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HERA is the unique e-p collider in the world

Running conditions

[ year |e'/e [E, x B, (/3) (GeV)| ___ L(pb ) 1
1993 e [26.7 x 820 ( ~ 300 ) 0.5
1994-1997 | et | 27.5 x 820 (~ 300 ) |37 (H1) 47 (ZEUS)
1998-1999 | e~ | 27.5 x 920 (~ 320 ) ~ 14
HERA ep kinematics
e’[k] et (7)[¥']
2 _ (kL2 —
7, Z%W) S e B
[Q] z = 58_% => M = /sz
y= g_% = 1+c<2:l0'.

p[p]
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H1 and ZEUS

The main subdetectors of both experiments are the calorimeters

H1 calorimeter

Calo [Lig. Ar
Cells (10°)| 44
oo(mrad) | 2-5
% (Emg) | 12% |
’%% (Had) | 50%
5 (%) 1-3

CELECTRON> X<

ZEUS calorimeter

Calo |Uran. Sc.
Cells (10°) 8
| og(mrad) 3
F) (Emg) 18%
_Q-Er(md) 35%
T (%) 1-3
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Excited fermions (1)

Discovery of excited fermions — Substructure
At HERA search for excited leptons and quarks
via a search of resonance production in hard ep scattering

e+P f*+X

(4]
Lo f+y,Z°W
. l e* e,V 3 V* v, e
e* v
YZ Y, ZW w Y.Z,W
p
P X

The search is based on the Hagiwara-Komamiya-Zeppenfeld model
The excited fermions are L/R weak isodoublets and have spin 1/2

Lagrangian: | £=x/a[fSU@)s + fUQ)y +fsSUQ)e] £

Where : - f, f* and fs are the coupling constants of gauge groups
- A the compositeness scale (f/A =1/ MF )

Assuming : f =1 for e* production (SU(2) and U(1) decays equally)
f = -f" for v* radiative decays (V*— V)

fs = 0 for q* production via e/w couplings
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Excited fermions (2)

The following decay modes were studied :

f* | Decay mode | final statc | signaturc
ey ey 2 c.m. clusters
cZ cee 3 c.m. clusters
evv |cm. cluster + track, ™= |
et eqqg | cm. cluster, large Ef* and M*ed |
vW evv |cm. cluster + track, P™* |
vgg | 7>, large Ep*? and M**
vy vy |cm. cluster and P™**
vZ vgg |IP™*, large Ef*¢ and M*e¢
cev | 2c.m. clusters and 7
vt vvy | not considered |
eW egg |cam. cluster, large E;*® and M |
ecev |2cm. clusters and 2™
gy gy c.am. cluster, large Epod
gWw gev | PP cm. cluster and large Ep*
g’ ggg | not considered
qZ not considered
q9 small Br assumed ( f, = 0)

For all the channels look for high Pt objects (electrons, jets) or high missing Pt

As an example of the analyzed channels the e* —e¢ Y

Look for high Et electromagnetic clusters.
The main background is QED Compton and NC DIS

Analysis | M(c*) range (GeV) | cfficiency (%) | # data cvents | # bekgd cvents
H1 25-250 27-79 223 239+ 6
ZEUS 100-250 60-79 60 68 & 2
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Excited fermions (3)

Events with 2 electromagnetic clusters

=
(=]

= H1 data (preliminary) :
3 QED Compton 1

dN/dM (/10 GeV),

2 EM clusters invariant mass  (GeV)
For all the other channels the observed number of events is compatible
with the background. Both experiments deduce no evidence of e*,v* and q*

L_> Upper limits on f* production cross sections

f. T""_TIttl"IIIIIIUII'I""ITI'III'!Il'l'll":
B f H1 data (preliminary)
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o*Br(e*— ¢ 7y <0.1Pb for M(e*) =250 GeV
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Excited fermions (4)

f/A<0.6 1021.0 10 excluded regions above the curves

H1 data (preliminary)

---------------

-~
"
------
...........
................

