uncertainty
How to improve!

HSQCDO0S5 exp sum
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Gennady Obrant

P * A between jets — Comparison with
pQCD

&
£ 10
i DO s D@
bt [ ® P > 180 GeV (x8000} i 2 E N
Ty 10 F 0 180« pT™ <180 GeV (x40D) ; ) —
b‘E B {00 = PrTnE':{13U GieV |:KEU_:| :Jal: EI B e =, {80 eV
T 4p3L 0 FS«pr <100 GeV ~ il i
= o
:-% C o K, K, dependance
L s o 2 r —— POF uncertainty
~ 10° -

+ n It -

oG PDF 2 F
uncertainties\ -

100 < p™* < 130 GeV
PR I T S TR NN S S

10 E |
S G e LD NLOJET++ (CTEGHE. 1M .
ar L N
10 / NLOJET++ (CTEQE.1M) E 4 55 8
- =L = 0.5 pm 1 e e e (- et P
10‘3 1 1 1 1 1 1 | 1 L 1 | L L L : | ?5«:|me:‘«:1[1]5|13\"
T2 amid T — B —
/2 amid 8

A ey (rad) A it (rad)

A® as function of Jet, P (Jet, P > 40 GeV/c)
Compared to LO and NLO pQCD in 3 jet
*NLO better than LO
*Both fail at soft jet limit

NLO pQCD describes angular correlation well at high pt
no call for higher orders

HSQCDO5 exp sum 21 J. Gayler



Inclusive Diffraction Vitaliy Dodonov

Diffraction kinematics

Kinematic variables definition

Colorless exchange, vacuum quantum numbers

e proton survives the collision intact or

= o " dissociates to low mass state
o g * large region 1n pseudorapidity 1s left empty
I e small momentum transfer t
l - Q° = —¢° photon virtuality
L P : colourless exchange _ Q? Biork li iabl
| o T = i | jorken scaling variable
\ Mgpy (PApIAILY gep) W?=(p+q)* ~*p CM energy squared
/\:\ t = (p — py)® 4-momentum transfer squared
P Y P’ Tp = % fraction of p momentum transferred
to IP (xp ~1— Ey/E))
B Q2 : :
A = oY) fraction of IP momentum carried
by struck quark (zp3 = x)
M x Inv. mass of system X

~10% of DIS events at HERA are diffractive

HSQCDO0S5 exp sum 22 J. Gayler



QCD Fit to F,b3)

Apply same NLO QCD DGLAP technique to Q? and B dependencies
as for inclusive DIS

= quark density directly from F,P

" gluon density from scaling violation

Assume Regge factorization: PDF = Pomeron-flux x Pomeron-parton-density

+F2D(4)(xlp,t,Q2,,B): fIP/p(xmat)lep(anB)

r pdfs from inclusive diffractive
| o« ° work also for jets in and diffractive charm in DIS
Hard Scattering

Factorization

FZD(4)(le9t9Q29ﬁ): f]P/p(leﬂt)leP(Qzaﬁ)

this supports factorisation, but
Tevatron pp diffractive is
overestimated

Regge

Factorization  x;
I fipip(Xip» 1)

photoproduction may be closer to pp ?

HSQCDO0S5 exp sum 23 J. Gayler



Vitaliy Dodonov

Jets in photoproduction

H1 Diffractive yp Dijets

Direct and resolved ¥ interaction: o B G H1 2002 fit (prel.) dijet gluon
i i i ) correl. uncert. == FR NLO*(1+5, _,)
"y involved point-like into yp: X, ~ / a o FRNLO
. . g :95 8200
") fluctuate into hadronic system: X, < 1 g & %
. Tg—ﬁon
& B s
= = — |
x?” o Z Jjets (E p z )/ (2y Ee ) 200 - _
Momentum fraction of » b

