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(1) HERA: Stotus and Plans
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2000: HERA luninosity upgrade
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Overview of the ZEUS Defector
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Uncorventional Magnet Design

+ Supercordhrting Quadnupole inside Detector provideearly separation and

focusing for e-Beam

e  Half Quadnupole with Cut-out mirror plate provide early vertical focusing

for the p-beam

« Septum Coil Quad provide space for horizontslly large p-beam
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(2) Heva-B:

Heavy {lavour Fhlssics " I"}P _intevackions at {s = 42GeV
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A typical event consisting of 4 interactions | ot 10HHz
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RICH Detector
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Tvigger: new termitory 4 critical path item
fivst level triger

Hardware “Kalman' filter
ECAL g

Musn Trackisg Innat & Cuiber Trasciing

g\ tww—:{ﬁ 2R
atinas

\/
e

higher level \‘,rlageu+ offline software in Sﬂd shape,

B SR, BEPC T



Trigger tests

Cal pretrig: 1 cluster, p; > 1.3 GeV
2LT: 2 ecal clusters, pg > 1.0 GeV,
2-cluster mass > 2.2 GeV

Online monitor plots

a F 4 L] ] L1 L] 1
ptsq of highest pt cluster (Ge¥*)

2-cluster mass
(GeV) —
Offline; Points: Re- *
quire VDS hits as-
sociated with clus-
ters. Histo: require
no VDS hits

Summary: Heva-B major technological challenge+
Hime pressure = unpleasant suvprises whick reguired
siﬂni{imul additional R+D
Neary mmplcie byend 1999 with aim

to stavt physics program incarly oo
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(3) HERHES diatntanﬂung Hre nudeon spin
J=la =2 AZ, +AG + 14
pr= (Y

gumks glllnm a.ug. momentum

Novel technigues:
¢ longitudinally polariseol e(f) -21.5GeV- Br So-60% ine-HERA
e internal storage cell with pelavised gas atoms
1H,2H *He: M. R=86% D 03-10" atoms/cw’
SHe: ? = h6eZ @ 33-10™ qlows/ecwd
e ﬂptﬂ,lﬂvﬁc Mcphnce spec‘wm:lu with ‘ﬂ:rl-ic.l: id,

‘ The HERMES Experiment |

" e
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o apparatus petforms very well.
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The RICH Detector %gfg@

Installed in 1998, the RICH detector employs a dual radiator
system and an array of 4000 PMT's to allow separation of «, K,
and p across the full momentum range of 1 - 20 GeV/c.
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D'emonstrating the fechnique:

e measuvement of +he inclusive spin struchure -ﬁ.uu@
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Polavised_semi - inclusive OIS >
o flavouv decomposition of guark polarisation
ef
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‘ Projections up to 2000' %M




Towards the ﬂhgh polavisation measuremeni AG

e s Td.?%-----"‘ ——* ff Q=0 (plrw*npmdud-anh)
-

¢ selech "hmﬂh" pr 6 and &

i QZ_‘&— » Mmensure asymmefry
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checks that have been performed on the data:

et — hT misidentification.

particle identification cut variation.

L
L
e momentum (~ z) cut variation.
¢ consistent result obtained using identified pions only

A,{gngr )



‘ Comparison to Phenomenological Fits I

AG _ £012+003 o (¢xe> = 0.3
*‘ﬁ OM41:0.12+0. iﬂ\mrﬂ.‘ B » 2.‘1&“1
8 [ --- GSA(LO) 1
< 08l - GSB(LO) -
| -== GSC(LO) ;
0.6 - —— GRSV(LO) std. and val. b

Error bar includes only statstical and experimental systematic
uncertainties. Unknown theoretical uncertainty from contribution
and spin asymmetry of anomalous photon and NLO QCD
corrections. If only a dilution, value of AG /G will increase but
significance of deviation from zero will not change.
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More HERMES Phr&sics vesulls:

¢ 5P'm -aimuthal asammc#ﬁr.s. (e.g. sensihve fo velahvisfic
spin orbit effech )

* - {:;mdnci{au (o, decay nnﬁulur clistrbutions , spin-
corvelations , wherewce cffech)..

o A- dependence of R: T

Tr

Futuve program:

@ imprauf. accuracy Df anﬁuur dﬂwmposil-im and AG
using Loaﬂ{l:udmaf.lg Fﬂlnria:diurﬁch

o brawsversely polarised davgeh ('H,'H lesked > P %)
measurement 0f T ( third kﬁdinﬂ—hfﬂ S¥
besides F, and 3,}

® unpnlariﬂcd {;qr?‘e.{s-.
study of N~ Polnﬁm-f-ian
nuclear e,ffecl for vechor-meson produchion.



