High Q? physics and the future physics program at HERA-II
LLWI 2002

* Summary of high Q? results from HERA-I
* HERA upgrade

 H1 and ZEUS upgrades

* Physics potential

 Summary
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Event topology at high 0> Hl & Z488S

Hi Run 1232145 Fvent 89506 Date 19,/09/1895

Events

[@* = 25080 GeV?, y —0.58, A =211 GeV

e+/' Toemmh oo
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) 5 6, /°
£10000 2150 GevAE 100l Q5000 GeV/2
> 7 [
- 80
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401
20
= 50 100 150 200
E, /Gev E, /Gev
Events easy to recognize: high trigger efficiency, low background
lepton back-scattered, high energy
CC (signature is missing p,) more difficult at low y
4
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Neutral Current

small at
high O?

Parity violating

FYC =x) 4,(0M)[g(x,0")+q(x,0")] X = x) B (0)q(x,0")~q(x,0")]
A f

2 2 2822 2N .2
=e, — 2vyve.x, + (v, +ae)(vf+af);(Z
v exch. v -Zinterference Z exch.
2
= — 2aeafef;(Z + 4v, a,v,a;x;
Reduced cross section:
1 2 4 2 _NC
Zzz4sin219 cos’ 8 ngMz 51ivc = L 1do
4 4 z 2ra’ Y, dxdQ’
v,.d,,v,,a,: weak couplings Y, =1x£(1-y)’

J. Martin  LLWI 2002 5



NC cross section

HERA Neutral Current

H1 & ZEES

=

* SM describes shape over

B S 10 fall in cross section
3 B
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o —
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Quality of the data Hl & Z405S
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NC: first measurement of xF, H1 & 78S
. —_————————————

| T T T | T T T I
S |
b2k Data H1 97 FDFFit -

e agrees with QCD: small changes R W
over large range of O? due to QCD o R 0
scaling violations

5 Ml'
* results limited by small e~ sample . SR S

8] 0.2 0.4 0.6
* sensitive to valence quarks: P04 [Ty
X - Q =1500 GeV/> + Q"=3000 GeV

eHl | — HI97PDFFt

XF; o (q - q) = ((qv + qSea) - qsea) R qv 02 * ZEUS prd*j 1 {
T
0 1 |

e sum rule test:

X b Q%5000 GeV L Q%8000 GeV?

recall: xF] ™" = xz 2e,a,(9—q)

q 0.2 /\l\H\\ -+ 1 i

1 1 |

then : J.Ff_zdx ~2ea N, +2e,a,N,=5/3 . /j\&
0 | |

/ ELLm0.4f i 121111111 21 ]
X i Q =12000 GeV : Q™=30000 GeV 1

65 7z 02 - 1 i
H1: [ F/“dc=1.88+0.35(stat) £0.27(syst) /‘M /\\
. L 3 1 1 il
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Charged Current H1 & Z#5S
e ——— :

! T fm(MA{rQ] By <E (xR0
o} w

q | - J \ sma
; C/ \Q 11

F© =x(q+q)=x(u+c+d +5)

- _ G =u+c+(1—p)(d+5
€ p_>VX<xF2CC=x(q—q_)=x(u+c—d—§) > cc ( y) ( )

Probe u valence

e p->vX- similarly ... > 5§;p=ﬁ+5+(1—y)2(d+s)
*
- < Probe d valence
o extract individual quark densiti
extract individual quark densities Y —12(-y)
o 2
measure M, from propagator dependance s _2m 0*+ M2 | do,.
“ G| M, | dxdQ’
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CC cross section H1 & 78S
E :

—

1 HERA Charged Current * SM describes shape well:

10

3 - — below M2, slow fall with Q2 due to
8 2L reduced x phase space
NO E )
T — above M2, rapid fall due to W
5
1071 propagator
.F o difference e vs e™:
10 = * H1e'p94-00prelim. .
-« Hiep — low (?, sea important, o~ same
I~ O ZEUSe'p99-00 prelim. ) ]
105 0 ZEUSep 9899 prelim. — high O?, valence dominates:
= — SMe'p(CTEQSD) ~ o
-~ — SMep(CTEQSD) GCCP ~ U
-6
10 = ~ o7t 2
- e = (1-y)'d
| y<09
10 -7 [ N N B ‘ [ I B ‘
10° 10* so rough expectation:

Q" (Gev)
, proton has 2u, 1d; _g(l-y)zdy: 1/3
Space-like M, measurement:

HI: M, =80.9+3.3+1.7+3.7GeV = o7/~ 6

ZEUS: M, =81.4+2.7+2.0+3.3GeV  d/u critical measurement

J. Martin  LLWI 2002 10




Electroweak unification H1 & 7Z830S
e ———— :
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Flavour decomposition with CC Hl & Z405S

