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The HERA collider

P (820/920 GeV)

e*(27.6 GeV)

Vs = 300/320 GeV

Status: 1-July-2007
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= HERA |: 1992-2000, L~ 120 pb™ Days of running

= HERA II: 2002-2007, L~ 360 pb™
« luminosity upgrade and polarised lepton beams
e« ~10X more e-p data than in HERA |

N HERA's operation ended on June 2007

« In total H1 & ZEUS together accumulated: ~ 1 fb™
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Hints for New Physics at HERA

©® Model dependent searches for new particles

N Test models and verify predicted signatures;
if non-observation: limits set

¢ Lepto-quarks
¢ Excited Fermions

¢ Single Top quark

® Model independent searches for new physics

N Compare data vs. SM, reveal anomalies above small SM contribution
¢ W production (W—-e,pu)

¢ Isolated Tau Events with missing P_

¢ Multi-Lepton Final States

¢ A General Search
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Leptoquarks

® |eptoquarks (LQs): connect lepton and quark sector

. Hypothetical bosons appearing in many SM extensions to explain symmetry
between leptons and quarks

e\vl
M , < 300 GeV, ¢ , , , M, >> 300 GeV, C

NN eV -

- resonant production - - - ' LQ u-channel 2>
M, =vVxs LQ q(q’) i contact interaction

q N
s—channel q(q’ e (V)

u—channel

M LQs couple to the both leptons and quarks, and carry SU(3) colour,
fractional electrical charge, baryon (B), lepton (L) numbers
- Fermion number: F= 3B+L =0, 2

% LQs model explored in the Buchmuller-Ruckl-Wyler (BRW) framework

A\ Parameters: MLQ, Yukawa couplings A,

N Search for lepton-quark resonances (e+jet and v+jet)
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Leptoquarks

o Leptoquark Search, HERA I+lI Leptoquark Search, HERA I+
> 10° & > i
o 10F LQ>D e 0 0% LQ > vq
® Complete Hl data § _ 5| 9 H o al
analysed (449 pb?) 9« ¢ &°p (449 pb) T S &' (428 pb)
42] 2 [ c
£ 10°¢ Tt f
JIr [ C 0 10¢
% No deviations > 10p R
= NC i
from SM - -e- H1 Data (prelim.) 1 —®- H1 Data (prelim.)
15 —swm F M
- SM Uncertainty :. | IS!\"I'UPCIerT[ai”EVI L
100150 200 250 300 100 150 200 250 300
o _ _ Mo/ GeV Lt S
® Limits on LQ Yukawa coupling A derived as a function of M,
Scalar LQ, F=0 Scalar LO, F=2
Leptoquark Search, HERA I+l (449 pb) Leptoquark Search, HERA I+l (449 pb™)
< <
1 i L \ For electromagnetic
—— ZEUS prelim. CI ] G ~ .
0.3 p 0.3 ~~~_——  strength A~0.3:
S, (ed) | S, (eu,vd) MLQ < 291'330 GeV
1 1z (8 - -1 oLt —
10 H1 prelim.singleLQE 10 H1 prelim. singIeLQE Can be rU|ed Out
I H1 (94-00) single LQ | H1(94-00) single LQ |
DO pair prod. | —— ZEUS prelim. Gl DO pair prod.
107 OPAL indir. limit _§ 102} (PR E
200 250 300 350 40 200 250 300 350 400
M, o/ GeV M ./ GeV

M HERA limits competitive with LEP and TEVATRON limits
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Excited Leptons: H1 final results

® Excited fermions: direct signature of a new scale of matter
® (De-)excitation described by the effective Lagrangian:

i e Vo .
Lav = ﬁFEOW ngW[fu £ g/f/EB/uW T Gsls |
fIA
g . suU(2) u(1) |
N_L/%“ ® @ Analysis of full H1 HERA I+l data (475 pb™)
; ¥Z (W) [ Phys. Lett. B663: 382-389 ] [ Phys. Lett. B666: 131-139 ]
§W % ] Search for v* at HERA (e'p, 184 pb™) 10" Search for e* at HERA (475 pb™)
== = E . 10 E '
P S 5 EH1 ,* f=-1 S E H1 f=+f
-] stV S | e*
R =k g - T
\10 = i jm.z fIA =1/Mg
10’
10°
‘_ fIA =1/My
10° gT | C ety
E L3 1o4§TII | LIEP ey |
106125146 T60-15b 200 20 34b 356 380 300 320 106" 125 45 o8 ot 303325 546 35080 oo
v* Mass [GeV] e* Mass [GeV]
wlIff=-fandf/A =1/M u If f=+f and f/A = 1/M_,

t-channel M < 213 GeV are excluded  M_ < 272 GeV are excluded

u Large new parameter space explored at high mass
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Excited Quarks

