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 [ntroduction to HERA
 Model dependent searches

* Quark radius

* EXcited fermions

* Leptoquarks

* Single top production

 Model independent searches

* |solated lepton final states
* Multi-lepton final states
* General searches
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The HERA Collider

e The world only ep collider, in DESY Hamburg

e*(27.6 GeV P (820/920 GeV)
- Center-of-mass energy: up to 320 GeV ( )

« Two colliding, general purpose experiments,
H1 and ZEUS

e Operations ended in Jun 2007

e Collected luminosity:

- HERA 1, 1992-2000:
~0.1 fb*/exp

- HERAII, 2002-2007:
~0.4 fb*/exp
(with polarized e* beams)
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Deep Inelastic Scattering at HERA

« HERA investigates ep
collisions

HERA 1 & I

(\/I\ T T T T T T TT | T T T T T T TT | T T IE
> Fom % H1e'p NC94-07 (prel) -
Q 10 = A H1ep NC 94-07 (prel.) _gl
2 O ZEUS e'p NC 06-07 (prel.)
o F o ZEUS ep NC 05-06 =
o = SM e'p NC (HERAPDF 0.1) 7
g 10_1;_ —— SMep NC (HERAPDF 0.1) _;I
T = g 3
- T — ]
3 - E
1073 .;— * Hi1e'p CC03-04 (prel.) —;.
P E A Hlep CC 2005 (prel.) E
2 — 2 ~ . L. = ZEUSe'p CC06-07 (prel.) .
 Q° =-g° gives the resolving L eercconon
5L SM e'p CC (HERAPDF 0.1) a
power of the EW probe 0% e o
. y <0.9 ‘
* New physics would appear at E P.<0 '
| | | 11 111 | | | | 11 111 | | |

=
Q
X

high-Q?, ie small distance: at ' o
HERA down to 10*®¥m Q* (GeV?)
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Quark Rad I US Hlprelim-07-141

ZEUS-prel-07-028

« Adecrease in the cross section at high-Q* is expected if

quarks are not pointlike: (R,)2Q)? 2
g = ognM X 1 — q
ZEUS

12 — 1 ® ZEUS 94-06 (prél.) éip - . .
S el RZ= (0.6210%%m)* - No deviation from SM =
-1 e e g T e ... 2= (0. 166 m)2 i . .
R B limits are set on R (95% CL):
»-uu*u.u.uOHQ*0-*04“0&4“=‘=s:49::::;:.:::::L.’_Il:l:!:::t:%:::::. * ZEUS Rq < 0.62*10'3 fm
Quark Radius Limits (prel.) E * HI1: Rq < 074*103 fm

Q* (GeV?)

« With a similar fit we can also look for contact interactions (— backup slides)

CIPANPO9 A. Parenti 5



D

Excited Fermions (1) arXiv:0904.3392

Phys.Lett.B666:131
Phys.Lett.B663:382

« Excited fermions would be signature of compositeness
« Compositeness could explain 3 families and mass hierarchy

e Excitation/de-excitation described by effective Lagrangian:
1 -, T¢ Y A
Lom = 5 Fro™ | 9f 5 W + Q'f’EB;w + gsfstw] Iy
[f, ¥ 'and f_are the couplings to the SM gauge groups]

Search for e* at HERA (475 pb™)

E 20 H 1 ® HI1 Data
GC) 18 — All sS™M
T 16 i e*signal
N 14 e* - ey (ela.)
12
i v, L, W 10E
Example: production o "
and decay of e* o )
N3
2F +
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Excited Fermions (2)

 H1 looked for all possible decay channels and did not find
any deviation from SM = limits were set on f/A (@ 95% CL)

