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l Introduction to Leptoquark I

General LQ Model HERA

- Color triplet carrying both B & L number. ¢
(F=3B+L,F=2 or 0). Decay to eq or vq . LQ
-e"p—F=2LQ,e"p — F=0LQ q A

(valence q > > sea q)
Yy = %(1 — cos 6™)
0”: e scattering angle in eq (v q) rest frame. LEP

- Scalar LQ: flat iny -

Vector LQ: (1 — y)? 7

NC DIS (Background) : ~ 1/4? + q
6//‘\\

Buchmiiller-Riickl-Wyler (BRW) Model

Narrow-Width

-Approximation:
i
# I

11y . 7 / A% T
- SU(3) X §U(2) X U(1) Invariant | 7=l
- 14 species, 7 scalars, 7 vectors.
- Decay: 100% to eq, or 50% to v q & eq, q: quark density, J: spin, S: center of mass

3 fixed. energy

Search for LQ and ClI at HERA
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-y (or cos 8%) cut — big reduction of NC DIS background.

-Final LQ efficiency ~ 50%.

— Set A limit for F=0 BRW LQ.
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F=0 BRW LQ limit from HERA e*p
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‘H1 has LQ limit to 400GeV with 94-97 etp

data. (Eur. Phys. J. C11 (1999) 447-471, 07/99)

-H1 & ZEUS has limit on F=0 vector BRW LQ.

‘At Mro > /S, LQ-SM-interference
dominant.

Search for LQ and Cl at HERA
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- M, , Spectra shown in previous conferences, both H1 & ZEUS no evidence of LQ.

Search for LQ and Cl at HERA
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Limit on F=2 BRW LQ with eq+vq from HERA e~ p

Combine eq & vq channel (3.,,3, , fixed) — limit on F=2 BRW LQ.
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General F=2 LQ limit from HERA e~ p
ZEUS
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General LQ Model (No B1q-,., constraint)
-Assume 3., + 8,, = 1 for combination.

At X 0.31, M up to 295GeVexcluded, independent of 3.
-HERA sensitive to both eq & vq .

-Tevatron result independent of )\, but less sensitive to vq
— degrade when 814, ., small.

Search for LQ and Cl at HERA
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I F=2 BRW LQ limit from LFV with HERA e~ p l

ZEUS
Search LQ through Lepton-Flavor-Violation jl ] lszéﬁsl(gréx.;;-l;l;Qs:g; T
—— /_L_
LQ _
N “/\ 10 +
q(dy” 1 “uaN(d, s, b) :

- Almost no background. — ADuNoeN
- No events found in e p. | 10 ¢ E
e Assume AG‘]:Auq':O's! E .............. (12)K-—)Me E
Mo 260GeV-280GeV and above excluded. T AYB—spe ]
q' =d,s 3
— strict limit from low energy experiment. 10 5 ;

.q' = b — HERA superior to rare B decay.
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Search for LQ and Cl at HERA



l Contact Interactions at HERA I
Standard Model 2 _'_

2, e:I: o2 o q q
ddzc(dQ2p) - 2azQ4 {(1 + @1 - y)z)F2(‘13’ Q2) FA-(01- y)z)vag,(cc )}

Fy(=, Q%) =1 2waf (@, @) (v + (v 4+ (ab)? 1 (aB)2)

f
“F3(QY) = Yedr@ @) (VAR - vEALl 0% r ot porpegaion)?

Contact Interaction , 2 Q2

Vf =eyf —(ve + ae)'UfPZ(Q ) + '8';;;(77[,13 + nLR)
Q2

V]ﬁ =ep —(ve— ae)’vfpz(Qz) + g;;‘(;(’?RL +17RR)
Q2

A? = —(ve + ae)afPZ(Qz) + g;;‘("?LL —MLR)
2

A? = —(ve — ae)afpz(Qz) + %(WRL ~ MTRR)

Contact Interaction: physics with scale A >> /S

SM ~ 1/Q"; CI: some terms independent of Q>
— Effect at HERA Highest * Region




l Limit on CI VV Model I
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- Compositeness: VV
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- With all HERA data, search deviation at highest Q? region.
- Probing distance ~ 1/Q ~ 0.001 fm, with Q> ~ 10*GeV2.
- 95%CL Limit: ZEUS(H1) A™=7.0(9.2)TeV A1=6.5(3.0)TeV

3 4
10 10

Q? (GeV?)



l General Contact Interaction I

Coupling structure 95% CL [TeV] ZEUS(H1)

Model mif % wgh gl mS%  n$h  wem  afh A= At

Vv +n +n +n +n +n +n +n +n 7.0(9.2) 6.5(3.0)