%_1 0.2 03 04 05 06 07 08 ﬂ_g,e %-1 02 03 04 05 06 07 08 08

1 1
y carried by y-parton 7 e s

T
Ratio data/NLO for dijets in photoproduction
q [ T T T T ] :- [ | ] I I I |
gUp e &N A ] e zmuserse
y — QZ/SX E ; “h resolved cnoric H:-["\:.i:- g Fat E I ﬂ_ direct enriched h_lr-'-“-‘ s, ) EI'I-ETE}'SI‘H'E e
inelasticity :or e e I B o { — NLO®Ha.
5 USp e 1 5 05} Smmmg—— 4 ------- NLO/(NLO @ had.)
= | 1 2 ° : R=1, H1 2002 it (prel.)
1 1 1 1 | | | 1
0.2 033 046 059 .72 085 0.2 033 046 059 072 0385
Y y

NLO overestimates dijet in photoproduction data
by factor 2 for both direct and resolved photon

Factorization fails
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Vector Mesons at HERA

J/¥ - testing gluon densities!

e Even more prominentin W 2 |
dependence i

10

2—
e Normalise predictions at ?%1“_
W = 90 GeV, compare shapes ¥ i}
e Access to gluon densities in o
regions poorly constrained §
by inclusive DIS data °
(Very |OW X) ! — Fit + exp. uncertaint
e Uncertainties on Gluon distri- & [ - mwraon H1

== FMS (CTEQAL, A=4)
MRT (ZEUS-S) b) ]

butions not taken ito account = w0
Theoretical alternative: Dipole LT '

-

L -

-

-'-
...........
----------
..........

---------

model by Frankfurt, McDermott ‘[t =
and Strikman (FMS) T L |
(JHEP 0103 (2001) 045) ol— .510. — .160. P .1150. — .2(-)0. — .2;0. — .3(')0
H1: To be published in Eur.Phys.]J. C W, [GeV]

ZEUS: Nucl. Phys. B 695 (2004) 3 (DIS)

Niklaus Berger Vector Mesons and DVCS HSQCD 2005
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Niklaus Berger

new data discussed :.j/¢) YD ,DIS hight, ¢ DIS, ,0 7P high t
Vector Mesons: Summary

e Assoon as ahardscaleis = | A
involved, measurements .
disagree with soft pomeron * || : ]
EIQ -Wo.zz
— 104 | E

e J]/¥ Measurements and the- _
ory together come close to 05
constraining gluon densities :

: o2

: '5/,/0,70
102 =
F I RTTCE

e Light vector mesons at high ;
t or in electroproduction can |

ul

shed light on soft-hard tran- i Preliminary R
sition and test QCD models ., [l T(15)]
E A fixed torget ﬁ —
10_1 Ll L il L |
1 10 10
W,, [GeVI
Niklaus Berger Vector Mesons and DVCS HSQCD 2005

rich field for QCD models
Comparisons of DGLAP and BFKL calculations
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The HERMES Experiment @ DESY

Michael Tytgat

/7 FIELD CLAMPS j TRIGGER HODOSCOPE H1 H E RA P O I e b e a m

™ we— on pol and unpol gas targets
= /\\‘ J— . p pol gas targ
& NE

+-- -s ----------------------------------------------------- —————
== = MonIToR
TARGET "~-_ W~ e+
CELL /
DvC - A
f 7 Longltudmal
HODOSCOPE HO eter
BC 1/2 -
STEEL PLATE R BC 3/4 TRD CAI:OBIMETER \140‘mrad \ .:.5.:.?.,; : =
RI\C\H\ Tl IROI\; WALL™ 75— Spin Rotator Spin Rotator
~~-L_ 270 mrad 170 mrad- — .
WIDE ANGLE

MUON HODOSCOPE MUON HODOSCOPES

27.6 GeV HERA é-beam

Internal, pure gas target : H_)e, Fi, 5, HT;
unpol : H,, Do, He, N, Ne, Kr, Xe

Resolution : Ap/p = 1.4 — 2.5 %, A6 < 0.6 mrad

Lepton/hadron separation : TRD, Preshower, Calorimeter, Cherenkov (1995-97)

Hadron ID : Cherenkov (1995-97) - RICH (1998- ...)