. Search for e* at HERA (475 pb?) 1 Search for v* at HERA (e'p, 184 pb™) 1 Search for g* at HERA (475 pb™)
F'|_‘10 = - = H a E B
L = f=+7f : E : f=-f f=f,f =0
> EFH1 > £ H1 | > s
o - o B : o L DELPHI i
= = : ' ~1L_BR(q*~ay)=1;
S g2 =fIA =1/M <w'e 510 = j
- B T T Y— Y—
____________ S ' 'L'E'ﬁ.'(i'h.d.ire.ct
[~ Tevatron (202 pb?) 102
10° H1
fIA =1/ My
108 =
™ on ”"l‘ “,’\—.\:‘\,:‘\,\,’ :f L3 -
e Ll ) bbb b bl I | | | | I|_Il
106 I :i.2(|) I ZII.4(|)I ZII.6(|)I ]I.8CI) |2|06|é26|é46|é66|é86|é00 100 120 140 160 180 200 220 240 260 280 300 320 10—100 150 200 250 300 350
e* Mass [GeV] v* Mass [GeV] g* Mass [GeV]

* f/A limits can be translated  * M, >272GeV
into mass limits assuming % M_>213 GeV [assuming f=-f]

A =1IM_ * M_>252 GeV [assuming f =0]
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Hlprelim-07-164

Leptoquarks (1)

 LQs appear in many SM extensions

e Couple to both electrons and quarks and carry SU(3) color,
fractional electric charge, baryon (B) and lepton (L) number

- Fermion number: F=3B+L =0, 2
e LQs model are explored in Buchmuller-Ruckl-Wyler (BRW)
framework (14 different LQ types)

* We search for LQ decaying into e-jet or v-jet:

b B q
c LQ
q 5 C,V

CIPANP09




Leptoquarks (2)

Leptoquark Search, HERA I+l

Leptoquark Search, HERA I+l

» Full statistics > 10°F > F
SR H1 $ 10°F H1
analyzed by H1 2 . O
(prel. results) T ep@aop) | S gl &P (426 pb)
£ 10%F 2
» No deviation from & | T 10F
. . L g NC L s cC
SM! SO Ilmlts on -o- H1 Data (prelim.) 1; -o- H1 Data (prelim.)
coupling are le—sw o
. C ncertainty - ncertainty
0 P B R KRS BRSPS B B P E SR K S RS RS
derived @ 95% ClL 100 150 200 250 300 100 150 200 250 300
M.,/ GeV M.,/ GeV
Leptoquark Search, HERA I+l (449 pb™) Leptoquark Search, HERA I+l (449 pb™)
<
. iz : // . HERAlimits are
] complementary to
6_ .
101%\ 4 S (€9 . 10-1\ A LEP and Tevatron
H1 prelim. single LQ 3 H1 prelim. single LQ :
§ N H1 (94-00) single LQ | %\ H1 (94-00) single LQ
N l:] DO pair prod. X \ |:] DO pair prod.
10-2 £ l:] OPAL indir. limit "3 10-2 £ |:] L3 indir. limit E
200 250 300 350 400 200 250 300 350 400
M, / GeV M, / GeV
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Isolated Leptons  ..vo00104

Phys.Lett.B672:106

* Look for events with isolated, high-P_ lepton (e, ), mlssmg

P_and hadronic system (P %) ¢

* SM production: ep—eW*X (c~1.3pb) ﬁ

el + Priss events at HERA (e'p, 291 pb™) ZEUS
127\\ TTTTTTTTTTTT ‘\ T T \‘ TTTT ‘H T ‘\ HL q

H1 ngﬁ;a N - Isolated e u+P .

