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Searches for exotics

« LHCb can be complementary to ATLAS and CMS in the search for exotics, thanks to its
unique phase space region coverage:

> Unique n coverage: 2<n<5.
> Low PT threshold trigger.
> Many other specific features! (more on next slides...)

 Direct searches for exotics:

>Limitson H® — T 1.

> HC decay to a pair of long lived heavy particles.

> Search for heavy long lived stau pair production.

> Forward-central b-quark pair asymmetry.

» Search for hidden-sector bosons in B — K* x( —uu) (Mitesh's Talk)

 LHCDb succesful also in jet physics!

> Much progress in jet reconstruction and tagging.
> Z/W + b(c) jets cross sections measurement in the forward region.
> First observation of the top in the forward region (Victor's talk)!



LHCb detector

Int. J. Mod. Phys. A 30, 1530022 (2015)

Vertex Locator and tracking
system: precise momentum and
vertex reconstruction.

Track reco efficiencies above 95%

IP resolution: 20 pym for tracks
with PT of about 2.5 GeV

Ap/p=0.4%at5GeV/cto0.6
% at 100 GeV/c

Particle ID performances

kaon ID efficiency:

~ 95 % for ~ 5 % m—K mis-id probability
muon ID efficiency:

~ 97 % for 1-3 % m—p mis-id probability

SPD Calorimeters

two RICH detectors

>Unique acceptance! 2<n<5
> Cleanest LHC events: <Pile-Up>~ 2 in Run |

> Large bandwith trigger for displaced
vertices, efficient even at low jets PT.



Jets reconstruction and b-tagging

* Jets reco: > Particle Flow: charged tracks and calorimeter clusters.

> Clustering with anti-kt, R = 0.5.

« b-tagging: > Secondary vertex reconstruction inside jets — LHCb strong point!
> Use tag mass, tag flight distance etc. for light/heavy and b/c separation.
> Good performances measured on data! JINST 10 (2015) P06013

> Efficiency of identifying a b(c) is 65%(25%) with a mis-ID probability of 0.3%
from light quarks.
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Limits on HO —> t 1

Limits on H -> t T production set using 1 fb! of pp collisions at 7 TeV (JHEP 1305

(2013) 132).

Two limits set: in a model independent way and in one particular MSSM model.

Tau pairs are reconstructed in five different
categories. In each category two oppositely-
charge particles from taus decay are selected
(muons, electrons, hadrons) and they are
labeled as: pu, pe, ed, ph, eh.

The first particle in each label is required to
pass the trigger and have PT > 20 GeV. The
second particle is required to have PT > 5
GeV.

On the right the invariant mass distribution
of tau pairs is shown: no excess found.

20

LHCDb \s =7 TeV
® data

Bzt

E1QCD

[MMEWK

D7

EWW

Cz—u

B HA >

MSSM

M =125

tanf} = 60

20 40 60 80 100 120
M .. [GeV]

5



Limits on HO —> Tt 1

» Limits computed using the CLs method at 95% C.L., in function of the Higgs mass.
(JHEP 1305 (2013) 132)
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H® decay to a pair of long lived heavy

varticles

* In Hidden Valley Models the Higgs can decay in a pair of long lived particles
(1T°V), assumed to decay in a pair of b quarks.

« The signature of this search is a displaced vertex with two associated jets. The
sample used correspond to 0.62 fb' of 7 TeV collisions (Eur. Phys. J. C 75 (2015)
152).

. Radial displacement of the vertex ny >04
mm from the beam line.

« Jets are reconstructed from tracks associated
to the displaced vertex. Impact parameter of
the jet respect to the displaced vertex is
required to be IP_ <2 mm.




H® decay to a pair of long lived heavy

varticles

80 [ E ATLAS (7 TeV)
Bl CMS (7 TeV)
I LHCbh (7 TeV)

DO (1.96 TeV)
3{

CDF (1.96 TeV}
1 10 100 1000

¢T [cm]

m, > 200 GeV

m(n® ) [GeV]

« At LHCb a complementary region to ATLAS
and CMS in terms of 1T°v mass and lifetime

can be studied: mass range [25,50] GeV and
lifetime range [1,100] ps.

m, = 130-170 GeV

=120 GeV

m, = 90-200 GeV

« On the right the dijet invariant mass 6000 o pcr
distribution from LHCb data is shown ( Eur. 5000 95 GeV/e2 Cb_f
Phys. J. C 75 (2015) 152 ). The signal mass "~ im, =35Gevie

4000 ”

distribution obtained from simulation for m, =50 GeV/c?

