INFN

Istituto Nazionale di Fisica Nucleare

Searches for Exotic Higgs-like boson decays at LHCb

Lorenzo Sestini
INFN Padova

on behalf of
the LHCDb
Collaboration

EPS-HEP 2019, Ghent, 12/7/2019



Introduction
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Indi h Both approaches Di h
ndirect searches followed by LHCh irect searches
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4 s d > Dark Photons and Higgs-like
e.g. hints of flavour anomalies: resonances (Carlos talk)
> b - s transitions > Exotic Higgs decays (this talk!)

> Lepton flavour universality violation )



LHCb detector CNFR
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Tracking " SPD
Stations  two RICHSs Calorimeters
« Momentum resolution: 0.4% at 5 GeV and 0.6% at 100 GeV. Forward acceptance (2<n<5)
+ low energy threshold trigger (e.g p.">1.5 GeV)
- Excellent vertex reconstruction: IP resolution = (15+29/p_) ym #

* Lifetime resolution: 0.2 ps for 1= 100 ps

Complementarity with ATLAS and

* Muon ID efficiency: 97% with 1-3% p — 1T mis-identification. . )
CMS in direct searches!



Higgs decays to Long Lived Particles (o

« Higgs: portal to dark sector %

I

R-parity violating Hidden valley
neutralinos -
(MSUGRA) pions



Long Lived Particles decaying semileptonically (NN

Istituto Nazionale di Fisica Nuclear

e

Eur. Phys. J. C77 (2017) 224
Event topology: secondary vertex (SV) with a high p_muon

AR, | M
H(125) uol g

Dataset: full Run1 - 3fb" -t o | sy
A)Z[I) PV
Selection: 4-tracks SV, m(SV)>4.5 GeV, R >0.55mm
p,(muon) > 12 GeV, IP(muon) > 0.25 mm & 102}' S LHCh, b
Multi-layer Perceptron to further S T e bkglcsl 3
discriminate signal from background 2 I : \ ’
Background: dominated by bb events, characterized using E e g e B e el i
simulation. =Eal SRR SR =
20 40 60 80
Signal yield is obtained by fitting the SV mass distribution — LLP mass [GCV/E]

Several signal masses and lifetime are tested



Cross-section [pb]

95% Confidence Level (CL) upper limits on cross sections are set with the CLs method.

Long Lived Particles decaying semileptonically (NN
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Several masses and lifetime hypothesis are tested.
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Event topology: two jets associated to a displaced SV.

Dataset: full Run | — 3 fb™

Selection:

Signal events (T — bb) generated with Pythia 8.

4-tracks SV, RXy > 0.4 mm

SV

PV

jet

jet

Jet inputs selected by Particle Flow, IP(tracks) > 2 mm

Jets clustered with anti-kt, R=0.7, p_(jet) > 5 GeV

Signal event yield is obtained by fitting the dijet mass

distribution.

Fits are performed in several bins of displacement from beam

axis ny(SV)

Candidates / (2 GeV/c?)

Candidates / (2 GeV/c?)
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Long Lived Particles decaying to jet palr's
Eur. Phys. J. C77 (2017) 812
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Long Lived Particles decaying to jet pairs INFN
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« 95% CL upper limits with the CLs method are set on _9l992H) pp(py; o) %

OSM(QQ_)H)

» Several m _masses and lifetime hypothesis are tested.

g . 2 ‘ : ] Regions where B(H? — mymy) > 50% is excluded at 95% CL
[;; [ < mnv =25GeV/c o mnv =50GeV/c ] = 8 LU L 1 I S B B A1 B B R R RN : T T TTTI]
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e.g. fOI' mT(: 50 GeV eXClude ] vl v vl v vl vl il
i 1074 1073 1072 10~ 10° 10! 102
BR>30% for t=[5-50] ps | xy or [m]
107 SN A T T S e Competitive limit with ATLAS and CMS

despite factor 10 less luminosity.

Lifetime [ps]



Higgs lepton flavour violating decays  INEN
Eur. Phys. J. C78 (2018) 1008
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Higgs lepton flavour violating decays @FT“
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« Limits on a(gg — H — 1) are set with different mass hypothesis %

* For SM Higgs 95% CL limit of BR(H — pt)<26%
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Prospects for LLP searches at LHCb upgrades (NN
LHCb-CONF-2018-006
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

% Upgrade la Upgrade Ib [ Upgrade || =

| m ( HL-LHC

=3

2011 2012 Run I
ol . . m, mass 10ps 100ps 10ps 100ps efficienc
Sensitivity is extrapolated starting Mo B 25GV/E 045 0097 046 0111 y
- Te— bb  35GeV/  0.80 0.176  0.83 0.224
from Run | results and assuming: moBb 3G/ 073 0190 077 0922
Te— bb 50GeV/  0.49 0.141  0.54 0.171
> Conservative assumptions for HLT trigger and material T e 3GV 135 135
. . my— 5 35CeV/2 1.30 1.19
interactions. -
Upgrade extrapolation
T . . . 2
> Optimistic assumption on pile-up (rely on jet cTx, (mm) | Efficiency (%) |z m’;5(GeZéc ) 5
reconstruction). N Acceptance 268 | 212 | 17.4 | 14.6
Total 09 | 17 | 15 | 1.1
> Removal of LO hardware trigger (100% LO efficiency). 30 Acceptance 16.1 | 151 | 13.7 | 123 | 11
Total 0.2 0.4 0.4 0.3




Prospects for LLP searches at LHCb upgrades <@
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LHCb-CONF-2018-006
Run | measurement %
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Prospects for LLP searches at LHCb upgrades <@
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LHCb-CONF-2018-006
Run | measurement %
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Conclusions

LHCDb is the game of NP direct searches, in a complementary phase space
with respect to ATLAS and CMS.

Search for Higgs exotic decays can be the portal for NP.
LHCb can provide information on Lepton Flavour Violating Higgs decays.

Strong LLP programme, it will improve in the future and with the next
upgrades.

Stay tuned for Run Il results!
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VErtex LOcator material <R
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Reconstructed SVs
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Map of VELO material, including VELO silicon
stations and RF foil.
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LHCb E|
Mapped through hadron interactions with WA M’MMMMWWW-NMT ED
material in beam-gas events rather than near . B | ™ 3
the pp collision region. = : & =
z [mm]
SV associated to these interactions are I RF foil map | m
Fundamental to veto material interactions in o= LHGH =0 i

LLP searches.
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