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Uczestniczymy w nastepujgcych eksperymentach i projektach:
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* Eksperyment ZEUS w laboratorium DESY w Hamburgu:
badanie oddziatywan elektron (pozyton) — proton przy najwyzszych energiach.

Q. European Organization for Nuclear Research
N e Ay

* Eksperyment ALICE w CERN-ie:
badanie oddziatywan jadro-jadro na LHC wiasnosci plazmy kwarkowo-gluonowej

Piotr Stopa 4.12.09



HERA electron-proton collider

DESY laboratory in Hamburg, Germany

HERMES ZEUS |

2 collider experiments
> ZEUS and H1

2 fixed target experiments
> HERMES and HERA-b

020 GeV protons (820 before1998) HERA construction
27.5 GeV e* 4 1984
«300/318 GeV c.o.m. energy approved 19

«220 bunches, 96ns. crossing time
<90 mA protons,40 mA positrons

«Instantaneous luminosity: 1.8x103cm?s
5.12x10%cm?s* after upgrade



Zeus Detector

Complete 4n detector

Tracking:
- central tracking detector
- Silicon p-Vtx
(operate in a B field of 1.43 T)

Calorimeters:

- uranium-scintillator (CAL)
o(E)/E=0.18//E [emc]
o(E)/E=0.35/VE [had]

- instrumented-iron (BAC)

Muon chambers

f“-_.E == B 0 ® Experiment approved
:.‘% E i :: :: i 1986
e N

18 countries, ~400 members









First luminosity on May 31, 1992
-first paper that September

Control room in the mid-9Q;'_s
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HERA delivered

:

HERA I:1992-2000
0 ~180 pb-1/experiment
delivered. (mostly e*)

Upgrade: 2001-2002

Integrated Luminosity (pb'1)

HERA II: 2002-2007
~580 pb-1/experiment
delivered. (e and e")

0 200 400 600 800 1000 1200 1400

days of running
- Polarisation:
T.ascr

fexisls) | pgp

For HERA IT: =T -
- Luminosity ~x3 (low-p insertion) V. \
- Long. polarized leptons |

- Some running at lower proton
energy: 460 and 575 GeV




HER A last fill on 30/6/07 at 11:30 pm
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Physics at HERA

Elektron

27.5 GeV poton 920 GeV




LQ
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1994-97 Preliminary NC Cross Sections

| Data points correlated

® H1(23.7 pb™)
A ZEUS(33.5pb™)
% Standard Model (MRSA)
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i { After ~100 pb! of data
+++ l --no excess.

(similar results for H1)
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Summary from ~2004

95% CL limit [TeV] ZEUS H1 Di CDF | ALEPH L3 OPAL
Coupling structure
Model [e,, €, €u:€xx) | A~ AT |A™ AT | AT AT | A~ AT |A- AT [A- AT |A- At
LL [+1, 0, 0, O 23 28|42 33|37 25|62 54|28 42|31 55
LR [ 0,+1, 0, 0] 1.8 3236 34|33 28|33 3.0|35 33|44 38
RL [ 0, 0,+1, 0] 1.9 3.2 (37 33|32 29|40 24|46 25|64 27
RR [ 0, 0, U+l] 23 28|40 33|36 26|44 39|38 31|49 35
VW [+1,+1,+1,+1] | 7.0 65|54 51|61 49|52 35|71 64|55 42|72 4.7
AA  [+1,-1,-1,+41] |53 46|39 25|55 47|48 38|79 72|38 61|42 81
VA [+1,-1,+1,-1] (34 33 (29 29
LL-LR [+1,—1, 0, 0]|4.0 27 45 3.9
LL+RL [+1, 0,41, 0] | 4.7 4.7
LL+RR [+1, 0, 0+1] 43 42|37 38|51 4.2 74 6.7(37 44|44 54
LR+RL [ 0,+1,+1, 0] |56 56 |41 43|44 39 45 29|52 31|71 34
LR+RR [ 0,+1, 0,+1] |48 48
RL-RR [ 0, U+1 ,—1] 1 2.6 3.9 4.3 4.0