Candidates / (1 GeV/c?)

different m° masses and one particular lifetime 3000 10 ps _
value is also presented. 2000 llfetlm_}e
1000 b
 No excess above the background (mainly 004*' e e '160

bb ) is observed. mass [GeV/c?]
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H® decay to a pair of long lived heavy

varticles

« A 95% C.L. limit on o(H) X BR(H —11,11,) as function of the HV particle mass and the
lifetime has been set ( Eur. Phys. J. C 75 (2015) 152 ).
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 Complementary searches from ATLAS and CMS can be found in arXiv:1504.03634
(ATLAS) and CMS-PAS-EXO-12-038 (CMS).
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Search for heavy long-lived stau pair

sroduction

 The minimal Gauge Mediated Supersymmetry Breaking (mMGMSB) model

proposed as Next-to-Lightest supersymmetric particle a charged long-lived
particle called stau.

e The 2011+2012 datasets (3 fb™') have been studied in order to select stau
(arXiv:1506.9173). Stau is supposed to behave as very massive muons in matter, so
long charged track in muon triggered events have been analyzed.
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« The LHCDb analysis uses a new technique
based on the RICH detector: a RICH
likelihood for separation of sfau pair from
Drell-Yan pyu background.

« Stau mass range studied: [124,309] GeV.
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Search for heavy long-lived stau pair

sroduction

* No excess above the background is observed. The 95% limit is set using CLs, in function of the
heavy particle mass (arXiv:1506.9173).

 Theoretical cross sections taken from the SPS7 scenario of mGMSB.
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* In this particular model ATLAS and CMS limits (Phys. Lett. B720 (2013) 277 and JHEP 07
(2013) 122 respectively) are more constraining then the LHCb limit.

« The technique developed at LHCb can be used to study any new type of charged-long
lived massive particle.
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Forward-central b-quark pair asymmetry

« Triggered by the forward-backward asymmetry observed for the first time at Tevatron in the top
system by CDF (arXiv:1211.1003) and DO (Phys. Rev. D 84, 112005 (2011)), theoretical
studies predict a bb asymmetry larger then the Standard Model expectation.

« LHCb measured for the first time in a hadron collider bb the forward-central asymmetry, using
the 1 fb™' 7 TeV dataset (Phys. Rev. Lett. 113, 082003 (2014)):

_N(Ay>0)—N(Ay<0)

A= Ay=y,=Ys
" N(Ay>0)+N(Ay<0) boor f
= | LHCb |
= 4000
 Using of dijet reconstruction and b-tagging for g | [beauty
both jets. 3 B charm
% 2000 \ -
S ! ]
 Charge tagging (qTag): require that the hardest (p) I \
displaced track in at least one of the jet is a muon; 0 A
the muon charge is the tag. M. [GeV/c]

Corrected mass of the b-taggers
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Forward-central b-quark pair asymmetry
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« Ay distribution, with Standard Model LO prediction.
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 Asymmetry computed in 3 different dijet-mass bins Phys. Rev. Lett. 113, 082003 (2014):

A®(40 < My; < T5GeV/c?) = 0.4 % 0.4 (stat) = 0.3 (syst)%,
AR (75 < My; < 105GeV/e?) = 2.0 £ 0.9 (stat) & 0.6 (syst)%,
AR (M, > 105GeV/e?) = 1.6 + 1.7 (stat) =+ 0.6 (syst)%,

« Asymmetry is consistent with Standard Model expectations of ~1% (2% in Z region).
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Forward-central b-quark pair asymmetry

 Comparison of measured asymmetry with Standard Model predictions:
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- The measurement of A_ (cc) in the forward region is planned for Run II.
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Moving Forward: H° — bb

« Many progress in LHCb have been made:

» Jet reconstruction and tagging.

> bb charge asymmetry.

>W/Z + b jets.

> First observation of the top quark in the forward region.

« The probability to have both b-quarks from Higgs decay in LHCb acceptance is
~5% at 7/8 TeV, higher at 13 TeV.

« Search for H — bb is possible at LHCb. Several strategies can be followed in
order to reduce the QCD background:

> bE associated with a lepton for W/Z + H search.
> bb associated with a jet for Vector Boson Fusion Higgs search.

 Also the possibility to search for H® — cc in the future is under consideration.
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Conclusions

« LHCDb kinematic region is of wide interest in the search for exotic processes,
complementary to ATLAS and CMS.

* Many direct searches have been performed:

>H — Tt
»>H° — long lived heavy particles.

> stau pair production.
> Forward-central b-quark pair asymmetry.

* ... but (obviously) no evidence of Physics beyond SM until now.
« Jetreco and tagging tools have been developed and optimized:
>H? — bb (cc) studies on their way!

 Looking forward for next Runs and High Luminosity: many exotic searches will
be possible!
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Expected Higgs yields at HL-LHC

Process
HO[b,b,j] VBF
H[t,T,j] VBF

H[c,c,j] VBF
HO+W[b,b, ]

HO+W][t,T,|]

Cross-Section #Events
70 b 3800
7.9 fb 150
3.6 fb" 27
12 fb™ 680
1.4 fb! 30
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