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e “New Physics” processes (new bosons, compositeness) with
characteristic E scale > /S : parametrised as a Contact Interaction :
e'e

Only Vector Terms considered :
Lor =% 05 (En*e)(37u45)
(.,7 =L, R)

ncanbe =0,>0o0r <0

Same formalism can be used in

q PP q ep, ete~ and pp collisions

e CI interfere with Deep Inelastic Scattering (DIS)
( | CI | + Interference = CI affect do/dQ* (and da/da:)J

Look for distorsion of Q2 spectrum, set limits on A with n = +4n/ A?

e Several Models considered (combinations of non vanishing 7’s) :
VV,AA, VA = vector or axial currents

LL,RR,LR,RL = pure chiral couplings

U; = 2 ng‘é # 0, P conserving combinations
X; = same as U; with 7535 = 772%

e Results can be translated into upper limits on heavy 17%* generation
LQs (MLg > /) or on quark radius

e Can be used to look for virtual exchange of Kaluza-Klein modes of
gravitons in models with large extra-dimensions

E. Perez 1 THERA, 15.04.00
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Contact Interacti

Ilustration of the deformation of Q2 spectrum in the HERA regime :

A.F. Zarnecki
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lContact Interactions : Prospects I

A.F. Zarnecki

GLORAL ANALYSiS BY & 28kNecki  (EPT C, Vel 41, (gss) 531 ;

updlabed an-ﬁ,w wild ascont dio- (= ¥ ausl CCDiS)

CI \" Current limits Future limits
Model Global analysis HERA TERA
A= [TeV] | A™ [TeV] | A~ [TeV] [ A" [TeV] || A~ [TeV] [ AT [TeV]
drr 23.4 8.6 3.0£0.4 | 2.6%+0.5 7.1+1.2 | 5.8%1.3
dLr 19.7 7.8 2.7+0.3 | 2.04£0.2 4.2+0.5 | 3.7+£0.3
drL 7.7 20.5 2.1+£0.2 | 2.5+0.3 3.6+0.3 | 4.2+0.5
drr 9.1 17.6 2.5+0.3 | 1.8+0.2 5.8+0.8 | 4.5+0.4
uLL 14.9 11.5 5.2+0.9 | 5.2+0.9 9.6+2.1 | 10.2+1.8
p { ULR 17.0 8.1 48+1.0 |5.1+£09 3.9+04 | 4.9+0.7
URL 7.4 18.4 3.7+0.8 | 4.4%+0.7 4004 | 4.5+0.5
URR 7.2 213 || 4.5+0.8 |4.7+0.8 9.1£15 |
qLL 26.2 11.3 4.0+1.0 | 4.6%+0.8 5.3+0.5 | 8.8%+1.3
qLR 26.0 11.0 3.5+1.1 | 4.8£0.8 4.5+04 | 5.2+0.6
qRrL 10.6 27.5 3.3+0.9 | 4.6+0.7 4.43+04 | 5.4+0.7
\ qRR 10.7 27.2 3.6+0.9 | 4.4%0.7 5.6+0.6 | 8.7+1.3
|4 8.3 14.5 7.6+1.4 | 7.8+1.3 i§.6:1:2.§ 12.3+2.1
( AA 11.2 10.8 6.9+1.3 |[6.7£1.3 6.3£0.3 |1
VA 5.8 6.3 || 41404 |4.0+04
X1 8.5 8.6 5.1+09 | 4.8%0.9 5.6+0.3
M X2 l 6.7 10.8 5.1+£1.1 | 5.7£0.9 5.7+£0.7 | 9.5%1.5
X3 8.8 12.0 59+1.1 | 6.2+1.1 7.8+2.5 | 11.5+1.9
P } X4 6.2 10.0 59+1.3 | 6.4+1.1 6.61+0.8
X5 5.6 9.1 5.1+1.1 | 5.7£0.9 [9.241.4
\ X6 6.8 5.4 4.5+0.9 | 4.8%+0.8
Ul 6.3 13.0 5.6+1.0 | 5.5+1.1 9.8+1.7
U2 7.3 15.6 6.0+1.0 | 6.0+£1.0 10.5£1.9
U3 8.9 19.8 7.0+1.2 | 6.9%1.2 13.2+2.4
U4 9.2 8.5 6.4+1.2 | 6.5%1.1 6.0+0.8
U5 6.9 14.9 6.0+1.1 |6.1+1.0 8.41+2.0 | 9.8+1.7
\“ U6 11.9 58 | 47409 [49209 || 9.0+15 | 6.1+16 |
- —— e —— — . D
HERA . 400'!{‘ e’p THERA €p
¢+ Loo 'Ld 2% 20 x loso GV
Js 400 'L“
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. foR MODELS VioLATING PARITY . LINITS FRoM  GLABAL ANALYSLS
ALREDY BETTER TUAN LiHAS EXPLCTED FRoH  HERA