Target polarization : longitudinal (1996-2000) ( P;) ~ 85 %
& transverse (2002-2005) (P;) ~ 75 % ; flipping every 90s

HERA beam polarization (P,) = 53 % longitudinal

Transverse
Polarimeter

Michael Tytgat, HSQCD 2005, St. Petersburg, Russia, September 20-24, 2005 2
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Michael Tytgat

measure quark helicity in polarised nucleon

Distribution Functions

In leading twist, integrating over quark transverse momenta, 3 DFs :

f1 = @ : unpolarized quarks in unpolarized nucleons

= Unpolarized DF ¢(x) : spin averaged, very well known

g = @—» - @—» : longitudinally polarized quarks in longitudinal nucleons

— Helicity DF Aq(x) = ¢~ (z) — ¢* (z) : helicity difference, well known (HERMES-I)

Lo

: transversely polarized quarks in transverse nucleons
h1 = -

= Tranversity g = ¢'T — ¢V : helicity flip, unkwnown (HERMES-II)

Michael Tytgat, HSQCD 2005, St. Petersburg, Russia, September 20-24, 2005 4
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Michael Tytgat

in Transversity studies, consider (but | tried to simplify)

quark pt in nucleon and fragmentation

measure :
single-spin azimuthal asymmetriesine + p — e + h + X on a polarized target

Collins effect : A ~ hi(x) Hf(Z) @ @
\ , hi= —

effect of quarks polarisation on pt in fragmentation
(3-8

Sivers effect: A ~ fi-.(x) Di(2)
Sivers function f1T

effect of quarks pt in polarised nucleon on fragmentation.
Dl—

Asymmetry implies effect of quark angular momentum

HSQCDO5 exp sum 29 J. Gayler



Michael Tytgat

Extracted Sivers Moments

55 T i _ of o .
T " e tor sscaptance amd oo Y striking difference of
? 0.1 [ - - _|_
B s b 3 3 —
(\\l/ 0.08 . * E l + 7"' 7‘(‘
0.06 - il -
C | C | C l o
004 ;++ : + -, | E ! should have a clear explanation
0.02;— — — +
0o SRRRREIEEEEEEREE oo
5 ooyt non - e Sivers moment  significantly  positive  for
—_ C - 6.6% scale uncertainty | . . . .
z"’°-°65— 3 3 71; requires a non-vanishing quark orbital
£ %% | 3 3 angular momentum
~ 0.02 [ - - : : - —
~ _T_}_} T}—+$+ _____ ?‘T+ e Sivers moment consistent with zero for =
002 ‘ : 1 : e Extraction of Sivers function in principle
0.04 | - - possible (known unpolarized fragmentation
-0.06 _'—g',_' | | _. R _'u—u_'u_ﬁ funCtiOn)
" 01 02 0302 03 04 05 06 02 04 06 08 1
X z P, [GeV]
§ okt 3 R A0 N— is it a consequence of different
T A : : ..
£ oo, : R polarisation u and d valence !
E o.osf— - : . -4 A - — a"a A,
E . ‘ E | | I...E...I...I...I...I...I.
0= I011I - I0!2I - IO!SIO{ZI | I0|3I | I04I | I05I | I0.6 0.2 04 06 08 1
X z P, [GeV]
Michael Tytgat, HSQCD 2005, St. Petersburg, Russia, September 20-24, 2005 10
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_ _ Michael Tytgat
Deeply Virtual Compton Scattering

BH > DVCS for HERMES kinematics

do(eN — eNw) o< |Tsul* + |Toves)® + TeuThyves + ThgToves

IZ" |nterference term givesjrise to azimuthal asymmetries

present Hl and ZEUS data (no interference yet)

_ N7 (¢) — N~ (9)
N+ (o) + N—(¢)

A(9)

Michael Tytgat, HSQCD 2005, St. Petersburg, Russia, September 20-24, 2005 15
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Accessing Generalized Parton Distributions Michael Tytgat

Final state quantum numbers select different GPDs :

e Deeply Virtual Compton Scattering : H, E, H, E H ERM ES meaS.U res a”
= Beam charge asymmetry (e” «— e7): H asymmetrles
=- Beam-spin Azimuthal Asymmetry : H
= Longitudinal Target Spin Asymmetry : H for » and d targets