——
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H1 xu and xd extraction H1 & 7Z830S
e ———— :

H1 Preliminary
« NLO QCD fit to H1 data ( ) T os F ¥=0.25 g | x=0.25

* 06

— determine xu ~ 6-10%, xd ~20% I
— at x=0.65, xu 1s lower by ~17%
than in MRST, CTEQS5, H197

0.6 [

04 |

02 |

>
2
X

04 [

* data points “extracted”:

xqv<x,Q2>]
G(xa Qz) fit

03 £

xq,(X,0%) = 0,0 (X, Qz)(

: X
points extracted only for ( 9v j > 0.7
o
*+ H194-00 combined

: 004 [
—> approx. model independent \ NLO QCD Fit: H1 only
002 | — H197PDFFit] [
— extracted points in good agreement  ,t,, ... il ;L?W fixed
with QCD fits 10 é? o target
data
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ZEUS NLO QCD fit

ZEUS
‘8 1 Q=1Gev® | Q=25 GeV’

+ Uses ZEUS 96-97 ¢*p NC data| S0
and fixed target data E 1072

« ZEUS-ONLY fit uses 96-97 e*p} )1)1/3 SOt .
NC/CC, 98-99 ezp NC/CC ol
— prefers higher xd, than standard fit 2
3

10 -

» more HERA data needed: free 1

. . 1
from heavy target, higher twist, 10
etc. corrections 107
3L

- Q%=200GeV* |
USNLO-QCD Fit [

tot. error

Q?=2000 GeV?
EUS-ONLY Fit
tot. error

0 025 05 075 10 025 05 075 1

X
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H1 F; determination at high 0 Hl & Z405S

« Extend data at high y by lowering cut on scattered e from 11 to 6 GeV |
Y-I—

O r N N [ fit ~
6 | QP=100Gev? | Q*=120Gev? | QP=150Gev? | QF=200Gev? F, =—(F," —0)
15[ [, [
H from H1 97 fit
05f normalized to data y<0.4
OOEIIIILLUI cool
& | Q°=250Gev? 0.002 __oom 0008 X
15 5 5 5 S 16 _ ...... 3 e €'p H1 preliminary 99/00 1
| & 1al e * epH1preliminary 98/99 1
s g E #s 5 ar ’
- o [ fixed y=0.75 ]
- = 12| ]
05 - n 0 - F =F, (H197 PDF Fit) _
L s i o 1F I('QCD 2 e
o 0 [ IIII|_|.|.|] IIII|_|.|.|] Ll [ Lll L1 IIIIIIIII IIIIIIIII L Ll [ 1 IIIIIIII IIIIIIIII | I : FL (Hl 97 PDF Fit) ~~~.:
& | QP=650Gev’ | QP=800GeV: | 107 1 107 1 08| ]
15F - X X [ ]
F - e e phighy, H1 preliminary 0.6 - ]
1F & ) o ep,H198/99 oal u [ 1
[ ' A €' low Q% H196/97 : J * 1
05 - T QCl i 18
: : — HL197 PDFFit: O, (F,=F" ) 02 H 12
L | .~ L o)
0 Dol il Cood 1ol -- H197 PDF Fit: 0, (F =0) of + g
10 1 107 1 : 1S
X X -0.2 : : - e T
100 200 300 400 500 60027008002
« measurement needed at lower £ : HERA-II? Q1 Gev

T
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H1 anomalous events

i

Jet

e,

* SM background mostly W

H1 & Z2#FS

——

H1PRELIMINARY 101.6pb™ e'p data 94-00

Lyc=900*Lpata

(GeV)

. a)

p>T<

60
40

20 |-

0\7 \\\\\H‘

« Compare expts in same phase space:

PXT>25 GeV

e
Obs (exp)

7,
Obs (exp)

etu
Obs (exp)

Hl1

4 (1.3)

6 (1.5)

10 (2.8+/-0.7)

ZEUS

1(1.1)

1(1.3)

2 (2.4+/-0.2)

10°
M7 (GeV)

P2 (GeV)

80

60

20

10°
MY (GeV)

H1 sees them, ZEUS doesn’t

7?7 puzzle ??

need more data to resolve
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HERA-II Hl & Z405S

e Luminosity upgrade 5x increase =) 150-200 pb-!/yr

— strong focusing inside experiments: SC magnets

— new magnet arrangement +/- 100 m from experiments

 Longitudinal polarization for H1/ZEUS
—  >50% (70% design goal)

e experiment upgrades:

— forward tracking, S1 vtx detector (new for ZEUS, new fwd. planes for H1)

