E.Elsen DIS01 - Bologna

Some Aspects of HERA Il Physics Programme

Highlights of HERA | Experimental. Prospects for
e Structure of Protow; HERA U
rise of ¥ + 1000 pbt

role of gluon

) + -
¢ Structure of (Virtual) photon; e’ and e beams of =276 qev

partow'w content of the ¥ * proton beams of 2920 gev
+ Electroweak Lnification - polarized electron beam (P=0.6)

» Search for effects ,
Begowd the Standard Model Foous Df this Talk

+ Colour singlet exchange process; ~ 7¥SPeets of RCD
Diffraction Lnterpreted in terms  * Piffraction
of QP * High & physics

o« Searches
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An Upgrade Precursor

n 1995 H1 upgraded the backward direction

- calorimeter spacal early versiom BST
« Backward Drift BDC

« Backward Silicon BST (staged tntroduc-
tlon)

whteh provided

* precise electron energy/angle measurement

- charged particle measurements (p-back-
grouna)

* access to high y-region

St Tracking was hence systematically extended.
* H1L will have nearly 4T St tracking for HERA I
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F. Measurement

DISO1

F_ as a test of RCD.

* present extractions of F_ are

based on extrapolations of per-
turbative RCD into the region

of high y.
* 6, (x Q) = Fyx QZ)—LFL&, Q%)
1+(1-y)
* a measurement of 7 free of
additional assumptions
requires data at varlous Vs.

* It Ls most advantageous to
Lower proton. energy to
~400 GeV.

From RCD E)(tmpoLat'Lows

“Q*=2.2 GeV?

“Q*=4.2 GeV?

-Q*=7.5 GeV?

~Q°=20 GeV?

.

® H196-97
A BCDMS

* NMC

o SLAC

E= QCD fit (H1)

- Bologna

H1 Collaboration
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o, and the Gluon Density

From the tneluslve cross sectlon

« determination of xg (x)

, = QCD Fits |
- together with BCDMS G20 - B (H1+BCDMS) total uncertainty
X M (H1+BCDMS) exp. + o, uncert.
O anol @LDLDI/\: s 1 (H1+BCDMS) exp. uncertainty
T I T T T I T T T I T X - <H1 >
—+—+— Experimental errors
------- Th:oreticol error 1 5 B
tet— ZEUS (prel. ) 9697 Incl. jets :Q2:20 GeV? \\
. ZEUS NLO-QCD fit (prel.) 2001 \ , )
Q=200 GeV
B s il ZEUS (prel.) 96-97 Subjets 10 - \
e+ ZEUS dijets '
(hep—ex/0102042)
_[7®%1. Hllncl jets g
(hep—ex,/0010054) ]
ye H1 NLO—QCD fit 5 \ ©
— (hep—ex,/0012053) 8
req|  PDG 2000 \ ‘=§
(Eur. Phys. J. C15 (2000) 1) \
)_.I_( (SJ Eheythg;s (2000) Rz7)I | | | \ E
0.12 0.14 0.16 O“ 0—4 10—3 10—2 10_“
o‘s (MZ) X
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Parton Densities at low Q?

Pramatie H1 6 H1
changes of & @2,=500eV 4106V | & | Qu=500CeV® Q%=1.0 GV’
theparton L, @ 000 [oe Zom Freno- pocer
T ol 5.0 Gov? oY 3.0 Gev?
dCSOVL‘PtLOW ol 4.0 GeV? . 4.0 GeV?
: 5.0 GeV? 4 LEE 5.0 GeV?
as we ’
approach the
Low &= Limuit.
* gluon
becomes
valence R T AN
like

. Siwg Let distribution takes over
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QCD and Jets

DISO1

- Bologna

Exclusive RCD Processes
* 2-Jets
* 3 Jets

recent 'PYO@ ress \

Request for higher Ovoler
Calculations

* large differences between LO and
NLO caleuwlations at Low &

=
o

do 5, /dQ” (pb/GeV?)

15

data / theory

o
&

=
o

[
o

M3jet

> 25 GeV

e H1 prel.

QCD:

—— NLO (143, )
---- NLO

[l

® H1 prel./ NLO (1+6, )
] oy(M,)=0.118 +£0.006
05 <(u/E)< 2
B gluon: CTEQ5M1 +15%

NN
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Diffraction

DISO1

- Bologna

even Ln hard scattering processes (@*»0) the
proton often remains intact.

- early observation at HERA

+ analysis of diffractive exchange in terms
of its partonic content

» factorization has meanwhtile been proven
theoretically

* diffractive exchange is gluon dominateo

morve differential measurements reguired to
disentangle (RCD-) mechanisms

X F,D3(x,,=0.003)

(b) Quarks + Gluons (Fit 3)

- Q%*=4.5GeV? {
44§4,

1 L1 |
Q%*=7.5GeV?
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Diffractive Dijets

DIS01 - Bologna

Dijets production in diffractive

evewnts

* sensttive to partonic content of dif-

fractive exchange

Necessity of wmore exclusive diffrac-

tuve data

* vector mesons
e charm
. J'cts

and the |t|-dependence

(\I;: 2
N
5 1
N
_ 0
O
2
£ 600
S o
N
©
© 400
©
200
0

(a) e H1 Data
res. IP (dir.+res.y*)
— H1fit2

H1 fit 3

% res.y* only




E.Elsen DIS01 - Bologna

Very Forward Proton Spectrometer

« Lncrease proton acceptance in forward dirvection for |t|<0.5 Ggev™®

* at 200 wm proton beam LS S
HORIZONTAL

B

well separated from scat- S, LAvOrE bR ooeDtanee

tered p (detector has to be = | 9 P ]

tnstalled i cold sectton. 2 |

0'(: riwg) 7

’ , 0

« detector to be tnstalled tn ;

'ﬁ«YS‘t WLQJ’OY shutdown 2 L M |t| = 0.5 GeV?