® To complete the excited Iepton searches

I T )\“
Lau = ﬁFEUW gf; y T 39 ia BW + gsfs w/ i
sU(2) U(l) SU(3)
t-channel u-channel ® Analysis of full H1 HERA I+Il data (475 pb™)
¢ For f=f', f =0 and Mqg*= A
Search for g at HERA (475 pb’) Search for q at HERA (475 pb )

ﬂ H1 ® H1Data L =

12 = 3
& I == Alsm S = f=+f, f-O
> 10-_ _____ 1 q' signal M=240 GeV () —
1T C

i Q' —qy &) -DELPHI

i (a) = o7 LER@ =T

6 <10 E H1HERAI

: - FE { @7ppY)

J: 5w AT 102 -

50 700 ¥ a0 g 0w 0 E - o

q* Mass [GeV] ;

. Search for q* at HERA (475 pb’) fIA =1/Mg*
EafFT o 10°E
> - "% q" signal M=240 GeV -
L 1005 q' = qW/Z - qqq N H1

80:_ (b) IIlIIIIIIIlIIIlIIIIIIIlIII

s0f- 10900 150 200 240 300 350

sof- gq* Mass [GeV]

"3 s If f=+f, f =0 and f/A=1/Mg*:

R Mass [GeV] Mqg* < 259 GeV are excluded

N. Trinh - LPNHE Paris Searches for New Physics at HERA 7



Isolated lepton (e,u) +P_™* events: H1 final result

s Look for events “signal”: which contain an high-P_e or u, missing P_
and hadronic system X (P_*)

e

e HERAI, PTX> 25 GeV: an excess of e+p Isolated Electl:on

.&:
data events (30)

'_\&1 _ o Neutrino

-\g"‘“'”“ ® SM signal: real W production

Hadronic Jet, X ‘
I+

3 @ Full HL HERA I-+1l data (474 pb”) s
Isol. Lepton, P}
o ~13pb

| [ arXiv:0901.0488 (hep-ex) ]
el + P:"SS events at HERA (e*p, 291 pb™)

el + PT'SS events at HERA (e'p, 183 pb™)
“ 2
= H1 @® H1 Data [ H1 ® H1Data
g == All SM g o == All SM
10 Signal L1 Signal
of P 10 e-p

(a)

(b)
Z70

7

0 10 30 40 5000 80 90 100
PX[GeV] PX [GeV]

A Different observation in €+P and €-p data

= Excess not clarified with HERA |l data: 2.40 (17 /8.03+1.29) in e+p
N. Trinh - LPNHE Paris
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Events

Isolated lepton (e,u) +PTm‘SS: ZEUS final result

25

20

15

10

N. Trinh - LPNHE Paris

® Analysis also performed by ZEUS, using all HERA I+l data: 504 pb™

[ Phys. Lett. B672: 106-115 (2009) ]

10

e channel
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Events
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EIIIITIIII |I|I|||||||II|

®
I h Ll | i ! ....
0 10 20 30 40 50 60 70 80 90
X
PX(GeV)

u A good agreement with SM is observed in both e+p and e-p data

u A similar excess was not observed by ZEUS

= H1 and ZEUS results combined in common phase-space is ongoing
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Anomalous Single Top production

® SM single top cross-section at HERA: ~1 fb
~ 1000 xsmaller than W production

® BSM: top production via Flavor Changing NC
=5 at high P " isolated leptons signature compatible

to anomalous single top production
® Study using effective couplings Kth’ V

® Full H1 HERA data used: 474 pb™

=)

tuz

u channel = H1 Preliminary (HERA I+11)
12 4] C o >
3 o 3 : 1 » Excluded
"i |-|>J 2 _— - 9 E\
1.5 f— i..l I \ » Excl. by ZEUS
1 — —"*"—'—'— . — Excl. by CDF
0.5 f_ latest limit of CD_F“ _____
s e — -
200 0™*00 150 Excl. by L3
M., / GeV
H1 Data (prelim.) - Ky = V,y =0
m =175 GeV
£ Al sM Ezpohgg)' Flkgxzx.obeztt]. 1O T T P
W MC 10" f 1 Iy,
[._.iTopMC

u H1: most stringent limit on Kth
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Multi-Leptons Events: HERA final result

u Motivation: if anomalous I-v production, what’s about I-| final states?