“xuumusmﬂsmnsz

¢ Mass (GeV)

if f/A=1/M(e*) — M(e*) >222 GeV

As for e* the vxand q* f/A upper limits are extracted (95% CL)

b e e e e T e e ey e ey
1 A e e e RAE RS B e e RS B - . .
- LA A i ity i, b H1 data (preliminary)
> : H1 Data (preliminary) é :
g L f=f f=0 5 r
Sot — q=q7 ! < I
3 = Q> qW / 0
10'15- -
10'4:-
10"5- .
o ettty a2
q Mass (GeV)
Iff/A >0.08 10" to 1.9 107 (GeV™") Iff/A >03 10’0 9 107 (GeV"')
60 <M(g*) (GeV) < 230 : excluded 60 <M(v*) (GeV) < 180 :excluded

With A=M(q*) and f=f =fs =1, the Tevatron excludes M(q*) < 760 GeV
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act interactions (1)

Interactions where the intermediate particles are heavier than the kinematical

limit : M >> 300 GeV. Deviation from SM to be observed via distortions of the

Q°“ distributions at high Q2.

VV A=2TeV '

weg
*Fogag. o
WA LT T L

10 10

2 2
Q°(GeV")

2

ab=L R
Lor = rg\i q_Zuld €ab(Bar" Ca)(@s7uts)| » (€35 = £1,0 92 = 4n)

Only vector terms considered. Strong limits beyond HERA sensitivity exclude

scalar and tensor terms.

CI type | e}, [elg|che | €hn | €ir [€ln | R | €hr
VW I+ |+ |+ |+ ]|+ |[+]|+]|+
AA |+ -|-|F+]F+H]|-|-]+
VA +|l=-|+|~1+|=]|+]~-
X1 +|(-(0D|D}|4+|~-10)|0
X2 +|0 |4+ |04+ |0|4+]|0
xs |+|olo|+]|+|0|0]|+
X4 D|4+|4+ |00 |4+|4+|D0
X5 O+ |0 |4+ 10|40+
X6 0|0 |4+|-10(0|4]| -
U1l +|=-=10|0}10|D|0D0]|O0
U2 +|/0|4+|0}]JO0|0| D)0
U3 +| 0|0 |4+ 100|000
U4 0O|4+|4+|0D0D]JO0O|0|0]|D
US D|4+|{0|4+]JO0O|0D|0D)|D
Use D 0|4+ - 0|00 D
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Contact interactions (2)

A(*) values obtained by fitting the NC data with MC (SM+CI) .

A ranges (TeV) at 95% CL
ZEUS| H1 [CDF|D0|ALEPH| L3 |OPAL
(prel) (prel) | (prel)
47 | 45 | 3.5 (49| 6.7 3.8 4.1
= 50| 25 | 52 |6.1]| 7.4 5.0 5.7
28 | 20 | 38 (47| T4 5.6 6.3
S.7 38 | 48 (55| 8.2 3.5 3.8
28 | 26 - - - - -
28 | 28 - - - - -
18 - - |3.9 - - -
2.8 - - |4.5 - - -
34 - - - - - -
3.1 - - - - - -
2.9 - - |4.2] 6.9 4.0 44
2.8 - - |6.1f 7.7 3.4 3.8
X4 4+ | 40 - - [3.9] 2.9 2.9 3.1
X4 - 43 - 4.8 5.5
X5+ | 35 - - -
| X5 - 33 - - -
“ X6+ | 28 - - -
X6- |=1T7 - - -
“ Ur+] 380 | - | - [ -
Ul - 2.8 - - -
U2+ | 40 - - -
U2 - 39 - - -
Us+ | 8.7 - 6.1 4.1
U3 - 3.5 - 4.9 5.8
||U4 + | 44 - 2.1 2.3
U4 - 48 - 2.9 3.2
Us 4+ | 4.0 - - -
USs - 4.2 - - -
U4+ | 24 - - -
US - 18 - - -

X2,X5,U1,U2,U5 and U6 done only by ZEUS

No indication for existence of contact interactions

Mass scale range is 1.7 to 5. Tev
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Contact interactions (3)
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Leptoquarks (1)

Leptoquarks : Bosons (scalars (S) and vectors (V)) coupling lepton-quark
pairs. Appear in GU Theories, Superstring E6 models and in compositeness.