(u) Collider _experiments Hi aned ZEUS
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+5 sbructure fun:,.#on nf profon
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¢ NLO p-QCD evolution describes datn

@ MGV

1

4

Lty m:-sifg

upgmdr.

Scaling
violation
by gluons

Bjorken
scaling

for Q%2 1 GeV*

o ot low x and @*» 1GeV: increase in p_nnriw df:usi-l-g

eq. for Q*=206eV"
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(&v= Y20 'I"Pml-ﬁn) ‘ q3 ~ 10
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Gluon confent of proton - 'F;d'm"
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ZEU —97 PRELIMINARY

—==— ZEUS NLO QCD

107 107

{ direct measurement via ep —e' 0
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Etrung muﬂug mna’mn{.q{a
¢ lavge reack /in scale (¢.90%)> runnings in single expt.
* many diffﬂ:ﬂl mcthods
 jet munl-'mg
e event sha
o scaling violation ( a high x where quavks dominate
&P precision measurement afles Emi"-um!a#
o ... v (with stot. exror of ﬂ.ﬂ'ﬂlgi )
ﬂ:uruph from di'id.:.ucuﬁ ZEUS ‘6/97 -date preliminayy
os(Ma) = 0.12020003(sh)* 0005 (cxp.) £0.003 (+h.)|
(world average ‘q8: 0.1+ 0.004)
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i Az, =* hads
“’-.1 [ e "#/ - O z shapes.nlor
i AR = 100 -
i I +.t o, Z{shdpes,resum)
“,_15 _— ................. . T ,_:,:T_ i ‘;':;" b "
[ constant a, it ¥ --*-“.."'jru-,,{, pt'
g e Tiag
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ZEUS 96-97 PRELIMINARY
MEPS o,,,
MEPSR,,, |
Mecarlo Models CDMR,,, |
HERWIG R, |
+3%
E Scal
nergy Scale 3%
' 2 2
w=050
Renorm. Scale ”3: 20 {22
PDFs MRST(o d,a,0.T) |
NLO Program Disaster++ I

0.120 £0.003 (star) % %992 (exp) * 9993 (theory)

L

1
IlIIlII___lllIII.IIIIIIIIIJ.III.III

0.4

0.06 0.08 o1 0.12 a.14 .16 0.18 0.2

o (M,)

ey



4s
NC and CCscattering al the elechoweak scale
from ~ugpk™ e'p and ‘If::ph"a:'p data:
ZEUS DIS Cross Sections
e ¢'p 9497

+ © ¢'p 9899 (prelim)
— CTEQ4D

=

=
=
III| |
]

{

neutral current

do/dQ’ (pb / GeV?)
~

10

=
th
|||| T ||||| |1|1rrr|'| |||||‘|] 1 n‘n'[
R
2
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L1l L cr el | I al

10’ I
* o.ﬂrc:m:ul with SM -Prcdl'c{-;ms (m} 6 ordeys of magn.)
(= extrachon of u,d with minimal assumphous forx-» I\
P luminosity W( events +eV-polarisa hion)
* EW —unifimﬁuh: Oem = Ouweak
o sensibivily to EW-effech:

* £C My, =807 33(sD): L3sqeh) 31 (paf) W !J
=844 £2.3(sb.)22.0 (syst) £ 3.3 (pdf) 2EU

My (spacelike) agrees with Mw ( fimelike)
important test of umivevsality of the SM

o 'l':m'rl's Ca (1] nmnmﬂhﬂt_‘. rourdiunt W cwmmes Toe oot ..
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|Partun Densities at High :f:I

6
5 =e=e=  NLO QCD fit [Botje]

4

| L eoe e Parton densities at

high x (especially d)

do/dx / do/dx(CTEQ4D)

=== Yaag-Bodek
! poorly constrained
(F§ — FI*™ needs e.g.

