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Basic HERA Physics






Kinematics

Four-momentum transfer

squared
2 =-q? = (k-k")?

2 @: —>— Bjorken x (xy;)
> - x = Q?/2p.q

g = Q2 / Xy = 318 GeV InelaStiCit)’)f
y =p.q/ pk

Kinematics overstrained
calculable from electron or proton side
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How was the acclerator upgrade done
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HERA2 Upgrade



HERA | provided 120 pb-1 of
mostly e+ data

HERA 2 upgrade to provide 1fb”! of data with polarised
electrons and positrons.
Use beam focusing magnets to increase peak luminosity x5

Also upgrade detectors for improved
physics potential



How was the acclerator upgrade done
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Look -

Very high Backgrounds seen in 2002 start up

Run 313164 Ewvent 20

f-@hi wiew of CHC

F-phi view of ]
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Tracker Current PA

Design
lp = 135 mA
le = 55 mA
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How background problems were understood

| =l +al_+bl 2 +cl_+di |
cic .0 e e » e K
A
positron beam positron induced
pedestal gas interactions proton beam gas
synchrotron Interactions
radiation proton beam

gas interactions
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How background problems were solved

| =l +al_+bl 2 +cl_+di |
cic .0 e e » e K
A
positron beam positron induced
pedestal gas interactions proton beam gas
synchrotron Interactions
radiation proton beam

gas interactions

’
/0% of Background
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Very high Backgrounds seen in 2002

central tracker has current limit of 1 50micro A

At full luminosity operation we would have had | mA

Major study by HI, ZEUS and HERA

Plan of action:
new Collimators
redesign of old collimators
lead shielding
new pumps
bake out with luminosity

http://www-hl.desy.de/publications/H| sci_results.shtml



P 180 days left for 2005 running

INTEGRATED LUMINOSITY (09.05.05)

Produced by HERA [pb™']
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Future Plans for HERA 2
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Jet production



Directly sensitive to

QCD radiation, s, and
gluon density in proton
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Jets are found in the Breit Frame

Boost to frame where exchange
boson is entirely space like

E— E—

Born level has no
( E: in Breit frame!
Y(O9O9O9'Q2)

E— E—

—> Hard Scale Q2

QCD produces
E: in Breit frame




Measure Jets in Data QCD theory (NLO)

at Detector level

60

Jet |

\
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180,74

Correct data for
Detector effects

Jet 2

provides jets at parton level
NLO( | +0had)

Present results at
hadron level

N

Correct to hadron level
using LO+PS Monte-Carlo
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° H1 Preliminary 99-00
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R32 := O3jec/ O2jer ~

M;; >25 GeV
Mii >25 GeV

partial overlap
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Partial cancellations of uncertainties by taking ratio



Alpha_s extraction Bin 1 1 50<Q2<2()OGeV2
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How to Improve the Measurement

Increase statistics with HERA |l data

Decrease hadronic energy scale uncertainty to |%

Hadronisation uncertainty use MC@NLO

NLO scale uncertainty use NNLO?

Want to do more than just measure Xs!



The ZEUS-JETS QCD fit

¢« ZEUS-JETS QCD analysis uses the full set of HERA-I
inclusive DIS data and two sets of jet data

- Cuts on inclusive data in fit: o - -
¢« Q%> 2.5 GeVZ, W2 > 20 GeV? ” 0= 10 GeV?
ZEUS Data Set N gata o | S,
NG e+p 86-97 242 T T—
CC e+p 94-67 29 | .
MNC a-p 98-99 92
CC e-p 98-99 26 s
NG e+p 88-00 60
CC e+p 98-00 30
. 0 '|
OIS jets a+p 96-97 30 5 1 DB5
Y0 twio-jals e+p 96-97 38

y*/data-points 470/57T

{1 [Thy L Lt i

MOTE: Full details of the ZEUS-JETS fit have been presented previously, see HERA-LHC PDF subgroup
meeting, ~Addition of jer data to the ZEUS QCD Fit”, Claire Gwenlan, Jure 2004, Alse see DESY-05-050




Impact of jet data on the gluon PDF
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Pentaquarks
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entaquark quark seen b not seen b
P g content 4 4
_ LEPS, CLAS, | H | e+e-, HERA-
0*— pKS uudds ZEUS’('I"?,E)RMES, B, CDF, PHENIX,
(17)
O —pK* uuuds |CLAS, STAR HERMES,
BaBar
=ozm | ddds | NAd9 | MERESZES
=0-=t uddss NA49 HERMES,
BaBar
0: =»D*p | uuddc HI ZEUS,+




