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Excited Fermions

Substructure

of fermions

& high—mass excited fermion states f*

coupling to ground—state fermions plus gauge bosons

e*, v* production at HERA:

Model:

Lo =1 f2| F@V)sv,+
f'aV)vay,+
s (QV)SU(3)C] Jr

At HERA:
Assume |f| = |f'| and fs =0

reaction f* decay signature studied by
ep > e*X | e > e+ e+ vy H1l, ZEUS
et = e+ Z g e + 2jets H1
e > e+ Z .+e | 3e H1
e* > e+ Z_.,5 e + B H1
e* > v+ Wi | P+ 2jets H1
e* - v+ Wi e+ B H1
ep = v X | V' > v+7y v+ P H1
v* = e+ Wy e + 2jets H1
I/*—>€—|—W—>eu 2€+Et H1
v = v+ Z g P 4 2jets H1
V¥ >V FZ jore- | 26+ P H1
ep > ¢ X | ¢F =g+~ y+iet H1
q — q/ + W e+ Et‘l‘_]et H1
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Search for e* — e+ ~v (ZEUS)

Signatures: 2 isolated elm. clusters
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f* Cross Section Limits

No evidence for f* production
= 95% C.L. limits on (cross section)-(branching ratio)
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U. Katz, Univ. Bonn 5 Beyond the Desert 99



Assume model by Hagiwara et al. (f = +f/,

f* Coupling Limits

fs =0)

= derive limits on f/A

Compare to LEP results (eTe™ — e*e*, ete™ — e*e)
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HERA has discovery potential at high M.

U. Katz, Univ. Bonn

6

Beyond the Desert 99



Leptoquarks (LQ’Ss)

LQ’s = particles coupling to both leptons and quarks

Signal:
LQ production at HERA:| ¢  narrow resonance in

My, = /x5
e y distribution:
© ¢; — scalar LQ: ~ 1
LQ — vector LQ: ~ (1 —y)?

Background:

qj L e Same event topology
as for NC or CC DIS

e NC DIS: ~ 1/y2

Models and assumptions:

LQ's only couple to leptons, quarks, gauge bosons
LQ's preserve SU(3)¢ x SU(2)r, x U(1)y symmmetry

= For each combination of £ and ¢ generations:
14 different LQ species characterized by

F=0,%+2
: S =0 (scalar) or S =1 (vector)

=0,1/2o0r1
o (talk by V. Lemaitre)

Use LQ species of BRW but leave g free




Exclusion Limits from Tevatron

oc(pp - LQLQX)

g LQ q LQ
o independent of \;;, o(pp = LQLQ + X — eeqq + X) o 52
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H1l and ZEUS e4Jet Mass Spectra

H1:
e spectrum of M, = /z.s| 3%
for y > yeut
e ycut Optimized for
scalar LQ search
ZEUS:
e M,.; without y cut
e study y distribution
for M.; > 200 GeV
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ZEUS LQ Limits (15t Generation)
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bﬂ
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Very similar limits from H1
Sensitivity higher for F=0 (eTq) than for F=2 (e™q)
LQ’'s with elm. coupling excluded for M,, < 270 GeV (F=0)
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H1l LQ Limits (15t Generation)

95% C.L. limits on 8 =BR(LQ— eq) for fixed A\1; (F=0)
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First Look at the New e p Data

e~ p data provide sensitivity to LQ’'s with FF=2
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Good agreement with Standard Model predictions

= Nno evidence for surprises in the e p data
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Lepton Flavor Violation Search (H1)

Search for LQ's coupling both to eq and 7¢’
eTp > LQ+X 51+ X

H1 Run 195269 Event 55526 Date 17/07/1997

o E—p, =51 GeV
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= 40.9 GeV

o P
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H1l LQ Limits (37 Generation)

Use both e+jet and 7+jet samples to constrain
coupling of 3" generation LQ’s

Assume LQ only couples to eTu and 71g¢

LQ couplingtoe® +u

)
H1 preliminary
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10 -y, / LLEL
....... [ e B
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only electron channel
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LQ coupling to e* + u
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fori,, =03
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L Lo b b b b b b by
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o fix B =BR(LQ— eu),
use 8, =1 — (3,

e derive limits on A, = \11

fix )\11
derive limits on A3

HERA has unique sensitivity to

lepton flavor violation in the e — 7 channel




Contact Interactions (CI)

eq CI at HERA: CI can represent:
e Heavy boson exchange

e Leptoquark (s or uw channel)

e Interaction of composite
electron and quark

Historical equivalent:
4—fermion interaction

Effective Lagrangian:

2
L= bZ Moy (Eav ea) (Gpyuap)
a,b=L,R
q=u,d

>

e 7!, =+1,0 and g° = 4r by convention
e Only chiral vector couplings considered
(avoids e.g. severe constraints from =« decays)
e Interference with SM constructive or destructive

e BRW LQ species correspond to specific 7/,

U. Katz, Univ. Bonn 15 Beyond the Desert 99



CI Scenarios

CI || n% | % | M | Mee || M5 | Mm% | & | Mee || Studied by
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RR|lo|/o|]O|+|]| 0| 0| 0]+

Wi+ |+ |+ |+||+|+|+]+
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X6 0| 0| + o 0| + ZEUS
ui || + o] o0oj|o|o0|0|oO

u2il+ 1 o0+ 0j]]l0] 0| 0] O

usiff+/ olo|+1loj]o0o|O0]|oO ZEUS
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Marginal effect if including
Severe limits from Atomic Parity Violation if

(in particular for pure LL,LR,RL,LL scenarios)




Contact Interaction Analyses

ZEUS analysis:

e Input: raw distributions without

acceptance or migration corrections
e Simulate CI's by reweighting MC events
o Determine log—likelihood: LL(41/A?)
e Limit setting:
One—sided 95% C.L. limits from MC experiments

£
3

-

A

10 ZEUS e*p 1994-97 |
vV '

8 —  2-dim. fit to (x,y)
' - 1-dim. fitto Q% ;

e Binned LL in Q2 i
e Unbinned LL in (z,v) 4}

e Very similar results

WS

N %
e b e b by |

-0.15 -0.1 -0.05 0 0.05 0.1
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H1 analysis:

o >—fit to do/dQ?

e Two—sided 68% and 95% C.L. intervals from x? contour
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1.2 | | 2.4‘:
L L L L ‘ L L L L ‘ L L L L ‘ L L L L ] L L L L ‘ L L L L ‘ L L L L ‘ L L L L
14 075 05 -025 0 025 0.5 0.75 1
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=

e best fit
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95% C.L.

e Dbest fit
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CI Limits from Other Experiments

VA

AA —
X1 —
X2
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us |
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us
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LQ Limits from CI Studies (H1)

Transform CI limits for the LL,LR,RL,RR scenarios
into limits on LQ mass/coupling (M, ,/)\)

Needed: CI limits for v and d quarks singly

— 4T __ M
(Mab)lim = im =a- ( AQ)”m
LQ | F coupling coupling (M. o/A)iim
to u to d (GeV)
Sl 2 app = +1/2 — 598
St 2 || arr = +1/2 — 554
St 2 — arr = +1/2 202
Sio | 0 arp=-1/2 — 294
S5 1 0 || arp =~-1/2 | apr = —1/2 308
51| 0 — arr = —1/2 416
StV 2| arp=+41/2 | apn=+1 385
V;L 0] — ar;, = —1 655
Vil o — arr = —1 547
Vil o arp = —1 — 299
V1L/2 2 — arr = +1 345
Vf}'z 2 arr — -|—1 arr — +1 859
Vio 2| ar=+1 — 952
VlL 0 ar = —2 ar;, = —1 400

These limits are not applicable for M, < /s

and are questionable for A > 1

Strong(er) limits can be determined from APV
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Conclusions and Outlook

HERA opens new kinematic domains for the
search for new particles and phenomena.

No hint of “new physics’ in the search for
excited fermions, lepton—quark resonances and
contact interactions.

Observed deviations from the expectations are
not consistent with these hypotheses.

Exclusion limits based on about ~ 40pb—1 of
e+p data per experiment have been reported.
They exhibit similar or better sensitivity as
searches by other experiments.

We have ~ 15pb—1 of e p data and expect
~ 40 pb~—1 of new data until 2000 (mainly e*p).
After 2000, HERA will deliver increased
luminosity and e polarization.

We are looking forward to an exciting future of
exotic physics at HERA