AA +n —n —n +n +n —n -7 +n 5.3(3.5) 4.6(5.8)

VA +n —n +n —n +n —n ~+n —n 3.4(3.9) 3.3(4.0)

X1 +n - +n —n 4.0 2.7

X2 +n +n +n +n 4.7 4.7

X3 +n +n +n +n 4.3 (5.9) 4.2 (2.0)

X4 +n +n +n +n 5.6 (7.4) 5.6 (2.1)

X5 +n +n +n +n 4.8 4.8

X6 +n —n +n —n 2.6 3.9

U1 +n —n 4.1 3.6

u2 +n +n 5.8 5.3

u3 +n +n 3.8 5.2

u4 +n +n 6.4 5.9

us ,, +n +n 6.0 5.5

U6 +n —n 28 3.7
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ZEUS H1 achieve similar results.



Large Extra Dimension & Quark Radius

Same technic (searching high Q* deviation)
apply to LED & R,,.

ZEUS 95% CL.:

Mg = 0.82TeV, M} = 0.81TeV
H1 95% CL:

Mg = 0.93TeV, M7 = 0.63TeV

;1 Form factor due to finite charge
distribution.

2
f(Qz) =1- _I_Z__Qz, R = /’PZP(’P) 47rr2d'r'

ZEUS 95% CL: R, < 0.73 - 10" '%cm
H195% CL: R, < 1.6 - 10~ %cm

N/ NCTEQSD -

N/ NCTEQSD -

[=]

-

o

-

ZEUS Large Extra Dimensions Limits

- 7' e 1994-2000 e*p prelim.
T X 11::::2’1’.*:-_-_*.: 1 T M; = 0'82 Tev

- 1 — M{=0.81TeV

- ——1—1 0.8

10 10* ®

Q? [GeV?]
- 4 + 7' e 1998-1999 ep prelim.
ST X K S S 1,
S f B 5
10 10"

Q? [GeV?]



High mass LQ Mo >> +/S — CI

Ao \?2
eq __ _eq Q _
T’mn—'amn'< m,n_L,R
Mo
1 -
a==2—, 0or +1
2
M
Limit on 52 (Tev):
LQ
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Leptoquark & Contact Interaction Summary

- HERA 1: ~ 110 pb~ ! etp, ~ 15 pb~! e p

data per experiment. No evidence found for

LQ or CI. . Constraints on Scalar Leptoquarks

- In general HERA has better LQ limit than LEP.  +
- TEVATRON limit depends strongly on 3.,
insensitive to LQ — vq.

- HERA 2: Luminosity upgrade, ~ 1 fb='in ~
5 years, with ZEUS & H1 detectors upgrade.

B ZEUS limit
(Prelim.)

A0 LEP indir. limit
_ TEVATRON limit

@sﬁ TEVATRON le:
=100%, HERA

q

EEEE H1limit
(Prelim.) .

“&z HA1 limit (94-97) -

Lo o Lo a b v by g by v b

175 200 225 250 275 300 325 350 375 400

—+ HERA will compete with TEVATRON for new M, (GeV)
physics!
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' Introduction to Leptoquark I

General LQ Model

- Color triplet carrying both B & L number.

(F=3B+L,F=2 or 0). Decay to eq or »q .
-e"p—>F=2LQ,e"p — F=0LQ
(valence q > > sea q)

- Scalar or Vector LQ.

Buchmiiller-Riickl-Wyler (BRW) Model

- SU(3) X SU(2) x U(1) Invariant

- 14 species, 7 scalars, 7 vectors.

- Decay: 100% to eg, or 50% to v q & eq,
3 fixed.

HERA

TEVATRON

LEP
W
+ q
e/)‘\\

Narrow-Width-Approxim

q LQ
q

q: quark density, J: spin, S: center of mass

energy

Search for LQ and Cl at HERA
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ZEUS . SCALAR LEPTOQUARKS
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-y = 3(1 — cos 8*), 6*: e angle from LQ decay in CM frame.
- Scalar LQ: flat in y ;Vector LQ: (1 — y)? ; (Background : ~ 1/y? (Neutral Current DIS))

-Cut on angular (y or cos 8*) — big reduction of NC DIS background.
-Final LQ efficiency ~ 50%. |

Search for LQ and Cl at HERA
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F=0 BRW LQ limit from HERA e*p
ZEUS H1 SCALAR LEPTOQUARKS wnth F_o
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] 10 Voo .
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-Extension to > /S via virtual exchange in s- or u-channel.
At Mg > \/S, interference of LQ with Neutral Current dominant.
-At EW coupling strength 0.31, LQ with mass up to 290GeV excluded.

