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O Introduction
© Recent LHCD results on low-mass particles searches

O Summary
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© LHCDb is a forward

spectrometer suited for b, ¢
hadrons: 2 <n <5

© Momentum resolution:

2 0.5% at 5 GeV, 1.0% at 200
GeV

O Excellent t_rack and vertex
reconstruction

O Excellent mass resolution
(low masses)

O Good particle-ID
separation
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Vertex detector

© 21 silicon strip detector stations, 8 mm from beam
» |IP resolution of p, > 2 GeV/c tracks: < 20 um
» Typical decay time resolution: ~ 45 fs
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LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram

30 MHz inelastic evgnt_ rate (O Hardwa re Ievel LO
- S > To be removed for Upgrade-la
Software High Level Trigger % Benefit for low mass searches

[t e et O Software level HLT
- S » Topological trigger
detector calibration'al:m alignment . 2> DOW” tO pT ~ 80 Mev (‘U)
O Turbo real-time analysis strategy

40 MHz bunch crossing rate

v > >

LO Hardware Trigger : 1 MHz
readout, high Et/Pr signatures

450 kHz 400 kHz 150 kHz

oooooooooooooooooooooooooooooooooooo

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online \ Add offline precision particle identification

detector calibration and alignment and track quality information to selections > S I nce 20 1 5
. Output full event information for inclusive
" . . . y [triggers, trigger candidates and related >
Full offline-like event selection, mixture prig:gary vert?t?es for exclusive triggers 4 Any eve nt pa rt can be Saved
of inclusive and exclusive triggers L )

0 0 T 3 I3 1 » Can work directly on them
Dy — 2 Online u - ID and jets in trubo
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Dark sectors

© Different Dark sectors could communicate to SM through
portals

O Portals generated by Quantum Mechanics between sectors
that don't interact classically

© Examples of portals:
% Vector portal (4")
» Scalar portal (H)
2 Axion portal (a)
2 Neutrino portal (N)
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Direct searches at LHCDb

© Unique coverage complementary to ATLAS/CMS

» Soft trigger and forward acceptance — lower masses (few GeV/ MeV
for jets/leptons)

» Excellent tracking and vertexing capabilities — lower lifetimes (~ 1 ps)

O LHCDb capabilities to exploit low masses and low lifetimes:

» Search for a di-muon resonance in ©* — pu*u~ decays  prL 120, 221803 (2018)

» Search for candidates produced in B-hadron decays

2 Search for candidates produced in pp collision:
Dark photons decaying into pairs of muons
Dark bosons in the mass region close to the Y resonances
Axion-like particle (ALPs) decaying into pairs of muons DV
Dark pions produced via SM Higgs decaying into jets —
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Dark photons oRL 120, 061801 (2018

© Search for dark photons decaying into a pair of muons
» 2016 data, 1.6 fb~!

© Kinetic mixing of dark photon (A") with off-shell photon (y*) by a factor of
&

» A" inherits the production mode mechanisms from y*
» A" - p*u~ can be normalized to y* - utpu”
» Fully data-driven analysis: no systematics from MC
O Separate y* signal from background and measure its fraction

© Prompt-like search (up to 70 GeV), displaced search (214-350 MeV)

NP " : . ;
» A" is long-lived only |f_ the mixing factor s really small A’ Jy* eff ratio,

. - Off-shell photon < =if°r prompt
\\'1 ,/ A’ / 2 2 *2)12 [m(A’)] / A ! /
>NY*/A’ y n. [m(A"),e’] =¢ A J-‘*n(A ) ez m(A"), 7(A")],
Je '\/‘v‘vwx}.
\ Phase-space
7
/ \
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PRL 120, 061801 (2018)

Do O

i‘ —t+— LHCb prompt ,uui
- W ono =
g —t—  Wih+hy,
—t+— N = -
E m(A") = 50 GeV :
3 -
Eé .......... y S o T = E

]

10*

prompt-like sample

pr(p) > 1GeV, p(p) > 20 GeV

prompt g

B o0
B wh o+ hpg fﬁ".
/
1
10°
m( ) [MeV ]



Dark phOtOnS prompt SearCh PRL 120, 061801 (2018)

© No significant excess found: exclusion regions at 90% C.L.