= Transverse Target Spin Asymmetry : E, J,

for example Longitudinal Target Spin Asymmetry
Ay : da(I_?), ) — da(}_?, @) x A;’}I}qu sin ¢ + A;’}I}J% sin 2¢

= 04 T T T T T T T ' T = 04 T T T T T T T ! T ! 1
5 o HE_B_l)V[ES PRELIMINARY = = HERMES PRELIMINARY th eo retl Cal Iy
< | ¢' p/d — €'y X (M <1.7 GeV) « ¢' p/d — €'y X (M _<1.7 GeV) |
02 | (in HERMES acceptance) | (in HERMES acceptance) n Ot )'et
] H proton 0.2 |- ® proton |
| e deuteron | | e deuteron * ] un d e r’stood
0 -
proton (WW tw-3, b,=1): proton (b,=1, bg=1):
=== fac., bg=1 ] - == Regge, WWitw-3
— fac.,, bg=» # + ------- Regge, no tw-3
------- Regge, b= N -0.2 - === fac., WWitw-3
- Regge, b=1 — fac., no tw-3
0.4 ] -0.4 :
# e lexpect
i ‘ ‘ ‘ SN pli————————— ]
064 02 04 06 08 06 5 02 04 06 08 better selection of
-t [GeVT] -t [GeVT] . .
AS? o Im(FyH); A" 2% Jarger than theory expectation eIaStICPVCS with
compatible with theory model — twist-3 GPD ? HERMES recoil detector

(end of 2005)
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Niklaus Berger

22
DVCS: Comparison with QCD Predictions
. - : H1,ZEUS
é 10 ";A | A
T Q’A\\
Comparison to NLO QCD: s e N
e Band width reduced by t L R b
slope measurement N
e Good description of the data _ = - —
é " A C / CO.? T L
e Sensitive to GPD parametri- [ ° ¢ Lk %
ions? e
sations: ) ; A §é§é +
2 % e
0 20 40 60 80 100 12\;)\/ [Ge1\;1]o
Niklaus Berger Vector Mesons and DVCS HSQCD 2005

beam and charge and pol asymmetries now accessible at HERA

will measure amplitudes by interference with BH at high energies
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Niklaus Berger

23

DVCS: Comparison with Colour Dipoles

In proton rest frame:

4

v i —

’. _{ v o i : \- AI‘.I| I" VL j"'\‘ s
'AVAVAV] “~—<‘4\>_ _‘.‘l I{,U' A r |
,—_ "' |‘ :_} i
1-z B |
A | '
\
I |
[
1 ¥ b
| ! )
II
|
— .|", "" ‘;‘ -
= \ ) =

Y
S a¥aW,

Photon fluctuates to gg

G (yp —p) [nb]

—

0

Donnachie-Dosch: Hard and

G. Shaw showed other c

10

20 30 40 5 60

70 80 9 100

. . . @ [GeV]
ipole model, describing data well

HSQCDO0S5 exp sum
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® — 12
Q o Q* = 8 GeV?
SOft P (Phys.Lett. B502 (2001) 74) 3 1Gev
e Favart-Machado: saturation [ °| = o | ﬂ
model (Eur.Phys.J. C29 (2003) 365) © ° 1 S | 1]
» . 4 [ X ; o
e Good description of shape 3 f
and normalisation .
0 20 40 60 80 100 120 140
W [GeV]
Niklaus Berger Vector Mesons and DVCS HSQCD 2005
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H.-W. Siebert

A measurement of A and =~ polarization in inclusive production

by ¥~ of 340 GeV/c in C and Cu targets

polarisation normal to production plane (parity conservation)

polarisation observed in many eperiments

hyperon polarizations in inclusive production by protons:
A: negative, reaches ~-40% at large zy and p;.

>* : positive

—— =0

=, = : negative
(): zero

A polarization in production by

neutrons: /& same as by protons

m: small, negative

K twice as large as by protons, positive

— an interesting and complex set of data !!