Such events are indistinguishible from NC/CC HERA events.

But the do / dx distribution must present
a narrow resonance at

:l(=MiQ /S

1

da/dx (pb)

— —aq q
do/dy In 1y do/dy flat

-2
10 E
e e ° @ 03 03 DA 045 05 ass o8
\/ x=Mln

)
L |
EE Y A 'T:" a  Distinguish processes either i
3 by optimizing a y cut ;

|

Y>Yeu(M)

Or by angular distributions
given : y=1/2(14cos8™)

Use of the Buchmiiller-Riickl-Wyler model (fixed branching ratio 3 )
Fel prod/decay 8 F=?o prod /decay B
“1388 | ckan = cta | 1/2 ‘5”8;/2 efuy = ctu |1l F=3B+L
5.3 + +
il caur = e | L1 yukawa coupling
ciar = cta | 1 || “¥iSy, | eldp o ctd |1
A% | etdy — otd| 1 || 85, | chdn — ctd |1 ;
gy | chdn = otd| 1
-1/38¢ | ehitp = cta | 1/2 2
o ot o O(eq > LQ > €q) o qu(x)l |
- vd | 1/2

Constrain A with a known f or fix A and set constrains on
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Leptoquarks (2)

Events/10GeV

s
10 E oo f
E b
[ w}
r ous kE
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= nE
S
il
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Mass dependent y cut : W the)

Yout ~04 at M ~200 GeV

LN N AL L

Mq(GeY)

SEA QUARKS

J 1

AT PTEL T PSS T L I A A I

80 100 120 140 160 180 200 220 249 280.
My, (GeV)

VALENCE QUARKS

HI Preliminary

-
2
L]
-
¥ = | f“l‘TTTTT]-"T"—T'fT'TﬂT
w ;-|
=

ittt St L L
n e R PR

- —
e oo

FEPEN BT B

P | | P |

60 100 120 140 180 180

In BRW model (fiexd ) ®xcluded by TeVaien

240 280
My (GeV)

For )\ =~ /dxa,, My > 200 (2565) GeV for F = 2 (D)
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Leptoquarks (3)

Leptoquarks with free branching ratios : fix A and constrain

H1 Preliminary

: Leptoquark coupling to e* + d
% A1 I Y 1
® o.siE DO combined Limit -
; | H1 limit (A=0.1) :
o (NC data only) .
& 0.6 =3 H1 limit (A=0.05) o
04F "
\ ‘ A=0.1 ] |
0.2 8 \ error band ] |
s for d quark pdf - |
T e ‘ -« I TP RN P TE | |
t,75 100 1256 150 175 200 225 250 275 |
My, (GeV) ‘
; ptoquark coupling fo e* |
© ol | E=J Do combined Limit |
; | o H UMt (A=01) l
ur} ‘ (NC data only) |
= |

0.6 | == Hilimit(2=0.05) |/
ZZAA A ARG

0.2

IIIIIIllIlIlIIl._IlI‘

75 100 125 150 175 200 225 250 275

Mg (GeV)
Unexplored domain now covered by H1

Competition with TeVatron : A=0.1 corresponds to ~ 0.1 Oem '
For even smaller A, still high discovery potential for HERA |
Provided that B <<1
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Case where a scalar LQ decays by Lepton Flavour Violation :

LQ —= e+ q (Branching ratio Pe ) (Be + Be <1)
e T

LQ —= T +q (Branching ratio B; )

LO coupling to e’ + u

LQ couplingto e’ ¢ u

Indirect it on

Bl =00 Ay fx 2 x0)

~ Ayt B -0 for A, = 0.3
(] M=ot — A =010 =09
1 only eleciron channel l B3] =03
S I B,=p =05 1 t channel only
| EFEPES BTN BT AP U BTN EPUP RN SO AW 10" Lo o o b oo b oo o bas o ba s ol o b ot . 1.,
80 100 120 140 160 160 200 220 240 280 60 100 120 140 160 180 200 220 240 260
excluded by TeVatronfor i, =0.1, =0.9
: ';3 5 : M La (GeV) M(Sy2, Lyaen