AND THoRA
— DUE To VERY PRECISE PPV TEASUREMENTS

. FOR MoDELS CONSERVING PARITY

—s PoSSiBLE DiSCoVERY AT THERA iN HANY HodaLS !
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CRUDE ESTIMATE OF UPPER LitiT ON QUARK RADIUS :
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Leptoquarks : BRW Model

F = -2 | Prod./decay | B(etq) | F=0 | Prod./decay | B(e*q)
Scalar Leptoquarks
1138y | efap —»eta | 1/2 /35172 | ehur — etu 1
efir — eta 1 efur — etu 1
4/35'0 GZCIL — e+J 1 2/351/2 eIdL — e+d 1
438, | efdp — etd 1 213815 | efdr — etd 1
138, | ehap > eta | 1/2
Vector Leptoquarks
Y3 /2 | efdr — etd 1 2/3Vy | efdr — etd 1
etdr — etd 1 etdp > etd | 1/2
1/3V1/2 eftip — et 1 5/3V/, efur = etu 1
1/3V1/2 ety — et 1 3V | efur — etu 1
23V; | efdr v etd | 1/2

Classification by Buchmiiller-Riickl-Wyler (Phys. Lett. B191 (1987) 442.,
Erratum Phys. Lett. B448 (1999) 320.) under the following assumptions :
e gauge symmetry SU(3) x SU(2) x U(1) (must be!)
e renormalizable interactions (must be !)
e L and B conserving (proton decay ..)

e pure chiral couplings (helicity suppressed = decays...)
e family diagonal (FCNC ...)

e couple only to SM fermions and gauge bosons (strong !)

= 10 isospin families (5 scalars, 5 vectors)

In BRW : 8 = BR(LQ — e(v)q) is fixed (=1 or =0.5)

NB : Possible to relax some assumptions (see e.g. T. Rizzo)

= other possible decay modes, § variable




}“Ilm

Leptoquarks : BRW Model
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Leptoquarks : BRW Model
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COMPARISON OF BoTH STUDIES FoR rltq <\
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Lepfoquaﬂﬁé . BRW Model

(oMPARISON OF HERA (2x fov gb) , THERA [ep, So0x1000.100s
AND  (URRENT  LITUTY ’
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APV HEASUREMEVTS IN  ATOHS .
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Leptoquarks : BRW Model
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Leptoquarks : BRW Model

A.F ZARNECKT

HERA 2x400 pb™
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Current limits
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Leptoquarks : Generic Model

HowEVER : ZF No L@ DiSovERED O LHC, DifficulT To SEE
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CoNCLUSioNS ON  LEPTOQUARKS -

. Two STUDiEs HADE ) e W0 W o« S0V
1 ep $00 W x 1 TV
VERY WELL ConPATBLE

. ef CoLLiSToNS  PROVIDE  BETTER SENSITIVITY oV s
(oVPLING TO 11 e f:O) THAN cr CoLLiSTONS
FoR Lgs CooPuNg TO &q (e IfI=2)