HSQCDO0S5 exp sum 35 J. Gayler



H.-W. Siebert

no pQCD predictions exist

Qualitative explanation in Lund model
B. Andersson et al., Physics Reports 97 (1983) 31

> o O ® O
beam —
S S

diquark

if s s pair hasspin 1,

local conservation of angular momentum will
cause s polarization ? ¢ prod. normal

Signs explained, no predictions of magnitude or dependence on z ¢ or p;.

another approach: the recombination model
T.A. DeGrand and H.I. Miettinen, Phys. Rev. D23 (1981) 1227, D24 (1981) 2419

recombination of a maximum number of valence q from the beam particle with a minimum number
of sea q/q

the force between the beam fragment and the q or diquark created from the sea will not be parallel
to the velocities = Thomas precession
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H.-W. Siebert
Experiment WA89 at CERN ran from 1990 to 1994 in the CERN West Hall. _

>.~ beam, mean momentum 340 GeV/c

=~ polarizations

20 20 20

20 —

IFEREE IPNELETRE IPNELEGRE FEGEERE
10 >‘<>’< 10 *** 10 10 *
‘ *Q@F *********** I S = O I = T s I S E

oL E. E O IO S

20 | J 20 b J 20 f § 20 £ :

30 | 3 o 3 -0 5 -0 b :

TS PRV PRI RV, ) SN U . ) ARSI RIS [ g S S

0 0.5 1 0 0.5 1 0 0.5 1 o) 0.5 1

TP desd ] T E pdtes ] T a3

N Sy ‘ A pol positive !

S B AT S

~30 | 4 -0 £ 1 -3 F .

7407\\\\\\\\\77407\\\\\\\\\77407\\\\\\\\\7
O 0.5 1 0 0.5 1 0 0.5 1

=~ polarizations as a function of x for fixed bins in p;, in units of %.
negative sign is no surprise but: positive sign at high zp, low p; 77
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H.-W. Siebert

Conclusion:

=~ polarization agrees with qualitative expectations

the positive sign of the A polarization and the breakdown above ~1.2 GeV /c
were unexpected at the time of the experiment,
now an explanation is offered in an extension of the recombination model

No comprehensive explanation of all polarization data exists,
not even a coherent phenomenological description !!

sl Fo0d for theorists ...

LHC: polarization studies may (will) need an estimate of polarizations in
hadronic interaction backgrounds
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Beauty and

Charm production is expected to be described by pQCD:

et (k) e’ (k)

o photon” s

with “resolved photon™  ;

i
proton (P) & (ng)

heavy quarks provide a hard scale

NNLO and partially NNLO calculations available

HSQCDO05 exp sum 39 J. Gayler



Beauty and Charm Physics at HERA

HSQCD 2005, St Petersburg, 20-24 September 2005

F$ & F2° from Impact Parameters

lé’;(\]

10 2-
fraction of
Finclusive

2 10 -

£° ~ 20% to 30%
£%° ~ 0.3% to 3%

" x=0.0005

e H1 Data 5
v H1 Data (High Q%)
o H1 D*

x=0.0002
1=5

1=4

10
- a ZEUS D*
- — MRSTO4
I MRST NNLO
S CTEQ6HQ
10 L | ‘ ‘
1 10 10> 1032 2
Q" /GeV

10 -

10

10

10

METREE
x=0.0002

1=5

x=0.0005
i=4

x=0.005
i=2
x=0.013
i=1
e HI1 Data
v HI Data (High Q%) x=0.032
— MRSTO04 i=0
----- MRST NNLO
.......... CTEQ6HQ
Il ‘ L1l ‘ 2 Il Il Il Il Il 1| ‘ 3
10 10 10°, )
Q° /GeV

e QCD calculations fit the data reasonably well; NNLO calculations now available.

e Scaling violations apparent at low Xx.