Search for LQ and Cl at HERA
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vq Invariant Mass Spectrum from HERA e p

n
5102_ ® ZEUS (prel.) 1998-99 ep, 16.4pb™ - R AR s o
u?l — sMm S ¢ H1 data
: [0 data (cos® cut for scalar LQ) -
: —+—— ------ SM (cos®’ cut for scalar LQ) o 2 SM with uncertainty
— o 10 ;
— 4 5
: >
: ()]
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------- e p—>vX
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M, (GeV)
+ M-, Spectra shown in previous conferences, both H1 & ZEUS no evidence of LQ.

Search for LQ and Cl at HERA
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Limit on F=2 BRW LQ with eq+vq from HERA e~ p
Combine eq & v q channel (3.,,8,, fixed) — limit on F=2 BRW LQ.
ZEUS H1 SCALAR LEPTOQUARKS with F=2
< F < (a) - ;//1/////11///11///1/ '
[ — Sk (eq+vq) ! FH1 PRELIMINARY e p 3".3."%““;“ M;:“§4-97§
L -1r
— S5 (eq) oE EXCLU s i gom
107 — Sy vq) 10 2§ I g?f E
g 100 150 200 250 'soo' " 350 400
M g (GeV)
- H1 VECTOR LEPTOQUARKS with F=2_
-2 < o) T ;
10 - 1 i_,Lw///////////////////7
: FH1 PRELIMINARY e p e
F2 scalar LQ limit [ : iH1e P, 94-97_
L - Y112,L
I ZEUS (prel.) 1998-1999 ¢'p 16.7 pb™! L L ot Viran
T RREHGS H 1/2.R =
s I N N B R A T T R
10 =760 180 200 220 240 260 280 100 150 200 250 300 350 400
(GCV) M LQ (GeV)

-At EW coupling strength 0.31, LQ W|th mass up to 275GeV excluded.

Search for LQ and Cl at HERA
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General F=2 LQ limit from HERA ¢~ p
SCALI\\\R LEPTOQUARK e u — LQ- ——) e X,_V X . | ZEUS )\;005 )\;0:1 }\:0.31_
XXX DORunl = H1 Preliminary e z ug‘os 3 T i I E
1 0.8 E

= Vector LQ eu
102 0.7 ¢ Q

] 0‘6 SR ';
1 0.4 05 3
] 04 F E
| 0s 03 | £
1 0.2 F =
jos 01 & 3

0 SHII T R e
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M, o (GeV) M, ,(GeV)

100 150

General LQ Model (No 31o—;., constraint)
-Assume 3., + 8,, = 1 for combination.

‘At X 0.31, M q up to 295GeVexcluded, independent of 3.
-HERA sensitive to both eq & vq .

-Tevatron result independent of )\, but less sensitive to vq
— degrade when 8.4, ., small.

-Limits in general models also derived from e™p for F=0 LQs (H1)

Search for LQ and Cl at HERA
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I F=2 BRW LQ limit from LFV with HERA e p I

Search LQ through Lepton-Flavor-Violation

q(d

- Almost no background.
- No events found in e p.
- Assume )\eq=>\“q,=0.3,

Mg 260GeV-280GeV and above excluded.

/
‘g =d,s
— strict limit from low energy experiment.

- ¢’ = b — HERA superior to rare B décay.

ZEUS

T ] T T T | T T T ! T T T I T T T ] T T T
SRZEUS (prel.) e'p 1998-99

| | o |

TN RS NI W
180 200

1 1 1 | l 1 1 ] 1 I 1 | 1
220 240 260 280 300
M, ,[GeV]

Search for LQ and Cl at HERA



I Contact Interactions at HERA I
Standard Model %y _l~

20‘ e:t 71'042 . :
ddzc(dQZP) = 1Q4 {0+ - )P, @) F (1 - (1 - »)DeFy(a )}

Fy(=, Q%) =1 > eaf = Q") {(v)? + (V)2 + (ah? + (aBy?)

f
zFy(x, QZ) = qu}-(m, Q2) {V;’A? —_ V;%A‘%} @2 :—(4 Pof pﬂww&gaﬂwv}z
Contact Interaction , 2 Q2
Vi =ey —(ve+ ae)vrPz(Q%) + Sﬁa(??LL +nrLRr)
R e 2, Q% '
Vf = ef (ve ae)'vaZ(Q ) + Sﬂ_a('ﬁRL + ??RR)
r _ | 2, Q% _
A¥ = (ve + ae)arPz(Q7) + Sﬁa(nLL ML R)
R _ _ _ 2 Q2 . _ ,
A¥ = (ve — ae)arPz(Q%) + ——(nrL — 1RR)

Contact Interaction: physics with scale A >> /S
SM ~ 1/Q*; Cl: some terms independent of Q>
— Effect at HERA Highest Q? Region .




do/d@?/ doM/dQ?