O First limits on masses above 10 GeV and competitive limits
below 0.5 GeV

90% CL exclusion regions on [m(A’), £?]

10~
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Dark photons: displaced search & 1o osisor oss

O Looser requirements on muon py

O Material background is mainly from 90% CL upper limit on nf§ [m(4'),e?] / nf[m(4'), ¢
photon conversions W 1 THCD  Wlons tved oxcluded] s
L -8
=7
O Isolation decision tree from By —» u*u~ | ‘ « 1
j 11 &
| 1
O No significant excess found: =k
» Small parameter space region excluded JT T .350(1)

> First limit ever not from beam dump m(A') [MeV]
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Dark photons: results oRL120, 061801 (2015)

O Prompt search in large range: 2m(u) < m(uu) < m(Z)
O Displaced search in sensitive region: 241 < m(uu) < 350 MeV

90% CL exclusion regions on [m(A’), &%
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Dark photons: future reach

© Cover dielectron final states: D*® - D%4’, A’ - eTe™
+ Triggerless readout in Run-3: softer final state than in di-muon mode
» High statistics: 0(101Y) D* - D% per fb~1

O Extend searches model-independently:

> Recast in other vector models  JHEP 06 (2018) 004
» Recast in (pseudo-)scalar models  arxiv:1802.02156

O Prospected reach for Run-3 and beyond:  arXiv:1812. 07831
P y
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Search for a dimuon resonance in' Y
mass region

JHEP 08 (2018) 147

© Model independent search at LHCb using Run-1 dataset

O Inclusive scalar boson search with m ~ 10 GeV
» Dimuon mass resolution: very important due to presence of Y

resonances

» Modelling of Y(ns) tails to extend mass range

= 8000F 7.5 < pr < 14 GeV :
| Selection:
e = * Good quality vertex
R * Prompt:
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o(pp — ¢) x B(¢ — ) [pb]

Search for a dimuon resonance in' Y

mass reg ion JHEP 08 (2018) 147

© No excess found: results can be interpreted in different models
2 First limit near to Y(8.7 — 11.5) GeV
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Prospects for Axion Like Particles (ALPs)

JHEP 1901 (2019) 113

O ALPs are pseudo Nambu-Goldstone bosons associated to a
Spontaneous Symmetry Breaking

1 ¢ 1 ¢ ¢ a (]{ —~ ( *

c 2 2 2 Yy i\t g

LD §(d#a.) — —mia” + i —ci—F; 1 — 7 V)
| (NTNY,

O Their mass, m,, can be arbitrarily below the NP scale

© Coupling to the SM goes as 1/f, while myp ~ g * f
> Exploring the intensity frontier implies the energy frontier

© ALPs couple to gluons (LHC production) or photons (LHC
decay)

> Decay to gluons also possible but harder experimentally



Prospects for Axion Like Particles (ALPs)

JHEP 1901 (2019) 113

O Light ALPs not reachable for ATLAS and CMS

_ . 3t . n
© LHCDb could cover the region LHCbyy300 1 o7 0% 20
between 3 and 10 GeV v ——
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Prospect for True Muonium (7M) at LHCDb

arXiv:1904.08458
O A search for the vector 135, state (TM)

© QED predicts t ~ 1.8 ps, and mass ~ 211 MeV
> Very low mass — off-shell y production via n = yy* (small BR but high o)
» Experimental signature — resolvable displace vertex decaying into e*e™
pairs
© Prospect (Run-3 & beyond)

» Assume current LHCb ete™ mass
resolution (~ 20 MeV at 211 MeV)

» Discovery potential at 15 fb™!

[fh/GeV]

do
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Summary

© LHCDb has an extensive program of searches beyond flavour
physics
» Excellent vertexing, tracking and soft trigger
» Especially competitive for low masses and lifetimes
» Rich variety of models and signatures can be approached

© Bright prospects for the future:
» Software level trigger: allow softer kinematics
> Better vertex resolution and tracking capabilities after upgrade
> Higher luminosity
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