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Polarization @ HERA

* From 2003 polarized lepton beam
* Positive and negative helicities possible

* Polarization of ~30-55% achieved
* 2 colliding-beam experiments: H1 & ZEUS
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Collected 0.5 fb-'/exp of luminosity
Final results on BSM searches
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* Neutral Current (NC):

v, Z° exchange

* Charged Current (CC):

W: exchange
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HERA High-Precision DIS Data

* Precise data, final results from both experiments
* Wide kinematic plane, intersecting with Tevatron and LHC
* Explored for final results on searches for physics BSM

H1 Collaboration
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Limi’rs on righ‘r-handed W
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Contact Interactions

. \/s much smaller than new

physics scale A

eeqq contact interactions (Cl)

* Effective Lagrangian for vector

eeqq CI
Lo = Z 77;% (B ea)(d8714p)
o,8B=L,R

1.3 - 4 possible couplings for every flavor
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CI: Compositeness scale

H1 Search for General Compositeness

A [TeV] A*[TeV]
LL 4.0 4.2
LR 3.7 48
RL 38 4.8
RR 3.9 4.4
Vv 7.2 56
AA 5.1 4.4
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LR«RL| 48 I | 1 I I oA
6 4 2 0 2 6
A [TeV]
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* Limits on compositeness scale in

Nij = 2

general CT model

* Depend on chiral structure

A >3.6-7.2 TeV @ 95% CL
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Search for Heavy Leptoquarks
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leptoquark

Leptoquarks @ HERA R .
&Y

* Leptoquarks - scalar or vector colour triplet

bosons, carrying both lepton (L) and baryon (B)
humber
* HERA is well suited for leptoquark searches

* Fermion number: F=L+3B, (F=0,2)
* Spin: 0,1
* Leptoquarks @ HERA

* produced in s-channel for M , < /s

* exchanged in u-channel

1°" generation: eq - LQ - e(v)q
2" generation:
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I*"generation Leptoquarks @ HERA

* LQs @ HERA have the same X
initial & final state as NC/CC DIS ot o .
LQ Lo
q q 3 SH2
* e-jet or v-jet in the final state P P
) (b)

(a
— interfere with the SM

* LQs - chiral particles
- gain at sensitivity at HERAIT due
to polarized lepton beams
— data samples with different

ST , Look for LQ-deviations from SM
polarization examined separately

in NC & CC distributions
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Search strategy

AL TR,

:
:

P

ST

M

e-jet

s
e+jet final state

M

v-jet

_
v+jet final state

Events

102}
10¢

1k ® ZEUSep (106 pb”, P,=-0.27)

3 SM with syst. uncertainty (exp.+theory)

o1l © ZEUSep(106 pb”, P,=0.27), cose*<0.4
J— SM (cost*<0.4)

Fo 1

%15

z e . —
3 03| ) -

Z

]

PPN IFEPIN APEPITIN IPIAPIN EFEPIP EPUPITN NI AFUPITIN APIAFIN BT RO
100 120 140 160 180 200 220 240 260 280 300 320

M, (GeV)

ZEUS
5 [
g i
W 10%E
10¢ ]
1k = ZEUSep (106 pb’, P,=-0.27)
- SM with syst. uncertainty (exp.+theory)
1o © ZEUSEP (108 pb’, P=027), cosé’<0.4 ‘oo 5
J— SM (cost*<0.4) E
P P U R PRI RPN AR AT EPET R
E15_|HIIH'HIIIHIHIIIHll“l”lll”l”lll”_
2 f|oaene R
30.5- ]

poo by Ly by o by e b g by by bey g by e e
100 120 140 160 180 200 220 240 260 280 300 320

MDJ.S (GeV)

'£T°GO "UuDWYIIM K

N
m
C
w

vVd3IH @ S21sAUd M3 £102NOLOHd




NC/CC Invariant Mass Distributions

H1 Search for First Generation Leptoquarks

Events / GeV
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Full HERA statistics of

* Good agreement between

data and MC - no evidence
for LQs

 Limits set within BRW

model

7 scalar and 7 vector 1st

generation LQs

used for limit setting
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H1 Search for First Ge

Lirits for LOs from HI

neration F = 0 Scalar Leptoquarks
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H1 Search for First Generation F = 2 Scalar Leptoquarks
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Lirits for LOs from ZEUS
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Lirits for LOs

* New results from H1 & ZEUS using full HERA luminosity of 0.5 fb-!
* No evidence of LQs seen = various limits set as function of LQ mass

T' )
b

Search for First Generation Scalar Leptoquarks ZEUS
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HERA limits are the best o date at high masses
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goton Flavor Violation

