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HERA ep Collider

HERA-I (1993-2000)
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Electron-Quark Scattering and DIS Kinematics

Q* =—~(k—k’)=-q°
x=-q"/(2-P-q)
y=(q-P)/(k-P)=(1—-cos6%)/2
s=2-k-P=Q°/(x-y)

four momentum transfer squared

Bjorken scaling variable
inelastici ty

ep CM energy squared
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Electron-Quark Scattering and DIS Kinematics

DIS “New Physics”™
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Electron-Quark Scattering and DIS Kinematics

Low energy limit

DIS “New Physics”™
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Contact Interaction Phenomenology

- Effective Lagrange Density (vector terms only) modifies scattering amplitude

Ly = > D ngb@v“ea)@vuqb) with 1., = sgb% and effective mass scale A

g=ud ab=LR

- Depending on chiral structure of model which is probed, only some of the couplings
contribute. Formalism applicable for many different models (Compositeness, LQs,
Quark Structure, Large Extra Dimensions, ...)

\e see separate talk by Eric Kajfasz
- Cross section in presence of CI gets modified at high Q° :

d_O _ dOSM X do_I F dOCI

v
do®  dQ°

2

do®  dQ

= sensitivity to scales A beyond centre-of-mass energies
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Neutral Current Cross Section do/dQ?
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- data are well described by SM over more than 6 orders of magnitude
- possible deviations from SM would show up at large Q°
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Example

for Compositeness

VV Cor‘r'esponds to Chir'al structure: E L= ELIR-ERL=ERR — 1

do/dQ?/ do™M/dQ?

Compositeness. VV

e e p NC data /s=319 GeV
—— A =38TeV
AT=33TeV

— combined limits:
A =55TeV
- A" =5.3TeV

- H1

ee’p NC data /s=319 GeV
—— A =53Tev
A= 4.8 TeV

— combined limits:
A" =5.5TeV
- A" =5.3TeV

- H1

10 4
Q’ (GeV?)

3
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abstract 12-0158

- e’pand e’p exhibit
complementary
sensitivity

- despite much
lower luminosity

e’p data help to
improve limits
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CI Limits on 1/A? in Compositeness Models
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abstract 12-0158

6 ho evidence for CI signal A

- resulting limits are in the range
1.7-6.2 TeV depending on chiral

structure of model
\ J
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Comparison with

other Experiments

ZEUS H1 DO CDF || ALEPH L3 OPAL
Coupling structure

Model  [€,,,€, 1€ ns€nr) A AT |AT ATRAT AT AT AT AT AT|A AT A AT

LL  [+1, 0, 0, 0] | 1.7 27 |[16 28§42 33|37 25|62 54|28 42|31 55

LR [ 0,41, 0, 0] | 24 36 |19 33|36 34|33 2833 30([35 33|44 38

RL [0, 0,41, 0] | 27 35 |20 330137 33[32 29|40 24|46 25|64 27

RR [0, 0, 0,41] | 1.8 27 |22 28J40 33[36 26|44 3938 31|49 35

VV o [+1,41,41,+1] | 62 54 |55 53061 49|52 35|71 64|55 42|72 47

AA [+1,-1,-1,+1] | 47 44 |41 25055 4748 38|79 7238 61|42 81

VA [+1,-1,+1,-1] |[33] [3.2] |30 29

X1  [+1,-1, 0, 0] | 36 26 45 3.9

X2 [+, 0,41, 0] | 39 40

X3 [+1, 0, 0,41] | 37 36 |39 37f51 4.2 74 67|37 44|44 54

X4 [ 0,41,+41, 0] | 5.1 44 44044 39 45 29|52 31|71 34

X5 [ 0,41, 0,+1]

X6 [0, 0,41,-1] | 25 35 43 4.0

Ul [+1,-1, 0, 0]« |[3.8] [36]