Mark Bell (Oxford

HSQCDO0S5 exp sum

University)
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Beauty and Charm Physics at HERA HSQCD 2005, St Petersburg, 20-24 Septermoer zuud

Summary of Beauty Results

o 1
8 B Hi YP: O,(ijuX) ptel®lmpact Parameter
3 gl e HM DIS: o, (ejuX) p:el®lmpact Parameter
Sz VvV Hi FP (high Q°)  Impact Parameter
© A Hi FE° (low Q%)  Impact Parameter
N 7 - .
e Good coverage of 2 g5 HiPrel. yp: dijets Impact Parameter
measurements. @ * H1 D*u Crglrrelations
. 6 A ZEUS yp: b—eX  p,
e Tendency of data to lie O zeusl v o, (ijuX) P,
. . . rel
above NLO prediction. 5/ + O ZEUS DIS: 0,(€juX) Py
. ¥<  ZEUS |Prel. D*u Correlations
e Measurements with 4l | & {  ZEUS|Prel. uu Correlations
smaller errors closer to T )1 ¢ adceptance
theory. Tyl T
Y Iy | | for > 1|b-track ~90%
e Improved theoretical ) pL 9 } /
understanding needed to T *% T % $ $ $ /
include higher orders. ’ " i; t
T QCD NLO (massive)
i | |
1P (Q°~0) 10 00
Q° [GeV ]
Mark Bell (Oxford University) 13
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Charm fragmentation function in

Leonid Gladilin

ep and eTe™ collisions

ZEUS
- S
-‘é 35 [  ZEUS (prel.) 1996-2000: Ej¢* > 9 GeV, z = (E + p,),,./2E"" E 3.5 — Al ek e ity
i | O OPAL s =91.2 GeV, z = 2E, Vs - - O OPAL
§ 3 b O ARGUS Vs = 10.6 GeV, z = p,,./(Epam - mp )" 2’* 3:_ A CLEO
= So=F ¢
E 25 |- % :2.5 -
R %
L h B
5 s % F % © 2 — @) A %
% : $ X
1.5 1 . 1 '§7: 0 —
i no signature of =BT — =7 i
T
: | % ; : ob é‘ Q
0.5 |- } @ 0.5F ‘K' A
: ; 0 $ A
0 * ‘ ‘ ‘ | | ‘ | | ‘ ‘ ‘ ‘ ‘ ‘ | | @ 0 B 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 m I
0 0.2 0.4 0.6 0.8 1 0.2 04 06 0.8 1
y/
T T ‘

no gluon-splitting component in low-energy datal

different z definitions

qualitative agreement

“Spectroscopy and charm fragmentation in ep”

HSQCDO0S5 exp sum
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HIl and ZEUS :

many fragmentation results

uld, VI(P+S), Vs

consistent with ete-

(“universality”)

J-Gayler



Leonid Gladilin

Study of excited D mesons at HERA

N

", 2800 : :

% * Orbitally excited:

£ 1) DY, D:* — D**n— (4 c.c.)

= 2400 2) D;E — D*t KO (—|— C.C.) — disc!
2200 - Search for radially excited:
2000 3) Dt — D*trtr— (—I— C.C.)
1800 -
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Leonid Gladilin

Fragmentation fractions for excited D mesons

Using world average for f(c — D*") :

fle — DY) [%]

fle = D7) [%]

fle = D3 [%]

ZEUS (prel.) | 1.46 +0.187032 £0.06

2.00 £0.58F 548 £0.41

1.24+0.18 008 £0.14

CLEO 1.8+£0.3 1.9£0.3

OPAL 2.1 0.8 5.21+2.6 1.6£0.4+£0.3
ALEPH 1.6 0.5 4.7x1.0 0.94 £0.22 £ 0.07
DELPHI 1.94£0.4 4.7+1.3

1) the same amounts of excited D mesons in e"e” and ep data

2) situation with f(c — D3") is not clear

3) f(c — D7) is twice as large as the expectation :
ve X fle — DY) 2 0.3 x 2% = 0.6%
Why f(c — D}) is so large ?

Is it connected wih its strange helicity 7

HSQCDO05 exp sum
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Physics topics

Di-lepton trigger

* JAp: A-dependence,
| show Pt distribution,

':l> Xf distribution
2 examples

* W(2S)/ JAp production
ratio

* ./ JAp production ratio
e FCNC DO > uu Br limit

® bb cross section

e Y production

Eli] 920 GeV p, fixed target
@ ;" stopped data taking, analysis ongoing

V. Egorytchev

MB data

J/Ap production cross

V. Egorytchev
presented all
blue topics

section

Strangeness and hyperon
production

Pentaquark search
A polarization

Deuteron/anti-deuteron
production

Open charm production < ——=

Disclaimer: all results presented in this talk are preliminary !!!