» needed for forward jets, high energy scattered electron, heavy quarks

— online triggers

* short decays for b,c ; D* reconstruction

— lumi and pol measurement detectors

e HERA-II run until 2006 : goal | 1000 pb-!/experiment

+ o+ - -
— divided ~equally €p,€;,€p, €,

J. Martin  LLWI 2002 17



ZEUS upgrades H1 & Z88S

Overvriew OF The ZEUS Delector
{ Longi tudraal Cut )
For Luminosity Upgrode With “*Short Mognets®
JI.?MU P T [ T e

sl eoconas s DT b R IELD pompptn congment
Wil BILD V| [erro-
FHION — O

!
i —
Lumi
ﬁ miie Monitor

O 7z

New Beam Pipe System

0. Mun| =Ly -TEIE

New SC magnets
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H1 upgrades

Forward Muon Instrumented Iron Detector

Spectrometer

s.c. Solenoid 1.16 T

Spaghetti
Calorimeters

_ p

————5% o = == GG —m— ————————

Backward
MWPC

ToF Forward Silicon Central Central
Scintillators Tracker Tracker Tracker MWPCs
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ZEUS MVD and STT

LLWI 2002
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H1 installation of central components Hl & Z405S

* Very tricky operation ... SESss===
had to be done blind o

from one end!!

Connectors
had to mate
inside!

Remote tool
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Luminosity measurement Hl & Z405S

=

e H1: crystal cerenkov detectors to detect e and yin ep —~>epy

1|
s e -

T e FD

= T 40 50 [ [ 0 [TH 100 110 {m]

« ZEUS: 2 methods (different systematics) to detect y

— calorimeter + active aerogel filter

— dipole spectrometer to measure |
Photon Beam Pipe |
e’e  conversions ] ol
o LN :
— scattered electron P = S

BPC

. o2 ietersfrom 18 Vacuum Pipe
measured in W/fibre ¥ Uniform Bx Field
calorimeter at 6 m

* goal: 1%

— face increased synchrotron background, multiple overlapping y+ physics
J. Martin  LLWI 2002 22




Polarization measurement H1 & 78S
E

e cross-check with accurate measurement of both transverse
(TPOL) and longitudinal (LPOL) polarization plus machine
lattice simulation

 need short time-scale measurement, 1ideally bunch-by-bunch

— challenge in high synchrotron radiation environment
Spin
Rotator HERMES

(exists)
* use back-scattered laser light } - {-

and precision detectors / “spin Rotator(new)
and DAQ "

HERA RING

¢ goal 1% \\ Spin Rotator (new)
— was 5% at HERA-I

for HERMES Laser
ectrons
HERA B

ZEUS

J. Martin LLWI 2002

23



LPOL and TPOL Hl & Z8¥S

e ———————————————

:
:
—

 Laser beam switched between R and L circular polarization

 LPOL: measure £ asymmetry of back-scattered Compton photons

— new Fabry-Perot cavity +laser, new sampling calorimeter

YL OT YR

— high rate 1 y per bunch
— calibration on Compton edge

=

 TPOL: measure position asymmetry

— pre-radiator + S1 detector M
D
>

J. Martin  LLWI 2002 24



Precision at high O? H1 & Z88S
E .

o o e /\+
 High precision (3%) over O Focwc e oowe e
5 [ . i
unprecedented range: T 10° ¢ 500 pb
10* 7 x=0.07 (x40000) caewO o o o000 o
2107 <x<0.7 i
107 ¢ x=0.13 (x3000) Ocee ecooceecooo o,
2 4 2 i
Q < 5 ° 10 GGV 102 E x=0.225 (x200) mpe . —oee,
10 % x=0.35 (x20)
. gluon+singlet+a, +systematics fitted 1 ; ® '—*\
9 % x=0.45 (x2)
B\ 10 [
8o _p [ x=075(x1.5)
Q2 (GeVz) 10 ] MRSH M\‘*"N\
10_3 ; I R R T B S I W U T BN S A W R TT1 B S A I R TT] B S I R TT] B R A
N 107 1 10 10> 100 10
Q* [GeV’]

* beyond NLO fit will give:
T - gluon to 3% (important for Higgs)

- a, 10 0.001
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Importance for LHC Hl & Z405S

]_Dn 'E L I'III'II J 'IIIIIII 1 IIII“II L] I"'IIII 1 'IIIIIII F IIIII'II T Farire

= (M14 TeV) exp(zy)

1.2
' Q=M M=10TeV

LHC parton kinematics (LO)

10 |

e.g., Wproduction at high y :
— low x =0.0003 1o’ 3

* can the extrapolation to high 0> |
be done reliably??