5 : +— 107 1 _ |

10 Signal CIC) - e ZEUS €' P 296 pb i

> 8- [ IsmMMC —

6: B non-w MC ]

41 —

2I —

/ /&///a 0 I e ST RS WRE
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

PT [Gev] P7 (GeV)

* In H1 e'p data, P_*>25 GeV: 17 obs / 8.0+1.3 exp (2.4c excess)

cipANP09 | % NO excess seen in e’p, also no excess observed by ZEUS
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Single Top production ..xu.oe0ss7

ZEUS-prel-09-009

 Produced in SM via CC interaction
ep—vtbX... but tiny cross section ¢ = O(1fb)

e BSM: production via Flavor Changing NC

* No significant excess in the signal

Limits on Single Top Quark Production via FCNC

region, limits are set on _ 1 |
oD -
N H1
I > B | 474 pb
anomalous coupling ktuy = o8k | IR (74P
Search for Single Top Quarks at HERA (474 pb?) : I
20
*2 [ Electron+Muon Channel H1 0.6 Y I ML= Mgy = LS e
G>J C Tc_)ty:;] Prte'seltectic;npt arg ® H1Data | I Kicy = Vth =0
15_W| out cut on lepton charge == Al SM |
I : AL oul- / New ZEUS prel
10 70 E * ktuy< 0.13
- -corF |
L 0.2 | """""""""""""""" T
CIPANPO9 0: AT AL 108 SH . A. Parenti 0 I N B
0 75 150 225 300 0 0.2 0.4 0.6
Lvb
M [GeV] Kyl
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Multi-Leptons H1prelim-09-064

ZEUS-prel-09-008

ZEUS

=

* Look for events with 2 or more isolated high-P_leptons (e,u)

e SM production via Bethe-Heitler process%\( o

« H1 and ZEUS combined results (0.94 fb™)

- |
p > & Xy
H1+ZEUS ® Data (prelim.)

Multi-Leptons at HERA (e'p, 0.56 fb) Multi-Leptons at HERA (e p, 0.38 fb™)
..9 H1+ZEUS ® Data (prelim.) .,9 -
G 10° — M SM S 10°E = sm
7 ir Prod. : 7 ir Prod. + :
Lﬁ 2 77 sM Pair Prod Lﬁ 102 [ smPpairProd. || e In e D data, ZPT>1OO GeV:
10 2+3 leptons |2

%
L 2+3 leptons 7 0bs/1.94+£0.17 exp
% . (excess of 2.6 )

/////////;/// i | /////////// In e'p data, XP_>100 GeV:

0 0bs/1.1920.12 exp
o ] 1 f 2 ] A prssd f
10°0 20 40 60 80 100 120 140 160 180 10°0 20 40 60 80 100 120 140 160 180

5 P, [GeV] 5 P, [GeV]
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General Searches

Phys.Lett.B674:257
) ) ) ) H1 General Search at HERA {e'p, 285 pb™
* Look for events with isolated e, v, u, v, jets having e
P.>20 GeV e,
evE—_—T—T—® | i
- Events are classified depending on the number SE————»
and type of high-P_ objects ————
! =
: - YWE—T =
— at least one event in 27 topologies = L
: | e —
* In general good agreement with SM A i _m.nl B N
ol el B
» Deviation from SM is searched for in distributions HI=—
of ZP_and M_ with a statistical algorithm e
| =N
e HiDala § e-e]| [ e-e v %:
— s oF SevE L
i : i Ippl - —
- r{eglon of 1k | 1 1e S ———
argest deviation 3 3 Yy E__T W
WL ef i B——— = 5 s
il i Vil f——= i L
P [GeV] Wy [GeV] i = IS
- . . - covim 0 iTF
* All deviations are compatible with statistical g [ nvpas
fluctuations = S
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Summary

HERA collected ~0.5fb™ per experiment
Most analyses make use of the full statistics

Overall good agreement with the SM:
- Exclusion limits are set, competitive to LEP and TEVATRON

- World's best limits on excited fermions, anomalous productions

To reach the best sensitivity, H1 and ZEUS started
combination

CIPANPO9 A. Parenti
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The H1 Detector

CIPANPO09
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The ZEUS Detector
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Contact Interactions (1) enysiersses:ss