2-7 TeV range limits from all three colliders




Channels where excesses at HERA were reported
previously:

lepton + missing P
e+ F-"T"Iss events at HERA I+I@D.9? fb':-D muH'|—|ep'|'o ns
43 [ @ Hi+ZEUS Data (prelim.) . e
o i Egﬁ SM Nnma_'_ 927+ 11.2 Multi-electrons, HERA I+l (e'p, 0.94 fb™
[ Signal sm = Se = T
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No compelling indications of BSM in the total data set



Introduction: Deep Inelastic
Scattering

““ Described by 2 kinematic variables

Q* =—¢°

x =Q/2p.q
do?
5 — 4 Y Y FL T ’LF?))
dedQ)* Q)
2 ry
y = @ /xs, the inelasticity parameter, ¥ = 1 —y)*) Mostly about
Fy, F1,, and 2 F5 are structure functions of the proton. F,

e /7 longitudinal component, damped by y2.

o Fy: Smallat Q% < MZ,



3 msac In the early 90's, HERA was
B sl B EOMS about to push the
- = corm proton structure

function measurements
by 2 orders of magnitude

103? DE&SS

0% in X and Q2.
: S
10 g
: \2{(’ / 7| ,
L e | Clearly, the first
/ & measurements would be
w0t 1 inrelatively low Q*
/6 it it st i s aNd would extend to low x.
10 10 10 10 10 10 1

What were the expectations?
What would be the proton structure at low x?
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Why such different predictions?



Two ways to think about the problem

pQCD Quarks are asymptotically freel

Proton is a beam of partons

whose behavior can be

vV VvV VY

understood using
perturbative QCD!

OR

Hadronic

Protons are hadrons—whose
constituents are confined. The
behavior of hadrons is not

understood from the first principles
of QCD: however we have relatively
good phenomenology to describe them.

G, a0
2% .




Before HERA: hadronic view of the
proton and F,
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W: y*P cms energy

F, at low x is simply related to
the total y*P cross-section.

X ® Q2/W? so as x falls W rises

small x limit of DIS is a large
energy limit of the y*p cross-
section.

at HERA W goes up to ~300
GeV.

Large energy limit of total
cross-sections is where the
Pomeron trajectory dominates in
Regge phenomenology: slow rise
of the cross-section.



Hadronic view of F,

We do not understand how hadrons are
formed and behave from first F,
principles.

We do, however, have a phenomenology
that describes most of the properties i
of hadron-hadron collisions. (Re ge) I
This is somehow the result of QCD in

the strong coupling limit.

Virtual-photon proton cross section (or
F, at low x) is yet another total cross- i

section which should be dominated by /ff/

the properties of the proton as a Q" = 85GeV’
hadron - governed by the same
Pomeron trajectory as other hadronic s

. . . -4 -2
cross-sections: slow power rise with W 10 10 10
(or 1/x) . X

Donnachie and Landshoff (1993)

against r. If the HERA experiments find results for »W, significantly larger at small x than

our extrapolations, we claim that this will be a clear signal that they have discovered new

physics. Of course, the hope is that they will discover the Lipatov pomeron. In relation




pQCD view of F,

* Asymptotic freedom! A proton at a high energy collider is a beam
of partons.

* A proton knows itself as a proton only to the extent that the non-
perturbative “initial distributions of partons” are somehow
determined by the hadronic properties of the proton.