- With all HERA data, search deviation at highest Q? region.

] Limit on CI VV Model I

- Compositeness: VV

1 IlllIII] I IlIII!II | |

® e'p preliminary Vs=318 GeV
limits for CTEQ5D pdf
A =2.4TeV
""" A*=7.9TeV

] IIIIIIIl L Illlll\l ! —

10 3 10 4
Q? (GeV?)

do/dQ?/ do"/dQ?

- Probing distance ~ 1/Q ~ 0.001 fm, with Q? ~ 10*GeV2.

+ 95%CL Limit: ZEUS(H1) A™=7.0(3.0)TeV A"=6.5(9.2)TeV

- Compositeness: VV

1 Illillll 1 Illll!ll | LI

@ e p preliminary Vs=318 GeV
limits for CTEQ5D pdf
AN =29TeV
----- A*=4.5TeV

L ll!lllll l III]IIII L [

3 4
10 10

Q? (GeV?)



l General Contact Interaction I

Coupling structure 95% CL [TeV] ZEUS(H1)

Model n77 iR Rl wih nEL wf%h  mE  ag AT at

Vv +n +n +n +n +n +n +n +n 7.0(3.0) 6.5(9.2

AA +n -7 -7 +n +n -1 -1 +n 5.3(5.8) 4.6(3.5)

VA +n —17 +n —n +n —7 +n —n 3.4(4.0) 3.3(3.9)

X1 +n —n +n —n 4.0 2.7

X2 +n +n +n +n 4.7 4.7

X3 +n +n +n +n 4.3(2.0) 4.2 (5.9)

X4 +n +n +n +n 5.6 (2.1) 5.6 (7.4)

X5 +n +n +n +n 4.8 4.8

X6 +n —n +n —n 2.6 3.9

U1 +n —n 4.1 3.6

U2 +n +n 5.8 5.3

us +n +n 5.8 5.2

U4 +n +n 6.4 5.9

us +n +n 6.0 5.5

ueé +n —n 2.8 3.7

47
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- Some models constrained by HERA only
- HERA bounds do not rely on the flavor symmetry in the quark sector.



Large Extra Dimension & Quark Radius

Same technic (searching high Q?* deviation)
apply to LED & R

ZEUS Large Extra Dimensions Limits
-11.2

10 | ® 1994-2000 e*p prelim.
2 -_-_-.-_-_-_-_-_-_+_:-_:+_'_'1 ----- Mg = 0.82 TeV
@ 1 —— M;=0.81TeV
n = ek Ms : Planck Scale. go " o 08 |
: |
ZEUS 95% CL.:
Mg = 0.82TeV, M = 0.81TeV L
H1 95% CL.: " 1 Q? [GeV?]
Mg = 0.93TeV, M} = 0.63TeV [ .1 17 e preim
.t Form factor due to finite charge g gt g 1
distribution. g s — -1104 05
R2 1 :—‘—v“—‘-'*-.-'*-!-“"r"f-—’----un::*ﬁ:: T
f(Q) =1— -%—Q:z, R’ = /'rzp(r) amridr : ¢ f [T .
ZEUS 95% CL: R, < 0.73 - 10~ cm "’ h 0" [Gev?

H195% CL: R, < 1.6 - 10~ '%cm



Limit on BRW LQ MLQ/)\LQ

High mass LQ M., >> /S — CI
ZEUS Limits on Heavy Leptoquarks
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l Leptoquark & Contact Interaction Summary I

Constraints on Scalar Leptoquarks

-HERA1: ~ 110 pb ' e™p, ~ 15 pb~ L e p <

data per experiment. No evidence found for
LQ or Cl.
- In general HERA has better LQ limit than LEP.
- TEVATRON LQ limit depends strongly on 3.,
insensitiveto LQ — vq.
- HERA excluded Cl below scale 2-7TeV .
HERA 95% CL Limit on Large Extra

Dimensions Ms ~ 0.8 TerV.

- HERA 95% CL Limit on quark radius: < -1

1000
R, — quark really small!
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‘ Outlook: HERA 2 vs. TEVATRON lI I

Future Sensitivity on Scalar Leptoquarks
1

TEVATRON :
L =1.5fb™"

o
©

- HERA 2: Luminosity upgrade, ~ 1 6! in ~
5 years, with ZEUS & H1 detector upgrades.
-HERA 2 vs. TEVATRON lI:

If A large m%aaf@hﬁ HERA 2 will have 10 times
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1 Beq small, TEVATRON less sensitive.
If Bew Be, small, HERA still sensitive to LFV,
—» HERA will compete with TEVATRON for new
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