— an area of active theoretical 10°
research: NNLO, resummation of :

In 1/x terms, etc. 10° " v

— e.g., for /|, LO - NLO — NNLO

converges only for 0? > 5 GeV? o'
10” -
1o

J. Martin LLWI 2002



Quark densities

High / + short decay tagging

Hl & ZE#FS

cC ] ]
gives ¢ and b rgab 250F 4w Tsoed el
. C ] T C T
CC e" and e gives 1l _5 i 4| 500 pbe
u, d, s (from Ws —c) 5 ] N
0,0f Pt :}‘ aa H—H—H _
0eFL  TG] 120Ge] |
AR RTINS
B DT e R | y Tow 1 .

B b/c v w1041 '
002} 1 500 pb-!

m T L. BN BTN | .
oot e T T T T o T T T N T e O T o
wof WGt sttt mced osced : X

| i i JrHﬂ — complete survey of
0.1F 3 3 ¥ s s

;_ i M Mﬁf M‘F _ parton content of the proton!
Olgznwz RENTI. STERTRNTER STRNNENTAN SAN R

107407107 10™10™0®  10™M0™10™  107™40™10™ 10"1[)"1()"><
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Diffraction at high O”

* QCD understanding of colour singlet
exchange still intense field of study

* need more data with jets, VM, charm,
with tagged leading p

colour
singlet —»
exchange

HORIZONTAL

' » HI: new spectrometer at 220 m

e measure -t < 0.5 GeV?2,
resolution ~ 0.2 GeV?2

M |t =0.5GeV? TT

M |t|=0.1GeV?
M |t =0.01 GeV?
] beam envelope x 12

o 50 100 150 200 250
s (m)
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Polarization imgortant Hl & Z405S

N/‘\ 3 B I T TTTTTI I T TTTTI \ \HHH‘ \ \\HHL
@ i -]
at 0= 10,000 GeV%,x=0.2, 8 25 - ¢
ol\e, Nb% 2 } {
Li~1.740.06(Stat.) ‘o -~ Large effect! -
O\ = 15 - —
g R
X 1 R
= : *R
o 05 - a) et B

O : \ \HHH‘ \ \HHH‘ \ \HHH‘ \ \HHH: -

10 10° 10° 100 10
Q° (Gev?)
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CC with polarization Hl & Z405S

——

ZEUS CC Cross Sections

_|_
e_p = 120
oC ( —+ ) R
Occ (1P I
3
8 100 |- _ | )
* CC interactions with or e'; or e 2ot + opDaa erem. 100"
Nl ~ — €p SM Vs=320 GeV
11 3] :C:’ B A €pSM (MC)
= W, sensitive to ~ 500-700 GeV & o L wewe

sensitive to My, ~ 150 GeV

— e'p SM Vs=300GeV
A epSM (MC)

40
N Vs=300 GeV (50 pb™)
q i
e 1n general, vary polarization to reduce SM 20 |-
backgrounds I
—> enhance S/B for new physics with o Ly W B UNRN INSS SRR TRRHE o Loy
P

different couplings
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Polarization exam

§: 0.3
Measure: 2 - o Neutrino
0 o - LEP 20
ffffffff o
v, to ~ 13% , e
7% 02 - —
au to ~ 0 | e LEP/SLC SM
m Neutrino SM
0.15 -
(¢f. LEP candb) @
| |
0'10.4 0.55 0.6
a'u-type
20.25
EN /S/ . \ G
P ensitivity 815 4 e p v
0.225 - .'. “_ tO beam GeV | P=-0.7
i S polarization 8101 cc g
0.2 L Ly m . CC+NC
’ 72 : w i 1000 pb- and oo cen
i < [ o(m) =5GeV H
0.175 - p=0 8951 CC +NC
D 1000 pb-1
B A P=0.2
0.15 . - P=05 80.0 -+
. — P=0.7 _
PR T T N T O T T N U Y S S N S Y A r 1% SyStemathS
0.45 0.5 0.55 7951 7
a, - |6M,, ~ 50 MeV
X N N N N
0 50 100 150 200 250 300 GeV
m;
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New physics ? Hl & Z8¥S :

— Rp violating SUSY

— lepton flavour violation
— excited fermions

— contact interactions

e-polarization: improve S/B

Sensitivity to WWy vertex:

anomalous couplings
Ak, , A, parameterize
deviation from SM

-m—

In many regions of “search phase space”
HERA already sets the best limits (see
Corradi). Large luminosity increase will
further enhance the sensitivity.

< L
15 -

HERA 1000pb;

- LEP2 125pb™
1 FHISZ scenario

08 -06 04 02 0 02 04 06 .08

J. Martin LLWI 2002
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Summary Hl & Z#0S

* No time for a summary!

« HERA-II about to begin:

— first test lumi run in December
— problems with
proton ring aperture now fixed
synch. radiation way too high new collimators being built
install early March

e first lumi run begins Mar 17
— experiments are ready

— start with e*, switch to e in June

» we look forward to exciting physics with high luminosity
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