HSQCDO0S5 exp sum
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J/y differential distribution: X

w E T T 1 1 T L A | DR N I 1 T T 1 =
X E v -+ =
E g L preliminary ]
-u 1 = —
‘B =
= L E672/7006 2
i b (Be) z

1077 uera-B) E

E o - E
102 — i _ =
- first data centred . ll‘d.'"ﬂ_’*l' ]
I at negative x; (Be,Cu) 1
a %
107 E
3 fitlting curves: :
10% ;_ o /e, o [(1—x 1 —2,)1" /(x, +x,) _;
5 with 'r'-E:._IHI; 4, /S IF:I §
1{]—5 I l l I | 1 | l | l l l I | k l | l I l | ] i
0.4 0.2 0 0.2 0.4 0.8 1
Large acceptance for negative Xg region
Acceptable agreement in the overlap ranges with existing
experimental data
HSQCDO05 exp sum 46

e+ e- sample, C wire

V. Egorytchev

different targets

consistent picture

looks
forward/backward

symmetric

see also talk of
Mikhail Ryzhinsky

J. Gayler



V. Egorytchev

Open beauty productzon

* Previous measurements (E789,
E771) do not agree with each other

g(bhb) (nh/nucleon)

* The present value is within 1.5 ¢ of
the E789 experiment (after rescaling
to the same \/s)

e 1.8 o below the rescaled E771
measurement

* theoretical uncertainty:

e renormalization and factorization scales

* p-quark mass

.
'D

10

® HERA-D (2005)
O E789 [8]
o E771 [9]

M. kidonakis et al. ( 2004)

HERA-B
preliminary
R. Bonciani et al. (2002)
L L1 S00 600 FLLL B0 SO0

Proton energy EGE"Ir]

c (b 1_9) = 14.6 +- 2.3 (stat) +- 2.4 (sys) nb/nucleon

Cross section obtained by using the value of o (J/i) =493 + 20 + 43 nb/nucleon

large theoretical
uncertainties

HERA-B resonably
,_ consistent with
E789 and E/7 |
and theory

HERA-B has still provide much information on heavy quark physics with nuclei

HSQCDO0S5 exp sum
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Searches for new physics at HERA

David South
" A

Outline

m Introduction to HERA

m Rare SM Processes
Isolated Leptons and Missing Transverse Momentum} Si gn als above expe ctation
Multi Lepton Events
General Search for New Phenomena

m Searches for BSM Physics
Leptoquark Production and Lepton Flavour Violation many limits
SUSY and R-parity Violating Squark production see his talk
Bosonic Stop Decays in R-parity Violating SUSY
Search for Gaugino Production
Light Gravitinos in Events with Photons and Missing Transverse Momentum

m  Summary of Results

David South (DESY) Searches for New Physics at HERA 2
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Isolated Leptons and Missing P

l+PMss gyents at HERA 1994-2005 ('p, 211 pb’)

O r
fd
C 102 @ H1 Data (prelim.) Np,,=34
©UF == ausm Neo = 25.7+ 4.0
Lﬁ - [ Signal

1059 —¢

1 ¥'h”
10" Loro | | | |

0 10 20 30 40 50 60 70 80

PX (GeV) e andp channels

HI| Prel

i

Neutrino, P miss

TVI

+

-
Y

X |
" Isol. Lepton, P!
main SM

contribution

1Y
-
X

H1 HERA II isolated lepton event at large P*

electron muon

combined

| 1994-2005 e*p

Full Sample

25/20.38 £ 2.92 (68%) | 9/5.35 + 1.10 (82%)

34 /2573 +£4.02 (71%)

‘ 211 pb_1 PX >25GeV | 11/322+£0.59(77%) | 6/3204+0.54 (81%) | 17/6.42 £ 1.13 (79%)
Isolated e candidates 12 <P X <25 GeV P.X>25 GeV

ZEUS (prel.) HERA 199-00 (66 pb-') | 1/1.04+0.11(57%) | 1/0.92+0.09 (79%)