¢ "« Multi-lepton (e or u) production is studied at high-P_
g £+ ® Covered topologies: ee, eee, eu, uu, euu '\ -»___,”2
o ~1pb ® SM signal: dominated by y-y processes :
J t- ® Full HERA I+l data (H1: 463 pb™,ZEUS: 480 pb™) y
p X = Look at XP_distribution: “hardness scale” of the events
* Multi-Leptons at HERA (e*p, 285 pb™) . Multi-Leptons at HERA (e 'p, 178 pb™)
E:; H1 Eifin: §11%7_ | H1 E;ign‘d [ Phys. Lett. B 668 (20.08) 268 ]
m/ ot / +9 leptons x Good agreement with SM
K T+ b / e-p © u In e7p data, 2P_> 100 GeV:
o / _ 5/0.96 + 0.12 events

10.2 L 1L | e | -2_ (i o
0 20 40 60 80 100 120 140 160 180 1070 20 40 60 80 100 120 140 160 180

A 2Py [GeV] 5 P, [GeV]
§10 E ) ~ INCDIS
S UNS TTREDC ( Hottest ZEUS results! Released very recently. )
= 1 E == W Good agreement with the
e = 1R ooy prediction of SM, results comparable to H1
10 1 20° < 2 < 150°
0 ZE“’? b et = H1 and ZEUS results combined in
0 30 1°°Epﬁf}‘lv) o QEDC common phase-space is ongoing
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Isolated tau (7) +PTmiSS and di-t events

% To complete electron and muon channels
® H1: analysis performed for isolated T + P ™ events
=» 7 leptons identified in the hadronic (1-prong) decay channel

=> look for events contain:
P_™* & narrow jets (1-prong)

=» H1: full HERA I+l data (474 pb™)
u Good agreement with SM
u At high P*_>25 GeV:

¢ H1l:1o0bs./1.5+£0.21 exp.

® ZEUS: analysis performed for di-t events

=> 1° 7 is required to decay hadronically, M |,
2" T either in an electron or in hadron 12

=» ZEUS: full HERA Il data (360 pb™)
& ZEUS: 21 obs. / 27.2+7.1 exp.

u Good agreement with SM

7 + Piss events at HERA (e*p, 474 pb~1)

-og 107 :_H1 ® H1Data
S F = Al sM
] i Signal
==
10 E
7 o
7 S /7//1 ravi| —l |
0 20 40 60 80 100
PY [GeV] M =41GeV
A T T T T T T T T T ] TT,
E 20 ® ZEUS (prel.) 0.36 fb"
o 18F — ALMC E
m> 16 ;— l |:| vy = "7 (GRAPE) _;
105 | | E
8t E
6 ! 3
; 3 IR Y —
0 : . PR IR NI | I—l—-—
0 10 20 30 40 50 60
Zp (GeV)
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A General Search: H1 final result

u Model independent search for deviation from SM examines all possible different

high transverse momentum final states [ arXiv:0901.0507 (hep-ex) ]
H1 General Search at HERA (e'p, 178 pb™) H1 General Search at HERA (e*p, 285 pb
e H1: full HERA I+I1l data (463 pb™) | HE — HE —
uj B = i i i uij E » i | |
2 v E -]-: ' ' o v B * ; E o
, P. | E 3 o E é) >
® Signature: o —— wEe——
isolated particles at e R —————
high P_ (e,y.ujet,v) 1) = m— NS
! N== » = »
e Unique phase space: = ol =3 1 |
P.>20 GeV & 10°<0<140° Pl s— =N
T SN N MBS -
wE T o W o
”;L-J; — I e p e -— e +p
, e =1 e-E =" e-
u Look for possible deviation in wB BT T
>P_and M __ distributions === I I rel == |
T all e E —s eifjf———= |
s ® vitl B = W
L : e
e Statistical analysis 4 p. ;“.:{.};EE—.'E H1 f;‘;;ﬂEEi. - H1
to quantify the ] I I N Y ey “HE L e
: ~Aifi PR ofb BT 1 fe= B |=n
significance of deviation 5p.| HE— @ B lﬁﬁ?—.. = su
. . 10% 10" 1 10 10% 10° 10* 10° 10210" 1 10 102 10° 10* 10°
\ in general: good agreement with SM, Events Events