Typical D*p candidates

O0.— (D*p)— Dn*s = Km*n* 0. (D*p)— D°ms =K

Look - Run 266345 Event 472 Class: 15 20 27 29 Date 12203/2004 Look - Eun 376907 Event TOS90 Class: 11121315 18 2027 2829 Date 117052004
r-phi view of CJC r-phi view of CJC r-phi view of CJC r-phi view of CJC
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Entries per 10 MeV
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Observation of D*p(3100) resonance @ HI|

D*p(3100) = uuddc

DIS
1<Q? <100 GeV?

A.Atkas et al., Phys. Lett. B588(2004)17. HERA-I, 75 pb-!
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Also seen in independent photoproduction sample



Results of D*p(3100) Searches

HI| observation in ep = ccX

Negative results from

ALEPH et+e- = Z0 — cc
FOCUS YN —cc X
CDF pp —? cc X
BELLE e+e- — Y(4s) — B°B°
ZEUS ep 2 cc X

Different physics processes investigated (except ZEUS)
Detailed analysis of D*p(3100) from HI needed



Acceptance corrected Reor(D*p(3100)/D*)

pseudo-rapidity N = - log(tan(©/2))
D*-inelasticity z =(PspD*)/(P+q)

Kinematic region: | < Q2< 100 GeV? & 0.05 <y < 0.7
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MC approach in reasonable agreement
with p¢- and z-distributions of D*p(3100)



entaquark quark seen b not seen b
P g content 4 4
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. > i *# —H1 prel. data
KO Reconstruction 2 1200 TR
N 10000
S -
8000:—
KOS — '|'|'+'|'|" 6000
4000
2000
KOs selection
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secondary vertices : combinations M,.[GeV]
of oppositely charged tracks

pt>0.3 GeV, [n|<1.5

K% =140,000




Proton selection via dE/dx

Most likely dE/dx from Bethe Most probable dE/dx
Bloch parameterisation . / S

dE/dx [ MIP ]

Use likelihoods for
separation of protons

Average proton selection - —
efficiency ~90% ol

TT-suppression probability 86%,
96% at low momenta (p<I.5 GeV)
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Extracting Upper Limits on 0+ production

* fit background
* background subtraction in integration window

M+ 10 MeV, £16 MeV

corr. to 2o assuming a resolution of 5(8) MeV
*scan M in the range 1.48 to 1.7 GeV

* upper limit on N(6+) (95% C.L.)

e/ M{Kp) -

+—20

Ny 1. (0+->K% p) Signal Monte Carlo
oU.L.(0+->K" p)= « RAPGAP 3.1
BR* & *L change decay properties of ©*
to M=1.52(1.54), 5=0
* BR(K% ->n* ") * BR(K? -> K%) = 0.343 « detector resolution ~ 5MeV
* =75 pb"’ * acceptance & =5 %

Christiane Risler H1 search for a narrow baryonic K% p resonance, DIS 2005, April 27
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Zeus observation:

30 K2 p(p)
Q%20 GeV?

Statistical significance ~ 4.6 O

® ZEUS %00
—
veeees Gausslan

Combinations / 0.005 GeV
g

-1

Mass = 1521.5 + 1.5*28 ,;MeV

round
() ARIADNE MC

............................

| o E
Width = 6.1+ 1.5 MeV ey
(exp res 2MeV) oo E /M P
O(ep—eK°X)=125 + 27*36.55 pb 17 = A
(P reliminarY) 0:'.1.45 15 T T '1.'59;" ;c;e;;).v

There are differences in the analysis
particle ID, phase space etc...



Upper Limit (95%C.L.) on c(ep-> e0X ->e K%p(p)X): low p selection

low-momentum dE/dx selection
20<Q2<100 GeV?
0.1<y<06

M=1.52 GeV oy.L~ 100 pb

STIIIIT

— int. window =+ 10 MaV
o int. window = + 16 MeV H1 prel.

85 % C.L.

.l
[
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16 165 7
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HI_ limits not in contradiction with ZEUS
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Christiane Risler H1 search for a narrow baryonic K% p resonance, DIS 2005, April 27
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Summary

HERAII upgrade a success

Competitive measure of s from 2/3 jet ratio
Charm pentaquark better understood

NO strange pentaquark seen in H|

In all cases more data needed @ HERAII
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