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Introduction

Detector IJMPA 30 (2015)

Sm muon system

magnet ECAL

collision
point RICHI1

SPD/PRS
HCAL

-— Sm 15m

« talk today at 15:30 by Murilo and talk tomorrow at 10:00 by Feder
« momentum resolution between 0.5% at 5 GeV to 1% at 200 GeV
» impact parameter resolution of 13 — 20 pm for tracks

« secondary vertex precision of 0.01 — 0.05(0.1 — 0.3) mm in xy(z)
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http://arxiv.org/abs/1412.6352
https://indico.cern.ch/event/849862/timetable/
https://indico.cern.ch/event/849862/timetable/

Introduction

LHCb, JINST 8 (2013)

Run 2
Run 3

50 GB/s

1TB/S/

detector

0.7 GB/s

—>
—> —>
5TB/s 0(10) GB/s
« real-time calibration and full event reconstruction in Run 2
« inclusive dimuon from threshold and jet triggers in Run 2

« full detector readout in Run 3, talk today at 16:00 by Miguel
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http://arxiv.org/abs/1211.3055
https://indico.cern.ch/event/849862/timetable/

Introduction

Indirect Measurements

JHEP 08 (2017) JHEP 02 (2016)
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http://arxiv.org/abs/1705.05802
http://arxiv.org/abs/1512.04442

Introduction

Supporting Measurements
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« use LHCD as fixed target with SMOG
« measurement of p cross-section in p 4+ He
» relevant to dark matter annihilation, see Geisen, el al.
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http://arxiv.org/abs/1808.06127
https://arxiv.org/abs/1504.04276

Introduction

Direct Searches

don’t judge a fish by its ability to climb a tree

areas where LHCb cannot compete

o luminosity: 10x less luminosity than ATLAS and CMS
« acceptance: 10% for 100 GeV, 1% for 1 TeV, ...

areas where LHCDb does well
« flavor: anything that requires PID other than pions/leptons
- displaced: 50 fs lifetime resolution
« narrow: 0.4% mass resolution (muons)
o trigger: flexible with real time calibration and full reconstruction
(tracks down to pt > 0.5 GeV)

all results here are run 1 except dark photon

Ilten
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Long Lived Particles

Tlten E 3 LHCb Stealth [ 7 /31



Long Lived Particles

Massive Charged Particle EPJC 75 (2015)

» search for heavy, charged, very long lived particles, e.g. 7

- utilise absence of light in RICH in addition to minimal energy loss
» Drell-Yan production with SPS7 benchmark scenarios

« results not competitive (see backup) but idea interesting
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http://arxiv.org/abs/1506.09173

Long Lived Pa

Single Displaced Particle EPJC 77 (2017)

» search for single long lived particle decaying into jet pair, e.g. my
« production from SM-like Higgs decay
o talk on Wednesday at 12:30 by José on exclusive hadrons
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http://arxiv.org/abs/1705.07332
https://indico.cern.ch/event/849862/timetable/

Single Displaced Particle
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http://arxiv.org/abs/1705.07332

Long Lived Particles

Single Displaced Particle LHCb-CONF-2018-006

L
= .
CGB ATLAS and CMS dominated
T
[
g

Minimum B
excluded at 95% CL

75 %
50 %
30 %
20 %
5%
2%
1%

1 ATLAS and CMS dominated

RRNRELE

T T T
7y 7 [m]

Tlten E 3 LHCb Stealth @ 11/31


http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2018-006.html

Long Lived Particles

Two Displaced Particles EPJC 76 (2016)

- search for two long lived particles, e.g. x?
« SM-like Higgs decay with baryon number violation
» masses from 20 — 60 GeV and lifetimes from 5 — 100 ps

LHCb

e Data

= Background
----- BV48 10ps mH114
- BV48 5ps mH114
— BV48 50ps mH114

Normalised distribution

L

1520 25
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https://arxiv.org/abs/1609.03124

Long Lived

Two Displaced Particles EPJC 76 (2016)
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https://arxiv.org/abs/1609.03124

Associated Leptons
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Displaced with Muon EPJC 77 (2017)

» search for long lived particle decaying into di-quark and muon
» consider full PYTHIA model and four simplified models
« utilises excellent secondary vertex reconstruction
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http://arxiv.org/abs/1612.00945

Displaced with Muon EPJC 77 (2017)
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http://arxiv.org/abs/1612.00945

ssociated Leptons

Higgs Decay into QQ LHCh-CONF-2016-006

« search in association with W/Z
« utilise excellent heavy flavor tagging and b/c separation
+ limits not competitive with SM, but important proof-of-concept
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https://cds.cern.ch/record/2209531

Light Dark Sector

Light Dark Sector
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Light Dark Sector