* The parton distributions at any Q? can be calculated via
perturbative QCD given enough data to determine it at some Q.

x> momentum frac. of parton
e & ¥ e, 9 Q?2->resolving power of probe

g=k— & Fartorizatinn:

op1s ~ fyl(e) @6

_ \

universal) parton densities PQCD cross-sec.




pQCD view of F,

DGLAP evolution equations: Ofp ~ f, &P
> p
dlnQ
P's are splitting functions: Z {6 mu< w<
And {LO {or in DIS scheme..))
Fy(z,Q%) =z ), €5(q(z, Q%) + ¢(z,Q%)) Predict: |Evolutionin @
where ¢, ¢ are quark, antiquark densities in the proton. F, >many gluons at low x

T ]
DGLAP evolution L /

of Fz
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maller'

3 .
0001 001 01 ‘ 1 10 10 10

X



Measurements at HERA
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HERA measurements and pQCD

DGILAP evolution
of F 2

0. 001 001

n\°°
»
e? smaller x

Lines are pQCD fits to
parton distributions.
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Scaling violation of F,

DGLAP evolution
of Fy

To LO:




Additional information: jets at HERA

» ZEUS 96-97 x‘*‘s >0.75
= =~=="NLO (GRV) ® HAD
----- R ----= NLO (AFG) ® HAD
: Jet energy scale uncertainty

1 |

T« niﬂ",ﬂ{ 2.4
(x 20000)

do/dEEt! (pb/GeV)

Jets can probe the gluon e 1< <24

-Jet measurements are
consistent with NLO QCD
fits from F,

1< p
(x 0.0005)

*Can be used to further T2 (¢ 0.00001)

constrain the gluonand/or % 4 W w m
a E_{_en (GeV)

S
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Triumph of perturbative QCD

ZEUS
Bo N Y
] ;/
(a) "
b B gluon
c B i x=0.001
(o] 20 -
= 1.8 ® H1,ZEUS o000l
= - : A other experiments I
2 4L : 2% {CERN, Fermilab)
g i Q=15 GeV | — o it
= i
2 15
% : — ZEUSNLO QCDfit
= g
2 : 77 tot. error (o -free)
E 1 __ tot. error (o -fixed)
L 10
08  g’35GeV
0.6F
s 5
0.4}
0,2
L x=0.1
g W)
O IIIIIII. 1 IJIIIIII 1 IIIIIIIi 1 llIIIlII L IIJIIIII 1 Li1l 0 ;-.‘l
5 -4 -3 -2 = 4
10 10 10 10 10 / I . E
Momentum fraction x ’ r'eso UTlon
1 10 10° 10° 10!

- ' . Q*(GeV?)
A part of Wilczek's comments upon the Nobel Prize announcement

proposed specific experimental tests of our ideas. In the fourth paper some technical objec-
tions to the theory were cleared up. and in the fifth and sizth papers further experimental
consequences, reqarding the pointwise evolution of structure functions, were derived. The
most dramatic r{f' these, that protons viewed at ever ."'.'_J.[,rJ"_i'.r'.r resolution would appear more

and more as field energy (soft glue), was only clearly verified at HERA twenty years later.




On the other hand...

Has the hadronic proton completely vanished
(only manifestation in the parton densities) ?

Events

Look for
leading
protons in
the final

STaTe/
carries most

2 [ 3 ; ] -
10 a) 2<Q*<100 GeV> of the beam

M,>L5 GeV momentum
<0.01

Xp

&
If proton carries most

of the beam momentum
and t is small >

t is small

<Q*>=8.4 GeV*
<p>=0.32

dc® = P /ditl (nb/GeV?)

[y
=

0.1 0.2 0.3
It (GeV?)



Mass of X, Mx, must be small
with respect to W

X is far away in rapidity from
«—— | the proton—> a rapidity gap

ELE %, . =075

LY

el u S~ seattered electro
/ ” :
/ I

—_——

'-" L
electron proton

No particles in the proton direction
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~10% of DIS events are "rapidity gap” events




In the simplest interpretation 2 gluons in a
color singlet state are exchanged:

gluon “taken out”

] l 1)) b
a/ gluon "put bac
=

= . .
S Proton stays intact: this
p% P" process carries information
, / about the proton wave
small perturbation function

00\6

6001

Here, proton is behaving as a hadron!