U  Simulated Event
1
e _ WuN [ == . P
jet .
et
IR 'Y
e High P; muon back-to-back with a high P; jet 7 X

* After all selection cuts: 1 event observed / 2.0 + 0.4 from background processes

L1 2y et Simulated Event
RN —— §
me—— it o LF R et
il T~ | .
qj : SHIRI Y o— T8l
: ..;7*- 2 v's as p ™ g
-+ t-jet -
_ . Y
q; v's as p 7 |

* Tau lepton with hadronic decay: search covers 1 prong decays, BR about 50%

* Narrow, pencil-like jet with one track back-to-back with a hadronic jet

* After all selection cuts: 6 events observed / 8.2 + 1.1 from background processes
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Lepton Flavor Violation

3 Search for Leptoquarks at HERA (410 pb™) o 6 Search for Leptoquarks at HERA (410 pb™)
_ H1 e H1 Data e - H1 e H1 Data
L — AlISM . mel —— AlISM
] 1 M g=150 GeV > °F focll Mua=120/GEY
- (arb. norm.) LLl B (arb. norm.)
2 4 —
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1 —— 2F '
i (= g ;
I 5 1 S
i I I L1 1 L '""I-": L 0 - { "—-i______,, T
0 100 200 300 400 0 100 200 300 400
M, [GeV M, [GeV]

No evidence for LQ signal: interpret results in terms of exclusion limits

Third generation search also includes second generation search result in limits
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Most stringent HI limits

Search for Leptoquarks at HERA (410 pb™) Search for Leptoquarks at HERA (410 pb™)
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« V!LQ has most stringent limits, sensitivity o both u and d quarks
* For a coupling of electromagnetic strength A = 0.3 LQs mediating LFV via:

eq —» LQ - pg are ruled out up to 712 GeV.

eq —» LQ - tq are ruled out up to 479 GeV

0.3
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Comparison of H1 LFV limits with those from hadron colliders

> Leptoquark produced in pairs at the Tevatron or the LHC
= No sensitivity from such decays to the coupling A
> Highest excluded mass in a 3rd generation search

= 350 6GeV for B=1from 2012 CMS scalar LQ search
= 317 GeV for B=1 from 2007 CDF vector LQ search (YM coupling)

> Highest excluded mass in a 2nd generation search
= 685 6GeV for B=1from 2012 ATLAS scalar LQ search

CMS Preliminary Vs=7 TeV rL dt=1.81"
T

1*Most appropriate value to
4compare to HERA is = 0.5

* Second generation limit from ATLAS
is 595 GeV

* For this mass, and for such LQs, H1

IEXclUdes Couplifgs| n the range 1
35-0.7

. o excuson (52121 * Best third generation limit is from
0.557 CMS 95% CL Limit (observed, 1.75 fo”" ] CMS, ST"” below 200 Gev for‘ B - 0.5

- CMS 95% CL Limit (expected, 1.75 ")
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Single-top production

* SM cross section below 1 fb!
* FCNC couplings can induce
single-top production BSM

* Signature of T = blv
« High-p_isolated lepton

 missing E,(from neutrino)

* Large hadron transverse
/ momentum p."* (from b-jet)
- Background suppression
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Single-top production

10 20 30 40 50 60 70 80 90 100
had
ph (GeV)

* no evidence of single top found
* |imits set on cross section and

2 Foyechame | T anomalous single top production
c
LI:': 10;‘ E
i f_,—t— """"""
< 0.13 pb (95% CL)
107525 8090700
PI* (GeV)
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Single-top production: limits
ZEUS
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Bubluogmphy
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Results Shown Flere

* H1 Collaboration, "Inclusive deep inelastic scattering at High Q2 with
longitudinally polarised lepton beams at HERA", JHEP 09 (2012) 061

* H1 Collaboration, "Search for First Generation Leptoquarks in ep
Collisions at HERA", Phys. Lett. B704 (2011) 388

* H1 Collaboration, "Search for Lepton Flavour Violation at HERA",
Phys. Lett. B701 (2011) 20

* H1 Collaboration, "Search for Contact Interactions in ep Collisions at
HERA", Phys. Lett. B705 (2011) 52

* ZEUS Collaboration, "Search for Single-Top Production in ep Collisions
at HERA", Phys. Lett. B 708 (2012) 27-36
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http://www.sciencedirect.com/science/article/pii/S037026931200038X
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Surarmary of HERA searche

(Vv
(W)

* HERA finalizes searches for new physics using luminosity of
0.5 fb!'/experiment

* No deviation from SM observed

* In various regions of kinematic/parameter phase-space
HERA limits still competitive or complementary

Earthquake
Military Curfews
Minor Surgery

. Alien Invasion
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