Heavy Neutral Leptons PRL 112 (2014)

« lepton violating B~ — 7"~ u~ search
 correction of mixing angle limits by Peskin and Shuve
» new analyses underway
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https://arxiv.org/abs/1401.5361
https://arxiv.org/abs/1607.04258

Light Dark Sector

Heavy Neutral Leptons PRL 112 (2014)
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https://arxiv.org/abs/1401.5361

Light Dark Sector

Resonances in B Decays PRD 95 (2017)

« B - K*Ouu and BT — Kt upu
« perform both prompt and displaced search simultaneously
« model independent limits provided for re-casting
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http://arxiv.org/abs/1612.07818

Light Dark Sector

Resonances in B Decays PRD 95 (2017)
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http://arxiv.org/abs/1612.07818

9
Q
2
O
1%
0
7
=
<
a
©
<
50
A

Resonances in B Decays

LI O
NS S —

p——
X XX X X X
KRR R R

Y R PV P P P
IR

SETTTRTTITTT LT
2R IRRLLIRIRLKS
SRRRIIIXKRIKS
R RRRKRKS

00
00
00
wwwwu»i
——
RRIIIIIIIIIIIIIR IR XS
=

st N
Rt e e oot te e e o0 0t 000% =
bbbbbb&kbbbbwm&%&&d&&%&%lf

o q
RIS / ]

XX

XX
0teleleledelododololototol

Y
SRR

EoRRRRKS

LIRS
- \\\\.\l

W

constraints

Cosmological

5

4

3
m, [GeV/c?]

2

1

2x10°

LHCb Stealth

Ilten



http://arxiv.org/abs/1612.07818

Light Dark Sector

Dimuon Spectrum PRL 120 (2018)
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« heavy flavour background (pgug), mis-ID background (hh), and
mis-ID with heavy flavour background (hpuq)

« jet isolation above ¢-mass to remove QCD background (primarily
Drell-Yan production)
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https://arxiv.org/abs/1710.02867

Light Dark Sector

Prompt Dark Photons PRL 124 (2020)
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» both prompt and displaced can be recast to general vector-like
model (see backups)
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https://arxiv.org/abs/1910.06926

Light Dark Sector

Displaced Dark Photons PRL 124 (2020)
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+ material a problem but under control (see backup)
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https://arxiv.org/abs/1910.06926

Light Dark Sector

Resonances on Resonances JHEP 147 (2018)
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» example of scalar resonance in plot, limits also for vectors and
double scalar production (see backups)
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https://arxiv.org/abs/1805.09820

Light Dark Sector

Resonances on Resonances JHEP 147 (2018)
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https://arxiv.org/abs/1805.09820

Outlook

Outlook
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Some Thoughts

« mature stealth search program at LHCb

« flavor: anything that requires PID other than pions/leptons
» displaced: 50 fs lifetime resolution

« narrow: 0.4% mass resolution
» trigger: flexible with real time calibration and full reconstruction

« all LHCb results available here

« inclusive di-muon dataset not exhausted

« di-photons are possible, see SciPost Phys 7 (2019)
 electrons should also be possible!
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/p/Summary_all.html
http://arxiv.org/abs/1906.09058

Outlook
Apologies

« Phil apologises for not being able to make it
+ blame Heathrow mis-management (not Phil)

» thanks to Martino for stepping in and giving this talk
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Backups
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Backups

Massive Charged Particle EPJC 75 (2015)
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http://arxiv.org/abs/1506.09173

Backups

Higgs Decay into QQ LHCh-CONF-2016-006
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https://cds.cern.ch/record/2209531

What Material? JINST 13 (2018)
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https://arxiv.org/abs/1803.07466

Backups

Resonances on Resonances JHEP 147 (2018)
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Mind the Gap
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Backups

Inclusive Production
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Backups

Dissociation
100 =
— signal
e signal w/out Py
--- background
07 s N,
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Backups

Detector Effects: Case (i)

[tb/GeV]

do
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dm,+,—

I signal
M background
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Backups

Detector Effects: Case (ii)

I signal
M background
B signal + background
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Backups

Discovery Potential
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Backups

The Competition
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Backups

New Physics in TM
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Backups

DARKCAST

» recast to any general model, e.g. 15 free parameters

A$T « available at

gitlab.com/philten/darkcast

e accompanying paper
Serendipity in dark photon

ARK searches

import darkcast
model darkcast .Limit ("B_boson.py") # Load a model.
limit darkcast .Limit ("LHCb_Aaij2017rft_displaced") # Load a limit.