U2 [+1, 0,41, 0]«

U3 [+1, 0, O,+1]®| 5.0 4.1 52 9.2

U4 [ 0,4+1,+1, 0] |[58] [4.8] 3.2 2.3

Us [ 0,41, 0,+1]|[5.2] [4.3]

U6 [ 0, 0,+41,—1] |[2.8] [3.4]
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limits comparable
to those obtained
at LEP & TeVatron
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Search for Leptoquarks in Cl: M| g >> Vs

 Leptoquarks appear in many extentions
of Standard Model

- color triplet bosons (scalars or vectors)
- carry both L and B numbers
- fractional charge

ZEUS

« Classification in Buchmiiller-Rickl-Wyler
model

® ZEUS 94-00 e'p =
— S, MMA=0.83TeV

St M/A=0.52TeV ._,.;

- dimensionless chiral couplings invariant 10° 10*
under SU(3)xSU(2)xU(1)

Q* (GeV?)

- 14 LQ-types (7 scalar, 7 vector)
- conserved fermion number F = L+3B = 0, +2

- at HERA (coupling to valence quarks):
- e'p = LQ (F=0) :

- ep— LQ (F=2) I Li‘mits on Heavy Leptoquarks |

® ZEUS 98-99 ep =

VE M/A=1.23 TeV
Vi, M/MA=0.47 TeV

Mo
.
- _
.\'\
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10 10
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Comparison of Limits on M| q/A o

M LQ/ )“LQ [TEV]

Model Coupling Structure ZEUS H1 | L3 OPAL
S§¢ o =43 0.61 0.71 | 1.40  0.98
S§¢ A =43 0.56 0.64/| 0.30  0.30
SE ot =+1 0.27 0.33 | 0.58  0.80
Sty a =—3 0.83 0.85/| 0.54 0.74
Sfhy  at =a% = —3 0.53 0.37 0.86
Sk, att =—4 0.43 0.43 | 0.42 0.48
St =41, % = +3 0.52 0.49
V& et =-1 0.55 0.73]1.83 127
Vit et = -1 0.47 0.58]| 0.51  0.54
VR e =—1 0.87 0.99 | 1.02  1.44
VE, o =+1 0.47 0.42|0.71  0.90
VI, e =a =41 0.99 0.95 0.71
VE, o =+1 1.06 1.02]0.54  0.59
VE e =1, ¢ = -2 1.23 1.36
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- depending on LQ type
HERA limits are in the
range 0.3-1.4 TeV

« for 50% of all LQs
best limits come from
H1 or ZEUS
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Lepton Flavour Violation

« Neutrino oscillation — Lepton Flavour is not conserved

« Charged leptons: very stringent limits from rare decays, especially for e < u

- At HERA LFV can be mediated by LQs if they couple to different generations

Low mass M| q < /s

et 7 l
[C
eq;  Mq;
q; qj
s-channel

NWA 2
o a:7\eqiﬁ|qj

Narrow Width Approximation:
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High mass M| q >> /s

e _ 14
[.(

eqi  Mqj

qi qj
s-channel

HMA (xeqixeqj
* 2
“ALXQ
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H1 Search for e'p—uX and e p—tX

] N B -
%) [ eq—>uq e H1 Prelim. % i
o 10¢ =SM = S 10
D B Vg 250 GeV 1 | abstract 12-0766 | 3
" u-channel (arb. norm.)]
107 5 107
'2_ e - N : \ -2
10 0 100 200 300 10 0
M-Q / GeV
- one isolated u L = 66.5 pb™
LQ —pt+q | LQ —+g
» back to back to jet in¢ Data 0 1
Cal Total SM | 0.74 + 0.25 | 0.56 + 0.16
°* Pt alo> 25 GeV
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eq—tq e H1 Prelim. ]

=SM -
Vg 250 GeV
t-channel (arb. norm.)’