1 nuclear binding
g ]
g:: _ currectmns}
os 1 © | lim.sid/u=077 027
M 3 s M T J_I i i i3 als

10 1] i

At HERA : start to distinguish u and d in a single experiment !

Hl e"p 94-97
x=l) 25 ) x=lld
! I —_— i S
lI'-‘N:-": ot 0.4 :'— 04 :_

1+ (1 -9)*)X efzg ”E‘ 02 | Wﬂ—iwl
-3’&:.[: | E R = NPT
o 03 e : '..;-.: — Low Q' Fu |

- r a O
'LI:'{:?:‘;E il 04 - 02 b .
zii+ (1 — y)°zd ME.. oi b e _ ‘

F !
. 0.8 :‘l— EEH& — SR I ] i
Eoseess mxd oy | F eeees o xd | |
nlﬁ :L - 'ﬂl- ™ * | i
04 - LI L
E Ll LS PO I
ap T e
0 e = 3 badall : 1] L -1 ..._l_u.l..'_-!-.l._...lu.-._‘-..-l

13 10 1] 11}

@' 1 GeV O/ GeV

= Extraction of u, d at high = possible with minimal assumptions !
Promising with ,” £ ! ... And still more with &!

E. Perez 0 Desy Theary Workshop, 1999



Physics beyond. the SM - complementary 4o LEP/FNAL

o Lm:u?:c{'cd. phenomena

¢ Lleplo quarks, Leptogluons

¢ leplon flavourviolation

. ﬂ:d'k.d_ ltphhi

¢ SUSY (R-mns:winﬂ and. E'Ylﬁgﬂﬂg)

o contact inkvackous /subshuclure

Contact intevackions - seavch for new P'nﬂsiu » Spera
€ e

P only vectov terms
'BQ = o
—3 i . . "
[Ty Kc: ;. (e,]ﬁ:;) f.‘?ﬂfﬁ'ﬂ
q kg ( 13...}3)
| intufﬂznce EI ® DIS <0
& modifics do/dx d@*
_ — _
- (ToV) ZEUSE:GE 190407 e 15 (%2) scenarios
' J +
PSR T constrained by ZEUS
W | 50 (ALEPH:S2)  —fe—  (ALEPH:es) 47 | horizontal bars show
vA :‘-ﬁ . METCE— - = SCPPPPEIN TEE . r u &
AA | 37 (ALEPH:10.4) Hm 105 2.8 95% CL limits
X1 | 28 (D0:4.5) - D89 15
gl by T S . y -
X3 | 28 (ALEPH:87) — fo—faLepH: 100 29 | _® limits range
X4 |43 OpAL:TY) | —te— | ©0:39) 40| [ from 1.7 TeV to 5 TeV
X6 | 17 @or4t—o——|e—— (00:40) 28
Ul | 26 e 20| o NB:LEP (EPS'99)
2 i) | L. limits rely on flavor
U3 | 35 (OPAL:7H) &~ — =i 0 a7 .
U4 | 48 (OPAL:42) (OPAL:2.5) 44 symmetry hypothesis
us | 42 ; " 401 e (Prel.) constraints on
ue 1.8 | P i L ‘.. i i1l s g 24 1 . .
YRR YT R TRaer e R TR T chiral models (/) by H1

A’ (Tev?)  (useful: for combination)



Leploquavks and the high x,Q* excess in <p=e'X

x[ h.n] r Q% 15000 r Heh=lﬂi'£llﬁ:'ﬁfj 33‘0.“[
P 1 [ Nohs | Nee | Nob | Ny
HL Q496 4 |12 | 43208 | 3} | Q48:0.18
a4-q1 3% | 22 | mg:21] 8 | 301z05y
]
- o hi: 35 :nn excess remains,
2Eus a6 20 | 2 | ousioo | Y ?“L:E:LE:‘““
-9t w31 | 2 | 02910.02 ’ C

+ ho 513mf\oqhi deviations from SM in €p and CC

«P sct uppey Umits; cq {£

fust geveration leptoguarks

lfw BRW-LEY{ M o F=0 2315 /284 GV (V)]
A" iﬁ“cn * m uF F=2  290Gev (s) |
TeVahni: B Dt} CDF Combined
B=1 | M>225GeV | M >213GeV_|[M > 249GeV],
B=05| M >204GeV | M > 184GeV* . =
B=0 | M>T79GeV -