at least one event is found in 27 topologies for all ep data

= Most significant deviation: e-e in e™p
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) Summary

® HERA ended on June 2007 after 15 years of successful operation

N ~ 0.5 fb* collected per experiment

= All analyses use the full dataset

= H1 and ZEUS combination ongoing for isolated leptons
and multi-leptons = ~1 fb™

= Results show no significant deviations to SM

=>» but HERA is competitive in setting limits
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H1+ZEUS W production at HERA (W—-e,u)

® H1 and ZEUS results combined in common phase-space
u Total luminosity L~0.97 fb™

e + Priss events at HERA I+1l (e*p, 0.58 fb™) e + Priss events at HERA I+l (e”p, 0.39 fb")
N . N _
"E ® H1+ZEUS Data (prelim.) NDt =57 -E ® H1+ZEUS Data (prelim.) N =30
Qg2 L AlSM N, = 53.1+ 6.4 S1gz =AM ™
> o = 53.1£ 6. > i N, = 39.6 + 5.0

Signal

107 e ==
10-2 L i b v 1 v |/¢ 1 /A 10'2 e e '%Vﬁ' L L '4
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
P (GeV) PX (GeV)
u Good agreement with SM in the global sample
a Fluctuation in e+p for PTX> 25 GeV is reduced 1.80 (23 /14.5+1.8)

HERA Exotics Working Group
HERA Exotics Working Group

(_Note: shown is based on preliminary results. Combination with final result is ongoing )
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H1+ZEUS Multi-Electrons Events

v ® H1 and ZEUS results combined in common phase-space
) w Total luminosity L~0.94 fb™

Multi-electrons, HERA I+ll (e*p, 0.56 fb™) Multi-electrons, HERA I+1l (e'p, 0.38 fb™)

.9 = 2e + 3e H1+ZEUS (common phase space) H1+ZEUS (common phase space)

5 103 = ® Data (prelim.) ® Data (prelim.)

STE e == sMm - SM

Ll / SM Signal 7] SM Signal
107

_T_

&
wE /m sk

0 20 40 60 80 100 120 140 160 180 0O 20 40 60 80 100 120 140 160 180

> P, [GeV] > P, [GeV]

ZPT >100 GeV
Data sample || Data SM
e™p (0.56 b~ 5 |1.82+0.21 x Few high P_events observed
e p (0.38 b~ 1 [1.194+0.14 mainly in e+p data
e*p (0.94 fb~1) 6 |3.00+0.34

<

HERA Exotics Working Group

T . DR EL B
»
HERA Exotics Working Group
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ZEUS Multi-Leptons Events

® ZEUS: analysis also performed for multi-leptons events
u Covered topologies: ee, eee, ey, uu, euu

w Full ZEUS HERA data used: 480 pb™
( Hottest ZEUS results! Released very recently

e ZEUS 480 pb’

11,12

)
o = B L N e
§10 2 (ee) = * () § £10 E (ey) 20°<67"<150
= i Lﬂl() L - H Mo T t Total SM
10 - | 11 e | NCDIS
1 - 1 - t 5 10 B Geeptm— T QEDC
_1 :----._ - 1; ; —2 .......... Dl-T
10 10 - | <10 g
\ | [ = \ \ ‘ o fz | \ !
0 50 100 150 0 50 100 150 0 90 100 150
Tp% (GeV) Spi (GeV) Zps (GeV)
2103 | I
£ = e | s :102 — (\ | §10 E ) "~ INCDIS -
g _ _ g . eee 2
=10 . 4 (erp) § 210 . et U e SIE?C
- E 1 10
0 | ! g *
2 10, 1E E
10 ? | | | E 10 E 1 | | 10 IE [ y -
0 50 100 150 0 50 100 150 102 W | e
Tpt (GeV) T (GeV) 0 50 100 150
Ip; (GeV)

u ZEUS: Good agreement with the prediction of SM, results comparable to H1

= H1 and ZEUS results combined in common phase-space is ongoing
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Excited Electrons at HERA