BIT » LQs ARE PROBED N EACH CASE

. THERA COULD EXTEND MuCH BEYoND THE “SiNvAL
DoHAIN" OF APV  MEASUREMENTS

. IN THE BRwW HodDEL (BR (LQ-—yul) « 4 O0R '1/2/
— DifficwT To DiSCoveR A Lg if NOT JeaN @[HC
— HOWEVER THERA WoulD BE THE iDEAL MACHWE
To DiSENTANGLE BETWEEN 3 L@s

A DiSCoVERY POTENTIAL CoulD A FPRioRi REMAIN

FoR  L@s HAving A smaL  BR[Lg —2q)

(amd gm‘r lnwﬂm in homndy * ({a THERA |, mne
jfw)% fn Lﬂc) e Las BEYOND THE BRW MODEL
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R-PARITY VIOLATING SUSy AT THERA 7
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Figute 5: The same as Fig. 4, but for the LHC. The SUSY mass spectrum is described in the
text. The gluino mass is varied between 400 (600) and 900 GeV for &, (£3)-pair production.
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Fermions substructure = Excited [, q (only spin 1/2 considered)

In ep collisions : single production possible, followed by f* — f(f') +V
= Search for fermion-boson resonance
e* v*
w
p
Phenomenological Model : Hagiwara, Komaniya, Zeppenfeld
1 -
£= L RlfSU@)L+ FUWy + fSUG fo
, __ZEUS 96+97 Preliminary 1 ZEUS 98+99 Prehmmary
3 ML TT7 ;l E
(f f) 3
= 10’1 3 10 E . ~ E
E -2’ é -2 b/” )
<0 <‘° f%wﬂe'pg .
10’ “ey . 10° - —
g ] g V' —=vy 3
LEP 189 GeV ] i (f=—f")
e T T T R T R T R TRRET™ 10-:oo e e 80 200 2;0 g
¢ Mass (GeV) v* Mass (GeV)
(;{zM( = = M(e )>229GeV}(£=M(V*)=>M( *) > 161 Ge\"J

e For ¢*: will be very severely constrained at LHC
e For v* : better sensitivity with e~ than with e*

(a(prod v*) is ~ 100 higher with e™)
e For e* and v* : no limits besides those obtained at the end of LEP2

NS, No LiMiT o e¥/u* FRotl Tavabume = ASSUME No Citit FRoN LHC {

(=> Discovery Potential for THERA !J
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SINGLE ToP PRODUCTION AT THERA

€p, 550GV x 320 GV
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Search for FCNC processes:
single top production

ee—>tc >Wbc—qqbc
—->lvbc

When E_,> M(top) then this channelis kinematical accessible

hadronic Semileptonic
E., _DATA MC DATA MC
192 1 15 1 0.6
196 4 3.8 0o 1.7
200 2 5.0 2 19
202 5 26 0 10

c(ee—>1tq) < 0.32 pb

Br(t — Zq), g=c+u, DELPHI PRELIMINARY
e otq E_=192-202GeV

BR(->ZQ) o.35}

CDF

os._
L]

S
0025
3

[

0.2
L d

a

0.1s |
0.1

168 170 172 174 176 178
M, GeV

m

LEPC, 7-March -2000 DELPHI, Chiara MARIOTTI



> GENERAL LAGRANGIAN foR ToP FCNC iNTERACTIONS.
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PRODUCTION AT LEP AND HERA
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Constramts from LEP2 on o(t) at THERA

[ I T T f [ 1 L 1 ] 11 T 0 I T T ¥ I 1 1 1 I i i 1 I T J L) I T 7 L

0.9 Energy = 189 GeV
0.8 Limit on K, (notation Hewett et al., PRD 1999)

a E
0 -
> é
Y 3
< ;
> 0.7F E
£ E
g_ 0.6 E 3
o O05F 3
o - ;
S 04 3
3 02F 4x170pb” CDF limit fromBR(t>qy) J

0-1:11lllIllllelLIl[lll[llllllllllll]ll
200 400 600 800 1000 1200 1400 1600 1800 2000

L integratea (P ™)

0.6 pr— I L B R R B B
Energy 202 GeV

------ CDF limitfrom BR (t - q V)
(Limit from b — sy = 0.1, valid for t-c-y)

llllllllIllllllllllllllllllllll

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

Viax,,=0.25:
Cruena (6P > €t)=20.8pb| | 4 309 pb !