Lower Limit 95% CL

" evii only
All numbers for NLO calculations with Q2 = M7,

evolulkion

= Discovery reach at HERA requires small :3‘ B(LQ — eq)
e.g. # <~ 0.4 for Mpg ~ 200 GeV

HERA’s Sensitivity in “generic” models (i.e. g,

|=

=u Ecalar Lﬂ t:uur.lling to n +d

BLQ—-e+q)
© © o o
M B o .b. -

free parmnete:'}‘

PR Y

-

HI |

INOS|

uzﬂr e

discovery
poten kit
for lowe F
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Lepton {Lavour violation (LFV)

No events ep —»pejebex ov — o+ jetdwith kinemati
propevhies of 2— 2body process found
D> strngeut Limib for LFV ~leploguarks (m < s )
> anﬂml Lmib for LFV inkerachous ( m > [sue).

Oegivzgy =
BEST EXCLUSION UPPER LIMITS ON 1'1'!’ {in 10 GV )
Mo
FOR LEPFTON FLAVOUR VIOLATING LEPTOOUARKS
q9: 9; SI-I".'-.I..- 5”-1" §|m HFIJ.L- '-"u ;IID.II '||"|J_.
11 T—=RE T—= E2 L= & LS T—=me 1= e G
00032 00016 00032 0062 00016 0.0016 L2
HIi: 0046 | HI: 0037 | HI: 0062 | HI: 005 | HI: 0015 HU: 0013 | H1: 000060
12 t—=Ke| = Ke ft=EKEe] t—=Ks K== nvv
TEUS: 012 00 005 003 0.03 s | 155100
HI: D047 § HI:0O038 | HI:0063 | Hi: M7 | Hi: 0007 | Hi: 0udid | Hi: 00065
13 B==zeX| B=zeX | B—=wvX | B—=1&X B—|vX
. [ T 0und 0.0z .04 - 002
HI: 0065 | HI: 0065 | HI: 003 | HI: 0020 H1: 0.020
T—=Ke 1—=Ke t—=EKe| 1—=Ke K—= nv¥
‘1 musoM | 005 0.05 0.03 0.03 A | g5, 0"
HI1: 0,15 H1: 0,095 HI: 012 Hi: 0020 § HI: 0020 | HI: 0023 | HI:0.010
23 T—= ey =y
(03 i T TELS: 048 TELS: 033 TELUS: 02s IBUS:0.31 | ZEUS: 003
Hi:0E Hiz 1 HI: 0,13 HI: 0024 | HI: 0024 | H1: 0034 | H1: 0014
53 B=1t1eX |B— 1eX | B= IvX| B—=1tX « |B=Ivk
' . 008 1113 002 004 M 0ui2
Hi: 014 HI:0.14 Hi: 0,035 | HI: 0035 Hi: 0.035
1] B+ teX | B— teX Vi B——1teX L
- .08 o8 0,002 004 ' 0002
HI1:016 | Wi:006 | Hi:0022 | HI:0022 HI: 0.022
18 B=teX | B—tcX |B=IvE] B—1:X B—=ivX
. 008 008 o2 0,04 " 002
HI: 319 Hi:0.1% | Hi:0.08 | HI: 0026 HI1: 0026
t—=ey | t—=ey
33 . zuson | mmon | 0512 | o8 7 . ZEUS: 0.38
Hi: 023 Hi; 0,23 HI: 0.045 | HI: 0045 H1: D045

e Many indirect bounds considerably improved
. (also in some cases for e & u)
¢ High discovery potential for LFV LQs with M > /s




W - production ot HERA

man di agram:

gr F‘E-E-Iﬂ-w‘x = lph

e .

\\{ ot presenl& expect few evenls h]-'tﬁ%
1 51919.1'93;_: PHB'RIP.- isolafed ]cl:ﬂou

r missing\Brl from v

ZEUS H1
. Nobs | Nexp(Nu) Nohs | Nexp(Ny)
etp WNoe |3 |[32:03Q2) 1 2h=0.5(13)
W=u [0 | 4202(08) 5 08102 (0S)
cp Woe |2 |o0g:04(0d) | O | (0%02(04)
Wwep |0 |08:01(03)| O 0440.1 (0.2

s evenls dean and well measured

o ﬁiﬂunl‘: afp need more L “npaf[.dpj.

etp = utX




Haql

‘High Pr Isolated Leptnns'

H1 Observation vs. W prod expectation: (et data)

580 : =80
13 | a) o IS
L 5“

Lye ta
200 = 'Erﬁul-r[ 2 - 0
0 0 ii wil = i
10 10
M, (GeV) M(GeV)

NB : puj contains electron ! |, us : charge not determined
3 events at high Pr j.q (H1 Collab., Euro. Phys. J C5 (1998) 575.)