This is "diffraction” familiar from hadronic physics:
however, with some peculiarities



 Sizable part of F, even
at high Q? (~10% at 30
GeV?). > High Q% means
interpretable in terms of

pQCD(?)

* Ratio to total cross
section is flat with W
(or x). How is this
possible? If

- 0,,; ~ gluon density
- 04+~(gluon density)?
(Naively...)

ZEUS 1994
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ZEUS 1994 Energy dependence
‘ 25&1 5l MX =2 GeV ‘ 25&1 sl MX — 5 GeV Of d|ff.r'GCT|V€ DIS
Pl U is not like the usual
141 I hadronic diffraction.
N L |
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C ] il — i ci] ] 2\
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data.
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00 10 15 20 25 30 5 Ianguage



Proton as a hadron

 In DIS diffraction we have:

- A phenomenon that is clearlfy related to the hadronic nature of
the proton—i.e. that of confined color.

- that exists at 10% level at high Q2—where perturbative QCD
should be usable.

- that does not conform to the expectation from the hadronic
phenomenology.

= that does not conform to the naive expectation of 2 gluon
exchange.

* Plenty of mysteries:

- We observe protons as hadrons clearly in the kinematic region
where asymptotic freedom+partons appears to give a good
description of data.

- Do we, then, truly understand the evolution of partons in the
proton—especially at low x?

- Is diffractive DIS the opportunity to finally begin to unravel
confinement from a perturbative point of view?

A lot of high precision data from HERA exists—>
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So far, no true understanding of this phenomenon



Combining H1 and ZEUS F, results

H1-ZEUS Working Group: A. Cooper-Sarkar, K. Nagano, J. Ferrando
Y.Ri, A. Glazov, M. Klein, V. Shekelian, Z. Zhang, E. Rivzi, U. Martyn

x[

— ZEUS-JETS Fit

\ .\ |:| total uncert.

H1 PDF 20000

- X uncert.

06 —
04 -

xg (o 0.05)

02

|||||
Q' = 10 GeV?

Some understood differences
between H1 and ZEUS PDF's

ZEUS uses jet-data to constrain

:/ mid-x gluon-> smaller uncertainty

H1 uses BCODMS data to pin down
the high-x behavior-> smaller uncertainty

Still, there appears to be some

systematic differences.

H1-prelim-07-007,ZEUS-prel-07-026
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are consistent.

Of course, this procedure also produces a combined F,

HERA Structure Functions Working Group
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Leads to (very) significant improvements in parton densities

xf

15

10

ZEUS data only

—— ZEUS Data (ZEUS analysis)

B I:l exp. uncert.

IIIII| T T
Q* =10 GeV?

H1+ZEUS data
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Combined ZEUS+H1 Data

(ALGlazov)

I:l exXp. uncert,

—— HI1FPDF 2000

—— YEUS-JETS FIt

Note: These plots are taken from the proceedings of
HERA-LHC workshop hep-ph/0601012 and uses an earlier

version of the combined data.

Only HERA I data have been combined so far



Concluding remarks and outlook

HERA ep collider has ceased operations as of July 2007.

The experiments H1 and ZEUS have together recorded about 1
fb! of data.

The rise of F, at low x and diffractive DIS are two of the most

important discoveries at HERA. The quantitative understanding
of the latter phenomena is still missing.results from ZEUS.

Although data taking is over, there is a lot more to come >



Outlook

Full analysis of HERA IT data—will probably take 2-3
years more.

~30-50% improvement in statistically limited -
measurements (high Q?, E;), <1% experimental precision

in alpha_s.

Factor x(2?) improvement in systematics in F, (improved
understanding and H1+ZEUS combination)

Charm and beauty cross-section to 5 and 20%
respectively—micro-vertex detectors.

Electroweak measurements.
F. measurement for the first time at HERA.