# Recast the limit.
recast = limit.recast (model)

# Write out the recast.
recast.write("darkcast.lmt")

# Plot the recast.
for x, y in recast.plots(): pyplot.fill(x, y)
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https://gitlab.com/philten/darkcast/
https://link.springer.com/article/10.1007/JHEP06(2018)004
https://link.springer.com/article/10.1007/JHEP06(2018)004

Backups
The Master Plan

« given (m, ) for model A, solve to find (m, gp) for model B
oa(m, 1. )Ba(m)e(ta(m, 1)) = op(m, gs)Bs(m)e(rs(m, g5))
» absolute cross-section can be tricky, ratios are easier

oa(m, ) e(ralm, ) Ba(m)
op(m, gp) e(tp(m, gg)) Bp(m)

=1

@ branching fraction ratio: hidden local symmetries
@ cross-section ratio: hidden local symmetries

Ve (p,w, ¢, K*, K*) generated from U (3)y/
@ efficiency ratio: define proper time fiducial region with 7, and ¢

e(r) = e/ _ eTt1/T

Tlten E 3 LHCb Stealth 9 15/30



Backups
Widths

« width can be calculated perturbatively for fermions

2 2 2 2
g Cfo ms my
Lip(m,g) = Tom m(l—kﬁ 1_4W

« cy is 1 for charged leptons, 3 for quarks, and 1/2 for neutrinos

« @y is the model coupling for that fermion

« but ...below 2 GeV this prediction is no longer reliable

« use data instead!

I‘hadrons(rnag) = Fuu(ma g)R(m)

« R(m) is o(ee — hadrons)/o(ee — )
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Backups
The Datal
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Backups

B Boson
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Backups

Hidden Symmetries

but what about flavour dependent couplings?
use hidden local symmetries framework for VMD

vector mesons V € (p,w, ¢, K*, K*) are gauge bosons of hidden
U(3)y symmetry

vertices take the form PV;V; with P from the pseudoscalar nonet
pPe(mnn, K, K)
Tr(TVia TVj :Tp)

T are the meson generators, e.g. T,, = %(1, 1,0)

external gauge fields mix through V/
TI‘(Tv, )

is the fermion coupling vector (Q., @4, @s)

Ilten
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Backups
Vector Decomposition

Lr(m) =

g2

127

—m Z Cy, CV TI‘(TVZ, )TI‘(TVj,
Vi=V;

YRY(m)

10

o(ete”—V— hadrons)
o(eTem—ptu)

~

=210
R 0 V = w-like
_2 R
10 \ V = ¢-like _§I
10—3 . . . . | . 1 !
0.5 1 15 /3 [GV] 2
7 LHCb Stealth 9 20/30
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Backups

B — L Boson
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Backups

B Boson

1.0 . . . .
1 — e
—_
0.8} - 7 -
T vv
= === hadrons
2
S 06f .
&
o0
g
=
S 04} .
<
) \ ‘:“““
N
0.2F | H B
0.0 . . J o .
’ 1072 107! 10° 10! 10?

m [GeV]

Tlten E 3 LHCb Stealth 9 22/30



Backups

Protophobic Boson
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Backups
Production Ratios

 electron-positron annihilation and electron bremsstrahlung

oa(m, ) _ 0°Q%°
op(m,g8)  g52Q%>

» proton bremsstrahlung

oa(m, 1) _ 2(2Q4 + Q4)?
op(m,gp)  g52(2Q% + Q%)?

» hadron decays of the form ¥ — Y A

oa(m, 1) _ 23y Ie(T, Ty, Ty)Tr(Tv, Qa)BWy (m)
op(m,gs) 982>y Tr(T, Ty, Tv)Tr(Ty, Q) BWy (m)
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Backups

LHCDb Production Fractions

« templates taken from Monte Carlo and fit against LHCb result
I ' BT

08— A7 ——

[ |w— A7
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Backups
Efficiencies

+ define proper time fiducial region with /; and ¢,
e(r) = e /T —e/T
« for prompt limits, 7/, = 0 and #; depends on the boost

L max

y

t =

 for displaced beam-dump limits, relate /() and t;

Ldetector

ty =1+
Lighield

— upper and lower limits are solutions, equate and solve for /:

o(m, 0 )B(m)e (7(m, 0....)) = o (m, gmin) B(m)e (7(112; gmin))
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B — L Boson

Backups
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Backups

» quickly generate single particles from minimum bias events

- available at
gitlab.com/philten/cimba

» accompanying paper CIMBA: fast
Monte Carlo generation using cubic
interpolation

import cimba, random
# Create the random number generator.
rng = random.Random ()

# Load the interpolation grid.
grid = cimba.grid("data/ppl4TeV.pkl")

# Create the particle gun.
pgun = cimba.ParticleGun(grid, "all/211", rng.random, ptlim, etalim)

# Generate a particle.
pgun ()
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https://gitlab.com/philten/cimba/
https://arxiv.org/abs/1908.08353
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