100 200
M-R / GeV

« hadronic t decays
— pencil-like jet

300

« 2nd jet, no e/u in event

. pt™555> 20 GeV || t-jet
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H1 Limits on Coupling Constants

Example for Vector LQs

sensitivity drops towards
high masses due to steeply

= N I o F T T T . ) - ;
¥ [-ViE'ud) HiPreliminary | & | _vi(e'ud) H1Preliminary - falling quark distributions
S e -~ F 1wl e q%‘o ................ e
peved _ some sensitivity extending
107 WL (e*d) 10°LL . . e .
S VoY ; beyond kinematic limit due
| f o to finite width of LQ
10°: ¢ = 10 ::,-.-,_.-:_ """""" E
e u-channel ; : t-channel ;
T BRgL =05 o . BRig.=05 at high masses limits
100 150 200 250 300 350 100 150 200 250 300 350 connect o CI limits
M-C / GeV M-C / GeV
o L L L L L L L L o L L L L L L L L B
< i H1 Preliminary | < i H1 Preliminary | .
1L S 1L Vi—ean LQ coupling to all 3
S ’ generations studied
10 107
; best sensitivity for ug
107 102! channel because
: - low background
03 L bl 1031 - high selection efficiency
100 150 200 250 300 350 100 150 200 250 300 350
M-C / GeV M-C / GeV
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ZEUS Limits on Coupling for T-Channel
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ICHEPO4, Beijing:
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abstract 12-0255

Similar analysis from ZEUS

L = 112/16.7 pb™

LQ —utq [LQ —>T+(q
Data 0 0
Total SM|0.86+0.15| 1.7+04

300

-:B—te
T €
E_ ....... —Ke =
L I 1 1 I 1 1 1 I 1
150 200 250
I\/ILQ(GeV)
16

-
« ZEUS t-limits more
stringent than those

for LQ masses below
250-270 GeV

- for coupling of elmag.
strenght [A=0.03]
M q > 250-280 GeV

from rare B, K, T decays

~

)
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High Mass Leptoquark Limits M| g >> Vs

e—>T ZEUS (prel.) e*p 94-00 F=0 }\,e )\.l 2
. Oo 'Y
At high masses o o | —>—
SlL/z 552 ‘g1L/2 VZ)L VEJR f/OR ViL M LQ
e~ | e (u+d) e~d e~d e~d e~ | e”(v2u+d)
C T etu | et(u+d) etd etd etd etu | et(vV2u+d)
T — 7€ T — 7€ T — TTEe T — TTEe T — € T — T€ T — TE
1 04 0.2 0.4 0.2 0.2 0.2 0.06 o ..
L7 | 14 2.6 | a1 |12 | os « table shows 95% CL limits on
7= Ke K — wvv 7 — Ke 7 — Ke K — wvv 2
1 2 6.3 58 x 1074 3.2 3.2 1.5x 1074 - [
i8] | [15] 2.8 21 | [21] | 135 0.7 XeanqB/l\/l LQ for eq, g In the
B—Té B ré B —re B—Té B—Te F_O
3 * 0.6 0.6 0.3 0.3 * 0.3 Case -
3.0 3.1 2.5 2.5 2.5
7= Ke K — wvv 7 — Ke 7 — Ke K — wvv
1 6.3 5.8 x 1074 3.2 3.2 1.5x 1074

[6.1] [4.1] 5.2 [ 2.3] [2.3] [2.2] 1.0 .. )
rose| rose | 108 | 18 | ros |ros| o | limits from rare decays included for

5 8 17 9 9 3 1.6 :
2 2 10 [5.5] [6.5] [3.4] [3.4] 5.5 2.1 Compar'lson
B—71eX | B—»71éeX | B—71eX | B—71eX B — teX
3 * 14 14 7:3 72 * 7.2
[8.0] [7.7] [5.4] [5.4] [5.4]
TE TE Vb TE Vb . . . . .
e T T e [T o | e |+ ZEUS limit shown in third line
7.9 7.3 2.6 2.6 2.6
B—71eX | B—»71eX | B—+7eX | B—71eX B — 1eX
3 2 * 14 14 7.2 T2 * 72
T80 | rose | 7ose | 7ose s | * 23] indicates best limit coming
* 8 17 9 9 * 1.6
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Summary and Outlook