ZEUS (prel.) HERA 11 03-04 (40 pb!) | 0/0.46+0.10 (64%) | 0/0.58 +0.09 (76%)

HSQCDO0S5 exp sum

Excess not confirmed by ZEUS,

49

need more data
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e v q David South

q

v/Z°
p X P X 4

Muliti Lepton Events at H1

n2

i F -
€,z HlData209pb' ee £ C H1Data209pb’ eee (P =2.7 GoV)
ﬂJ E m . e )
i @ (Pr=64GeV) 3 K
— ol :::]’, e (\
g ' ==
’ | o
u1
© (P;=62GeV)
‘JK
. . v
| iy Event display of high mass euu
M,. (GeV) M., (GeV) event observed in HERA II data

m At low mass combinations, good agreement with the SM
m Interesting events seen a large mass combinations (M > 100 GeV)

m 3eeevents (SM: 0.44 + 0.10) and 3 eee events (SM: 0.29 £ 0.06)
observed in HERA I data

m 2 cuu events observed in HERA II data at high mass

again, more data needed
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Pentaquarks

N Me b
o
-~ -..-l-.

V. Popov : signal of SVD-2 |
important to give ## ﬁ#ﬁ 4

kinematic details ! wE ﬁiﬁ§+

o + M=1522 8+3(stat.) MeVic*
g=12 8+3(stat.) MeVic*

negative and poisitive e
evidences discussed in i

V. Popov : Review on PQs

A I {05 I J_'I.Z-'
M, ﬁKEF ) GeVio

Leonid Gladilin :only HI sees ©.(3100) in direct contradiction to ZEUS
ZEUS sees ©7(1522), HI not (statistically still compatible)

ZEUS sees no signal =~ 0
3/2

H. -WV.Siebert : negative evidence for ES_/; (WAS89)
and for ©7(1540) (Compass)

bump in ¥(1760)" — pKg (known from phase shifts)

Tensor glue balls M. Mateev : discussion of 3 states, around 2000 MeV,
width ~500 MeV
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Elliptic energy flow in Au Au colissions (PHENIX, RHIC)

out-of-plane
e /1
Q\’DQ sz
in-plane
X

Au nucleus ’ z

concludes, that seen for all hadrons

Elliptic flow comes from the
azimuthal dependence of pressure
gradients and generated mainly
during the highest density phase of
the collision before the spatial
asymmetry of the plasma
disappears.

Calculations (hydro and parton
transport ) — v2 is generated before 3
fm/c. -> It is very difficult to convert
the spatial anisotropy of the matter
into a momentum space anisotropy
once the system cools into the
mixed phase.

(on question also for photons)

seems to develop early (quark/gluon phase)

HSQCDO0S5 exp sum
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Facility for Antiproton and lon Research
at Darmstadt, Germany

FAIR Will Probe the Intensity Frontier With
approved facility =~ Secondary Beams

expected ~ 2013
«10"%/s; 1.5 GeV/u; 238U28+
+1019/s 23873+ up to 35 GeV/u
_ ' *3x1013/s 30 GeV protons

» Broad range of radioactive beams up to

A\ 1.5 - 2 GeV/u; up to factor 10 000 in
intensity over present

* Antiprotons 3 (0) - 30 GeV

» Radioactive beams
+10"" stored and cooled 1 - 15 GeV/c antiprotons
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PANDA — Pbar Annihilations at Darmstadt

Hadron Spectroscopy with ( pand:

Spectroscopy of Charmed Hadrons:

Search for Exotic Hadrons

Charm Production in pbar A
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Why Antiprotons? |

Production: F S
o _ _ ormation;
e e+e- annihilation via e = ' 5o s
virtual photon: only v, N
tates with Jre = 1- Ty !
states wi — Loyyete L yete
* In pp annihilation all Resonance
mesons can be formed Cross
section
 Resolution of the mass
_ _ o Measured
and width is only limited e
by the beam momentum . %
resolution eam M Energy
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Conclusion

e still intensive experimental activity addressing QCD

e HERA, TEVATRON, RHIC will provide important
information before LHC will have results

® We experimenters have not yet provided the data
which need BFKL beyond any doubt

® Looking forward to next HSQCD
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