For e.m. coupling strength (A=0.3) and Pe =0.1

M, o below 255 (237) GeV are excluded for LQ coupling to e'u (e'd)
If Be ~ 0.1 and B; high : High discovery potential at HERA

TeVatron limit < 100 GeV !!!
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SUSY (1)

® The SUSY superpotential : Wggy = Wyssm + WR/p

e The R-pari ty : RP = (-1) 3B+L+2S
MSSM : Conserving R-parity \e\ L"L,
e (@ — e + X’ 2
LSP= X, stable and undetected —
) .
| i
The cross section depends mainly on M(e€) + M(q) 0 {
R- parity violation :
e e (e*,v)
Wi, = Ay LLE+X, LQD +A5, UDD, e <?a<
: p : . (u) d(u,d
Single s-fermions production
(Rp-violating decay

|
et
A

fy

Qz fa
e’ probe mainly the x,jl couplings e'd — u,c, fL
o(ep—u ) o A,
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SUSY (2)

No evidence for squark production ———= Limits :
Rp violation searches :

H1 Preliminary

INDIRECT LINITS :
)"I‘" ( Bmv )
Mg My (APV)
(PDQ 96/ C.8 Weod et al. 97)

z"||1

1

-~

@
L P 1 P | adaa s Laca o b ol | Py

60 100 120 140 1680 180 200 220 240 260

Mouars (GeV)
A <0.2forM(q) ~260 GeV A;i< 0.02 for M(q) ~ 160 GeV

MSSM searches :

su - T 7 v 1 hInBI.:l‘l _h"l LG | ; i
3 ©  p=-100Gev] G
100 O m=35Gev 100
E  m=50Gev
g 90 D 90
(=
80 Fm BEEEEEERN N\ ....oomerereneranenies? 80
LEP 161-172 GeV
70 70
60 ]
%0 ' i
&0 80 100 &0 20 100 |
ma [GeV] my [GeV]

(M_.+ M& W2 <77 GeV For MI? = 40 GeV is excluded
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Isolated leptons (1) |

Since 1994 we observed unusual events with high missing transverse momentum (P™*)
leptons (electrons or muons).

etp = utX

Event MUON-2

Pf = 28GeV, Pf =67GeV, Pp™ = 43GeV

H1
- well isolated lepton + missing Pt + acoplanarity ( A¢ #0)
lll 2 muons
Data | Expected Data Expected
94-97 ¢t
H1 (37 Pb) le™ | 24405 |5 p(2p*,2p~,1p)| 0.840.2
ZEUS (47 Pb~") |3 et | 301 0.6 0u 0.8+ 0.3
08 ¢”

H1 (5.1 Pb71) 0e |0.37£0.07 0pu 0.14 1+ 0.04
| ZEUS (5.1 Pb~')[1e* | 0.5£0.14 0u 0.51£0.14

H1 sees a muon events excess while ZEUS does not.
need more luminosity in e'p and ep data.
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Isolated leptons (2)

Standard model expectations
(Lumi(MC) = 500 Lumi(data))
&> 80 - &> 80 ~
¢ [ ' ¢ [ 7 HI
B o |- B go |- e STk
i N T
' PSR S
0+ . . W 40 ——I" ‘" »:‘;':"‘w
' ,q;,% 35
= A ; .’J..“"#ﬁ 4
2 20 [ . W
0 i sl L 0 ra vl roa vl
10 10° 10 10°
M, ev(GeV) M,v(GeV)
—_— ',ll, |.l2, p.4 .

unlikely W production or y-y process
— U3 compatible witha W
(e'p — e'u’X)
Interpretations Beyond the standard model :

- Leptoquark production into p + jet : unlikely, the kinemtics are incompatible

- SUSY interpretation : R-parity violation single scalar stop quark production :
Compatible with e*d —t, —b, +W
With : M(t)=205GeV and M(b) =100 GeV
Kinematics not incompatible for :

M(i)=200GeV and M(b) ~90 -1 20 GeV
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——3= Accumulate about 50 Pb' up to May 2000

—3— Luminosity upgrade shutdown fo 9 months

—3— Start high luminosity regime on spring 2001
with about 1 fb™' up to 2005
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