ZEUS-prel-07-028

L

e Any interaction appearing at much higher energy than
center-of-mass can be represented by an effective
Lagrangian

q:uad e e
Lor= ), 0 (Eavued) (@7 a)
a,b=L,R
where , \\ L //
q __
77(18) — ::47T/A ?

depending on the chiral structure
assumed
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* Ais the new physics scale \\
 Many models are possible,
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Contact Interactions (2)

ZEUS
— : — : :
10 = 12 [ ——— ® ZEUS 94-04e'p -
g F r — W A =80TeV ]
£ H --- W A'=63Tev 1
=z i
=4 08 U ‘ _
3 -2
10 10 =
1 0—0- 0. 'A 8- . ®.=.=.0 =.=.!
Contact Interactions Limits (prel.)
| \ RN
103 104
Q* (Gev?)
10 = 12 [ T ® ZEUS 98-06 (prel.) ep =
g8 I == AA A =6.7TeV ]
£ A SA A an S = IENRTRRS AA  A"=6.1TeV 1
£ |
P4
14
Contact Interactions Limits (prel.) ]
| \ R

4
103 10

No deviations from the SM. Limits are
set on the scale A for each model:

\A%
AA
VA
X1
X2
X3
X4
X5
X6
Ul
u2
u3
U4
us
u6
LL
LR
RL
RR

ZEUS
94-06 (prel.) e*p 330 pb™*
O -1/A? best fit value ® +1/A? best fit value

— allowed +1/A? range
T (Tev) A (TeV)
} 6.3
7 —— 6.1
32 ————— 35
4.9 R — 4.7
55 —— 4.7
6.6 —o— 5.3
5.4 + 4.9
55 —— 45
38 — 46
5.8 — 5.4
6.5 —— 53
7.9 —— 6.2
6.0 —— 5.1
6.6 —— 5.0
4.1 —o— 5.1
47 —— 4.2
2.0 o 3.7
22 0 36
45 ——— 37

0.2 0 0.2

+1/A* (TeV?d)

* ZEUS (94-96): A>2.0-8.0 TeV

* H1 (HERA I):
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A>1.6-5.5 TeV
19




DE

Multi-Leptons

Phys.Lett.B668:268

* Look for events with 2 or more isolated high-P_leptons (e,u)

e SM production via Bethe-Heitler process Y
 Both H1 and ZEUS have results with full statistics: 7.,

Multi-Leptons at HERA (e+p and e p, 463 pb™)

- H1 ® HlData
10° - == Al SM

y Pair Prod.
10° 5

i

-2 1ANA
10°0 20 40 60 80 100 120 140 160 180

2 P;[GeV]

CIPANP09

ZEUS
@030 T T T T 1
o E . I NCDIS -
g2l | | - QEDC
.............. DI_-[
10 - * N

0 50 100 150
Ipt (Gev)
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* In H1 e’p data, £P_>100
GeV: 5 0bs/0.96+0.12 exp

* NoO excess in e’p data
* NO excess seen by ZEUS
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Search for t production euens.icassos

arXiv:0901.0488 ZEUS-prel-08-009

- Events with an isolated, high-P_  di-t events
T, missing P_, hadronic system E 20F " T T T o ZEUS rery 0307 -
m o 181 — AnMC =
% 10°F H 1 ® H1Data m> 16 ;— D vy — vt (GRAPE) —;
Z : B== All SM 14F i
- Signal - ® ]
10¢ 10/ ;
; 81 E
- 6F . -
/ ;Z 0 E ! ! I | | ! l E
0 /20///4{0’777 =5 '8'9' T 0 10 20 30 40 50 60
PT [GeV] 2p. (GeV)
% H1 analysis, P_">25 GeV: * ZEUS prelim (HERAII):
1 obs / 1.5£0.2 exp 21 obs / 27.2+7.1-6.3 exp
CIPANPO9 A. Parenti % H1 (H ERAI d ata):
30 obs /27.1+4.1 exp