T R . /AN S R S
200 400 600 800 1000 1200 1400 1600 1800 2000

L integratea (PP

Limit on coupling (95 % CL)

lllllLlllIl lllLl

-
S’



0.05
A t )
K I :
[\ (b) LHC ]
0.04 -\ -
h N Carypoels o ]
L N kpc 001 Wik amy ]
0.03 VE —
\ movmal) safion, :
0.02 i . x‘zo.g .... ——
0.01 5= =

-lLllllllllljllllllLllll ow.lll ‘2 a0 5 &

0 10 20 30 40 60 O 1oozoom4nnm(
Luminosity (v~ 1) Luminocity (M)

BUT . LHC will ikve LitiT ov BR (€ 4 ) /
T Hao ool PDSS (4993) 9241

. . . .. N e
oot - n e et it Ol
TR ey ‘- s"'"'.e "':-_3-‘*-."".3) -t SISy -v-rJ- ez e

LHC 400{5 = k( <ooi /wlcm)

WiTH kr £ 001 6:”'&4 {ef > ¢ ") Jb 40'2{L l

= VERY UNLIXELY To OBSERVE ToP PRedUCTION Vi
ki AT THERA IF LHC DOES NoT HAVE EViDENCE

fol 1(6,10 '




W PRoDuCTioN AT THERA

6(w) FRoM EPVEC

D. WATERS,  OXfoRD

HERA ='p THERA  <*p
as x 320 W 250 x 920 &V
w* (is) 0.33 ob 6.13 o
wW° (BiS) 0.32 o4 .83 p
wt (Res) 0.45 ¢ 1. 5‘1 b
w” [REs) 012 ¢b 1.0
ToTAL | v 1 ~ A4 P"

5 EXPET o IS0 eveks Woev  pm 400 pb”

SENSTWITY T0  ANDMALoS  CoofLilg !

STUDY i UNDER WAY ...

(D ummg |

Lo FALL MeeTNG

N6. D wATERS MD U 8AuR EXPRESSED
CONTQIAUTING  TO PROCEEDINGS

INTEREST M



| CONCLUSTONS

CCONTACT INTERACTIONS:  EXISTiNE DATA LEAVE SortE
RO0M FoR A DiSCoVERY AT THERA N HANY (.0 FHoDES

A P To Ak TV CAN BE PRoBED AT THERA |

LEPTOQUARKS ¢

—? ot A PRiORI MORE SEVSITIVE THAN ¢~ DVE TO
NECATIVE (12 INTERFERENCE
( BT . Ll ARE PRogED)

5 DIFficorT To DistovER A ResonANT Ly (Mg ({Q
AT THERA N SMpeT ModeELS LHC.../
QUT  THERA WolL) Allow To DIRNTANGLE L&

= THERA CoULD (oNgiDERABLY EXTEND THE “SIENAL
REwon®  IF  AQ,, DUE ™ ALlg
. &y Susy : MY O JSote Hote IF LikwT 3

BUT SEEMS DIFFiCILT

. SiNLE ToP via Ky - DiericLT  APTER LHe |



W fReuciioN €~ ASph
SENSITNY  To ANotLws (oPLings 7 ONDER WAY...

. EXCITED FERMONS:  THERE Wil BE MO LiiT oN et ¥
BESIDES THOSE OBTAWED . AT THE VD of Lep2 |

THERA COULD DiscovER (OR C(ovSiDERABLY EXTEND
LTS oN) =* /"

9 ep 2 « 90 v X 30,8

e* W To S0 Gv R L -t
He A

v 0P To Soo G\ PR :1/ : _/_\f

»?

e*/v¥ . THE BN DISQVERY ROTENTIfL
ok THeRA !

NB. Clomnent fRoHt ULi - CHEUC WETHER LHC W ReAlly
NIT CoNSTAAN ¥ /¥ /
IS THERC A 60) pCASON WHY W UniT W
&y Hom TeATRW ]