ZEUS Observation vs. NC and W prod. expectation: (et data)

ZEUS 150487
3| 3
'_., é_ : 3 ; H . Fﬁ '_ ; +
b - o '
. - _“]. :_ gl AL .u} l-_ .-\......:_ ]
Lye E 3 2z 3 E 4 “i,}f
_ | . g b
1{]_[}[] :": E'h“‘”m — il 1 -. A0 :_ I-.....-...
- L ;
P Aow o DELEE Y, N
:uaIIIIII. Jlll'llll 1“ EI--I JI Il.ll.llalal
o 0 il i ] . i} 100 1] o] i ] L] ] 4]
Trarsversa Mass  (GaV) Migzing P,  [GaV)
2 events at high Pr .4 {ZEUS Collab., DESY-99-054)

[ = few W candidates show an abnormally large hadronic recoil ! ]

E. Perex 15 Desy Theory Workshop, 1999



Next sleps (tentative planning)
999: —>wmid.Dec. e'p 215 x 206V

2000: mid Jan - Apnt [ -u-
2000: May : Tacﬂm shutdown for
HERA “F_%r

* increase I by -fnchr a4
o Epm vmtn%urs. j'nr Hi +2EUs ( HERMES)
< gl- :E'-I_E

" & Hiand 2EUS modificafious +upgrade
2001 : rum-in

nflu uw-in thu. ﬂ?ﬁd % ‘lsnpb-{/je:w.

% running stvateqy :
ee P ~2x Qoopb" 2-3years
€'ln p ol b 2-3years
o possibly FL measurement afler high Luminosity run
(Ee = 21.5Gev)*(Ep = 250,350,450, 820,920GeV)

lH:nr}
2+ Posl uparade runniui 2001 —» 1006 ...

s The LHERA mpu-]mc.nh run simultancous ( for Ep=3206eV)

[ D hous eA and e(f). {'ﬁ') are undev study , their
rmhsﬂhan will depend ou their physics pokeubal
and- on TESLA ].
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LRV

ZEUS detector upgrade

o im prove ‘l'rudfinj :
St - microverkx defecfor
fosrmmd strow *hﬂcﬁn‘

Conical ring structure

Central composite plate

° 'l'.urhinnﬁHg measurement 555{:.1" tnew -hgq:r
® remove forunrd prﬂhh /na&mnfpbug - dekeclor
* + mqng modi F’m“ﬂhﬁ to -bl'"mﬂ I'Hﬂ'jna":i lHi‘D dckdﬁoﬁ

rmew beam pipe.



ep é}é&u ﬂ;‘kr HEEH-uf_’SEﬂE (Hi/ZEUS).

Standard DIS
ep, € P yep,ep  0(looph™ cach).

weasure for NC: Tz, xFs,xG;, xHs ‘
-_Fr.hnm -Fbuul'-v
i J T ﬂt =
(Fu i runs at veduced EF} Flﬂ-bﬁ‘ﬂm

- — i
(CC: T, xFy BT BN ()| G

o sepavate u,d,s <distribubons inp for x 005 —»4
(without nuclear ﬂffccf':}
o G(x,@%) lndudins the hiﬂh x (x20.1) req 1on

e precision os(Q?Y) - measurement

for £=2Sopb™: Dus(stad.) = + 0002 for

3 Qt-inferrats ( 150 -2300 GeV'
300 - 300 GeV*
300 —nﬂnD{SmU'}.

© pfecisiﬂn measurement af a—ﬁhd*ﬂ-mupﬂinﬁs
nf w- awd d-gunfk [E-Puluﬁsn#iau ﬁnl"ns up o
a fﬁﬂ-#‘ﬂi 6 n Pvcciﬁiﬁ'h -ug_']
eyo th

o divect+ a'lmplc search -fof Hsh*-hﬂﬂd'ed weak current
(e.g. SH: o (€pp=vX)= a(elp-v¥)= o).