Przyktad prostego oddziatywania: ep —e p° N'—»e m m N’

pP-Candidate at high [¢| in ZEUS:
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Pomeron QCD: 2 gluony czy drabina gluonowa?
Na to pytanie usitujemy odpowiedzie¢ w Krakowie...
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Wybrane tematy badan w Krakowie:

* Dyfrakcyjna kwazi-fotoprodukcja mezonow wektorowych p, ¢ and J/W¥

* Szczegotowe whasnosci wielo-hadronowych standw koncowych
produkowanych w gteboko-nieelastycznych oddziatywaniach e-p :
korelacje miedzy hadronami,
fluktuacje krotnosci hadronéw, momenty krotnosci,
interpretacja w ramach perturbacyjnej QCD

ZEUS

o o =
L L
il FEFUS 1996—97
AR LADNE 1.5
ARIADMNE partons (T,=C0.27 SGew)

1.6

— - —— HERWIG

. LEPTOF

1.4
=

—-

BF,
BF,

GeWW

BF,
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* Korelacje Bosego-Einsteina: rozmiar obszaru emisji hadronow

\ s ZEUS
o 7L
s - Q2 > 110 GeV?
L + ZEUS (prel.) 98-00
= o (included in the fit)
1.5 —

1.2

0.9 —
: K o

0.8 —

0‘7 B 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1
[a) 0.25 2.5 0.75 1 1.25 1.5 1.756 2

Q,, (GeV)

* badanie produkcji czgstek dziwnych
* efekty saturaciji.



Monitor swietlnosci

Swietlnos¢ = liczba obserw. przypadkdéw/(przekrdj czynny - czas)

Zaprojektowalismy i zbudowali nowy monitor swietlnosci dla
eksperymentu ZEUS, spetniajgcy wymagania przebudowanego
akceleratora HERA, i mierzymy swietlno$¢ na biezgco.

Zasada pomiaru $wietlnosci: zliczanie fotonow hamowania ep—ep y

ZEUS - LUMI MONITOR
SETUP UPGRADE 2000




Pierwszy pomiar swietlnosci 21.10.2001:

Horizontal Beax: Frefile

Bremsstrahlung Rate [ Hz]

1542 1843 1644 18:45 1645 1547 1645

Verticel Besm Protle

Beams displaced -no collisions

Collisions - first luminosity!

£ o ndf  149.2 - 116
3 L _ 1 1.147
ar - - [ =dd 1471,
10 ? - | i 4350
B Bethe-Heitler
107 —
107 e
- i Wielokrotne fotony
10 L 1—2 Movember 2001 #Hl}i II‘HI v‘l |
1 = ,| “ ’
E | . I , 1 , I . I . I , 1 d I

S00 100C 1500 2000 2500 3000 3500 4000
{call+cal2) 2 (ADC)

Nasz cel: pomiar swietlnosci z doktadnos$cig lepsza niz 2%



Proponowane tematy prac magisterskich w Zaktadzie Struktury Hadronow (NZ12):

Pomiar ekskluzywnego przekroju czynnego na produkcje mezonu J/PSI lub/i PHI w
eksperymencie ZEUS przy akceleratorze HERA w DESY w Hamburgu

opiekun: dr Dorota Szuba,

Analiza materiatu doswiadczalnego zebranego w eksperymencie ZEUS w 2007 roku
Przy energii protonu 460 GeV oraz 575 GeV, kontynuacja prac grupy krakowskie;.
Wymagana przyzwoita znajomos¢ angielskiego, mozliwa praktyka w DESY.

Korelacje w koncowych stanach hadronowych w eksperymencie
ZEUS przy akceleratorze HERA w DESY w Hamburgu

opiekun: dr Piotr Stopa

Analiza materiatu doswiadczalnego zebranego w eksperymencie ZEUS w okresie
HERA Il 2002-2007.


mailto:jan.figiel@ifj.edu.pl
mailto:jan.figiel@ifj.edu.pl
mailto:jan.figiel@ifj.edu.pl
mailto:.stopa@ifj.edu.pl
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