1 j W |f=01GeV
after 2002 running * B oo e
40 [ beam envelope =12
Benefits for inclusive s
, 0 50 100 150 200 250

measurements, VM, Jets, s (m)

O % S §
2

Position of Detector Statlons

charm el
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Overview of Upgrades
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Necessary Modifications of the Forward Direction

- Bologna

Challenges CC evemt
* track density P = 140 GeV
- separation of
electrons/pho- :
tons anad [ _j;?;:z_;_. it .
hadrons e N |
Solution

|
\
IR\

* Forward Tracker
(FTD) with wore |
reoluwolavng AF

E[CeV]

« Stlicon detector
(FST) close to
tnteraction
‘PDLV\,’C
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Detectors take Shape

FIpb

2 mooules

* 2 wlre planar chambers replace radial
modules and TRD

* more redunoda ney
- pattern recog) wition/ambiguities

ST

* 5 planes of Si detector to cover small angle accept-
ance

* design taken from BST

. sophisticated detector Lnsertion mechanlsm
requircd
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Online Heavy Quark Selection

online Charm and Bottom Selectlon

* Fast Track Trigger Single Track in CJC 1 and 2

* nclusive rates are N A
large and prohibi-
tive at low scales

(& or py)

 calorimetric meas-
urement not odis-
tinctive at Low
energy scales

* requlre track
based reconstruce-
tiown of
Am=wm gry o

Elever:
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Consistency of the Gluon Extraction

Inelustive Fs

g & H1 incl.DIS
15 0,=0.1150 m,u>0
NG W H1 DIS jets
o ®,=0.1184 my,=0
Jet and Charm data x
, , , Jets
* mass treatment Ln theoretieal oL
description *
o) 5| s
> I 3
> , 3
x - Q’=200 GeV’ $
0 —2 —1 *

H1 Collaboration
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Electroweak Physics

AwaLHsis of Charged and Neutral Current

- at large & the electromagnetic and

~ 103
3
weak current assume equal strength ¢ 4 HL epowa « NC 9400 contined
~ Preliminary
LML [ cHl 1 g I . combined
o Limited statisties at m@h @21 g OF ce 9400
I d ’ _ 1 ;_
* wore data, in particular for e beams
10
required to explore high & reglon e
Nk L B 3
L 2- Data H197 PDF Fit - 10}
X 4 , ,
o —  Q@?=1500GeV £ |
I [ ] 5000 GeV? ] 10 _— NLO QCD Fit
1 B 12000 Gev® ] 10 5— y<0.9, (5=320GeV
I 10'6:- L e
10 10
: Q? IGeV?
0
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Exploration of the kinematic limit

- Bologna

High & data

+ Search for Lndirect effects at the Rinematic Limit

« EXA mpLe:
Extra DLmen-
SLOWS

* More data at the
highest possible

QQ

(can we still
LnCrease EP?)

do/dQ?/ do>™/dQ?

w

N

- Large Extra Dimensions

® epoprelimnary ¢=318

| limits for CTEQSD pdf

—— M_=0.68TeV A=+1
M_= 0.50 TeV A=-1

GeV

3

4

10 10

Q* (GeV?)

3

- Large Extra Dimensions

® e'ppreliminary ¢$=318
| limits for CTEQ5D pdf

| —— M_=050TeV A=+1
M.=0.92 TeV A=-1

GeV

3
10 1

4
0

Q° (GeV?)
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High p; Leptons with missing Transverse Momentum

..another event with p*>25 Gev
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DISO1

High p; Leptons with missing Transverse Momentum

- Bologna

High pt u and e
* H1:
18 events seen
~10 e)qaeoteol

for p >25 gev:
10 seen for ~3
expected.

e ZEUS:
good agreement
with expectation

+ Statistical fluce-
tuation of
backgrounad or
new stgnal.

P>T((GeV)

40

20

H1PRELIMINARY 101.6pb™ep data 94-00

L wc=900"L pata

60

40

20
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Conclusions

At the dawwn of HERA ...

H1 well prepared for more

tnclustve and exclustve

measurements

* NEW compowewts to measure
with better precisiow are Ln place

* wpgradles n trigger proviole
selectivity for rare processes

« HERA WLLL deliver the rate

..theory has to follow suite
* theory of RCD suffers from lack
of higher ovder caleculations

+ diffractive exchange only par-
tially understood

Detector has woved
back tnto beam Posi—
tlon on 29.3.2001
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