o Leptoguarks

o Leptow flavour violation
» SUSY in parhicular E.-vialn-l-r'ng scenario
¢ Ar anomalous yWW -coupling



qud the Standard Hodel 1

How well do present dale constrain oy (e p)
A.F. Zarnecki, hep-ph/9904334

Global fit (HERA, LEP,

Z3|— cpbestfi 15f &
<] :H 9% CL . TeVatron, low energy exp.)
with SU(Z) i

Temect/

do /dQ? at Q? > 15000GeV?
allowed to deviate by 40%

(et case)

4~

T Y e | PR ETEETY
w1 w1t w10

Q*[GeV?] Q*[GeV]

einetp: L ~ 100 — 200pb~" needed to observe such a deviation
e e p NCDIS : much more constrained by existing data
e significant effects could be seen with £ ~ lﬂﬂpb_] and polarized e

sl sl

Sensihvity to Leplogquark from deviation from o,
eq. for ¢'p and 250pb™ (unpol.)

X nayvyo distor tiou distoVFlow
E‘Fﬂd . pmt’ __ de/dx, dr/dy in do/dqt
I Y p— Sarssayg Dinicrricnn im bl I we—
E;mm;huinﬂ::r HERA e'p (unpad.)
250 ph!
4 ‘ed
< .i — ]
A
E-n 5 |
8 i
M ; i -ﬂ -:F- -:J_ L -Iq....-.l....“.-_d..u,._l.....-..l...._--d.._a.-..l....-.-hl

oo = iUl be oxcluded by TeVE

Figure §. Expected constraints on leptoquarks from HERA;; for an integrated luminosity of 250 ph-!.

The rejection limit curves are obtained by extrapolating recent HERA direct searches and Contact In-
tecaction resolts.

[unless 3, -B00eg)ul !



W5

Sensitivity to le :vﬁ?gunrl:s fmlh event Sighafwm

eq. LQ muruug o fira'l' and third ﬂfn.:mﬁ'an

LO coupling lo 8" +u, f +p =1

¢ For LFV LQs coupling to e and 7 :
sensitivity far beyond most stringent
indirect bounds

e For 174! generation LQs : discovery

potential especially at low G,

e ep collider = best machine to
. HERA'S BENSITIVTY BNRECT LT

Wl | oL e FROM T~ x o study LQ quantum numbers

[ Rkl B LT (single production, sign of e

[ toriw=ea — far b, =03 . .
o et beam, polarization,..)

B B A 0 B0 8D BN ZE M0 =0 h
(EPesea). "o (o)

Lepton flcwuur violation 4= SUSY wrlh R/P
additional term n supes F-alcwliné’ !
Wge =Aik LL; E,*rf*:'.-,h L;ﬂ;.ﬁ,*ﬂl:]k 1. D; O,
Ak =0 <D baryon number cowservrfios

HERA has a particular seusitivity A -couplings

Anomalous coupling at pWW -verfex

jar HERA at 1 f b similar sensifivify as
Tevatron at 167 for Ar.



Future Physics at HERA

Sensitivity to WHWy vertex:
Anomalous couplings: Ak, , A, parameterise

deviation from Standard Model

L5 |

L LEP2 125pb™
I 'HISZ scenarig

05 |-

A5 |

]
I I i i I. i i i

08 06 04 02 0 02 04 06 08

Competitive with projected limits from
Tevatron and LEP2

HERA physics 23



4.16

SLmenrﬂ

® HERA has achieved d:ﬁigm Pcr'ﬁ:rmu ce
o yuming expesiments perform to specificatious
® 2000: lumiﬂus-fhj upﬁrndc fm‘ cp wdx43 in L

*” 5 &qf Ht_m
® very \?roni Fhﬂsics program =P x 2006 .

HERR-B: htﬂﬂu{lﬁunur (h'}*Phr.jal'cs}
¥ in B°

HERMES : uniaut program - 5pinof nucleous

?Hiq-iEuE: 'bc,:’ond. ﬁmdumfuu&:'nu‘, low ~x -
physics, RCD, diffraction some opporéunites
for phywics bt‘.ﬂn\d +he Shndard Moclel

* options eA and e(tIN(t) depend on TESLA

+ physics Pol-uq#nl.