New results from H1 and ZEUS based on ~130
pb! of HERA I data:

» no evidence for Contact Interaction signals
= limits from HERA for

- compositeness scales A > 17-6.2 TeV
- LQ masses M g/ > 0.3-1.4 TeV

 limits set on LFV LQs
- searches for LQ coupling foe, u, t
- LQ mass limits for 2=0.03 M o > 250-280 GeV

HERA IT

. expect ~700pb™! per experiment until 2007
- approximately equal sharing between

- e'pand e’p

- left- and righthanded polarised leptons
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Further in the future:

« LFV channels studied for initial low
luminosity phase of LHC (10-100 fb™):

- T— 11
Hun abstract 12-0258
- Ty
(0]
- X2 XU
(0]
- H/A = tu
A Er T RN 3 Fr g
we 10y —A > 4 10 L 2HDM-liitype o 4
P K9-2 ] I e :
L SRR LEEL LR = I S
i L 2HOM-llitypes ]
10 £ tong=45 3 10 ¢ 3
E 1 _ E tan6=10 1
10_2? =058 rod 2 10 & 4=-0.58 rad 3
10—3:”H‘HH‘HH‘HH: 10_3:””‘HH‘HH‘HH?
120 130 140 150 160 120 130 140 150 160

m, (GeV) m, (Gev) M A

— H >
L g
_1F 5
10 = tanp=45 E : .
10%L «=-0.58 rad 1 4072l tong=10 ]
5 1 _§ a=-058rod ]
10 [ 10 I R SRR |

TR SR I R | L
120 130 140 150 160 120 130 140 150 160
my (GeV) my (GeV) H
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Backup Slides
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Limit on Quark Radius

« Introduce tform factors for non point-like electron and quark:

do _ do " ,2, 2 .2, 2 Re g2
= S AQTHQY)  foq= 1-—29Q
dQ dQ
» Assume point-like electron: f =1
T T ‘ T T T ‘ T T T
10 |- 12 - ——— ® ZEUS94-00ep -
31 | . v © - R2= (0.85-10"°cm)® |
- WYY 3NN ) . . ) ]
=t Bl bt -—--.f,_ +++ R2=-(1.06-10"°cm)® |
z o ]
Z 0'8 ‘ | L1 | ‘ 4
- 10 10 ¢ L
L desnens @ @@ @@ g : -@r:sig o @0 " __¢_—?_ - —
. Quark Radius Limits f il
| | ‘ | | | | | ‘ |
10° 10°

Q° (GeV?)

ICHEPO4, Beijing: Cl and LFV at HERA 20 carsten.niebuhr@desy.de



ZEUS Search for e"p—pX and e"p—>tX: M g < Vs

u-channel t-channel
2
m _""|""||||l|l||I|IIII|IIII|IIII|I|||_ ﬂloglll L ||||||||||||||||||||||| |||§
c [ e ZEUS (prel.) e*p 94-00 ] S t e  ZEUS (prel.) e p 94-00 .
%10 — Background MC i L|>J - Background MC -
: L ------ LFV u m=240 GeV E 0. ¥V e LFV T m=240 (GeV) T—_
|+ T B ]
1 3 3 1 :.... ° ° ° —
T T A e B A E Ll E
15 20 25 30 35 40 45 50 55 1
P (Gev) 10| | — -
10-2 1 1 1 L L i L L L I L J J L I. Jd_J J ] L [} i 1 1 1

III
0 20 40 ©60 80 100 120 140 160 A1(1)80

one isolated u
p; > 20 GeV

leptonic t decays
multivariate T id. for hadronic decays

ps™5S > 15 GeV || totin ¢

no event found after final selection
SM expectation: 0.86+0.15

no event found after final selection
« SM expectation: 1.7+0.4
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