Search for e* at HERA (475 pb'1)

H1

f/IA =1/Me*

-
-
-
““““

A~

f=+1

______

(expected 10f

LEP (direct)

D fb*)

N. Trinh

Yy .
N

- LPNHE Paris

e* Mass [GeV]
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0 180 200 220 240 260 280 300

11 A [GeV]

-
Q
w

Search for e* at HERA (475 pb™)

-
Q

I T TTTTTI

f=+f=
H1 r=
n,=0

IIIIIIIIIIII

240 260 280 300
e* Mass [GeV]
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Excited Quarks at HERA

Search for g* HERA I+l (e"p, 475 pb™)

107 E S ; ]
> ~ q qy f=+f,fs=0 CDF;
Q [ — g ->qW/Z-qqq
Q L
bt i q* — q W/Z — leptons
.5 = All channels
=10 /S | | e e
10° HA1
B Preliminary
IIIIIIIIIIIIIIIIIIIIIIII
100 150 200 250 300 350 P P B B
q* Mass [GEV] 50 100 *150 200 250
q Mass (GeV)
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® LFV can be mediated by LQs in family non-diagonal modes

Events / 50 GeV

or Lepton Flavor Violation (LVF)

@ |[ncoming e =» u or T in th

@ Process: e-p —» uX mediated by F=2 LQ in e-p data

-
Te

Search for Lepton Flavour Violation

e final state

Isolated muon
PtCalo >20 GeV

back to back topology

® Limit derived on coupling A, assuming: A=A

Search for Lepton Flavour Violation H

.
10 H1 preliminary fﬁg
S —@ Hidata HERAllep dg',
[ e w For A~0.3:
unce n 4 . ,
3 1° H1 preliminary F=2 LQs with MLQ
- Sg up to 433 GeV
I e can be ruled out
10'E - - H1 HERAI +lI (prelim.) single LQ
- H1 HERAI single LQ
i | | | l | | D0 pair prod. (qq—ev)
.2 (- 1111 [N 111 1111 1111 1111 1111
10%0 50 100 150 200 250 300 350 400 _ .
uX 100 200 300 400 500 600
M, GeV M,/ GeV

N. Trinh - LPNHE Paris

Searches for New Physics at HERA 21



Statistical Interpretation of General Search
s Looking for possible deviation in 2P_and M_ distributions
= Quantify possible deviation

® |dentify regions of largest deviations between Data/MC

® Significant deviation: p << 1 (p: probability of up or down
fluctuation in each region)

® \What's the probability P to
observe such a deviation ?

o 10 J _ J
el 1 H1 General Search at HERA (e*p, 285 pb™)
cC 10° e HiData 0
((b) — SM g 10 Man Scan ® HiData
p— 10° ] Region of @ —— MC Experiments
10 largest deviation -
LL] O 10k H1
1 [ e-e
10_'; 5 1F 4 (e)
10 5 -
5107
el =
=" E
0

» Most significant deviation at HERA: e-e in e™p
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Events

H1 General Search at HERA (e"p,

A General Search: H1 final result

463 pb™) - L P_ Distributions

10°F P 105; i _ F
10E I 10°f €1l 1 } H-l 10°F
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1 1—
10k 1F E
= 1a-| F
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” CH ] E._ L e F
: E _ 10 E
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10 F 1
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107f_| . g;lr O A LN N .
0 T e ]-]] ® |k
102 oy 1
10} 10" 19
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1 E F
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Events
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H1 General Search at HERA (e'p, 463 pb™) - M, Distributions
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102F E
Y-e-J| Y-v-]| g
1
1t i 1k
10"5—
107k ) ) 107 ] ) ) ] ] )
V| of e-i-i-l-l]wp  vel-j-j-j| O 10 20
1r 1F e HiData
1 10'g 10'F — M
10k 10% 0% Region of
il 10°k 10° - Iargest deviation
09602060 BGD 0 UT00T B00 T 360 o 00T 300 300

Searches for New Physics at HERA

M, [GeV]

23



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

