Probing the Higgs Sector at LHCb
Techniques, Measurements, and Future
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Higgs Boson

» Today we have a successful theory, the
Standard Model, that explains most
of the experimental observations

* The Higgs boson, discovered in 2012
by ATLAS and CMS, is the last piece
of this puzzle. Is it really completed
or are we missing something?

symmetrymagazine.org
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» The Higgs field gives mass to the
particles, therefore Higgs Physics is
connected to most of open questions
in fundamental Physics

Origin of EWSB?
Thermal History of Higgs Portal
Universe to Hidden Sectors?

Stability of Universe

Fundamental
or Composite?

CPV and
Baryogenesis
Origin of Flavor?

Snowmass forum report on Muon Colliders: https://doi.org/10.48550/arXiv.2209.01318
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 We would like to know if there are deviations from the Standard Model

Higgs Physics: where we are

» Since the discovery a campaign for the measurement of its properties is on-going at the LHC experiments

- Until now, the measured couplings follow the Standard Model expectation

ATLAS-CONF-2019-005
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Nature volume 607, pages 60-68 (2022)
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Higgs Physics: where we are now?

 The Higgs boson has been discovered, but the

» Upper limits on Higgs to charm coupling
CMS pPreliminary
¢ Observed
----- Median expected

138 fb~' (13 TeV)

I | I | I I |

I
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95% expected
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* When accessible, it will be the first
measurement of the Higgs coupling with
a second generation quark
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Higgs field, responsible of the Electroweak
Symmetry Breaking and the generation of
particle masses, is not measured yet!

» [t can be determined by measuring the production

of HH and HHH events

1 1
2 2 4
V(H) = SmirH” + A3V H?® + 1)\4H ,
Nature volume 607, pages 60-68 (2022)
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- What is the role that LHCb can have in Higgs physics?

» LHCDb is well known for the excellent results on B physics

- But we have also many measurements on electroweak and QCD physics!

- LHCDb is now qualified as a general purpose detector in the forward region

W mass measurement

JHEP 01 (2022) 036
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Z+c-jet measurement (intrinsic charm)

LHCDb: not only flavour physics

Phys. Rev. Lett. 128 (2022) 082001
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Why Higgs physics at LHCb?

+ At first sight LHCb may not be seen as a detector for ~ H = bb pseudorapidity distribution

Higgs physics: L R
+ Reduced acceptance with respect to +£ LHCb simulation
ATLAS and CMS 3¢ 1s=13TeV
2F
- Lower luminosity due to leveling 15_
| 0L
* But there are also strong points: ik
» Lower pile-up means cleaner events HE LHCb acceptance
- Low energy/momentum threshold triggers —3;-
. Excellent secondary vertex reconstruction _45_1 o
performance is a plus for b- and c-jets tagging > 4 -2 0 9 4

CERN-2019-007 M,

30/09/2025 6 /38
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SM and BSM Higgs

TR

Standard Model Higgs
What is the LHCDb sensitivity to the SM Higgs?
Which are the best production/decay channels?

Which kind of detector and reconstruction
improvements are necessary for the Higgs observation?

Could LHCb be the third experiment for measuring
Higgs properties (and the first one in the forward
region of p-p collisions)?

30/09/2025

Beyond Standard Model Higgs
Could we take profit of the unique phase space?
Which kind of Exotic Higgs decays?

What is the mass range where we can search for
low mass Higgses?

Indirect searches? Higgs as portal to new physics?
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JINST 3 (2008) S08005

VErtex
LOcato

Tracking

Stations ~SPD Calorimeters

two RICH detectors

30/09/2025

B Muon
B HCal
B ECal
B Tracking

LHCDb detector

LHCDb is a spectrometer in the forward region

Track momentum resolution: 0.4% at 5 GeV and 0.6% at 100 GeV

Excellent vertex reconstruction system: impact parameter
resolution of (15 + 29/pt) um, ptin GeV

Muon ID efficiency: 97% with 1-3% 1 — 11 mis-identification

Electron reconstruction with bremsstrahlung recovery
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Jet identification at LHCb

e Jet: stream of particles generated by the fragmentation and
hadronization of a Parton

* |In Higgs physics we are usually interested in heavy flavor jets

* The jet tagging system takes advantage of LHCb features — precise vertex
reconstruction

* In Run 1/2 the efficiency for tagging a b-(c-) jets with a SV is of about 60% ’
(25%), with a light jet misidentification below 0.1% |

Displaced
cks

Secondary
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Vertex /
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 Two Boosted Decision Trees (BDT) are
used to identify b and c jets.

« Some observables in input to the BDTs:

\\ BDT(bc)

jets from light jets

To separate b-jets from c-

jets

SV mass

Fraction of jet p_taken by the SV

Flight distance X°

SV corrected mass

[a—y
T

-
pmi§§___.

BDT(blc)
o

t 2 2
Mcorr _\/MSV+pmiss+pmiss
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Standard Model Higgs
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SM Higgs at LHCE

Production modes Decay modes

q q b’ C
H

— — .>_ _—
BR(H—bb) = 58% —

g

_ H

__.>__

BR(H—177) = 0.2%

30/09/2025

BR(H—cc) =2.9% b: C
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The first LHCDb result on Higgs: H— 11

Performed using Run 1 dataset at 7 TeV collisions (1.0 fb-1)
Both SM (H—77) and BSM (H—AA, A—17) processes tested

Taus reconstructed in muon, electron, hadron and 3-hadron
final state

Not really competitive with ATLAS and CMS
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Dijet resonar

- LHCDb has the potential to look for the

decay of the Higgs to bb and c¢ quarks: Phys. Lett. B776 (2018) 430

. . x103 9 B L
» Excellent jet reconstruction S 2T LS B LHCD 8 TeV :
O I m600 = Signal Region _
. O ok 1 = —z '

Excellent SV reconstruction o UF LCb 8 Tov < " bata
. . N ol ignal Region d = A ] Total tainty _
»Low pr thresholds triggers (selecting SV- = °f gy | L Totat uncertainty
tagged jets with p1>17 GeV in Run 2) § 61 —aco . 'gzoo:— { _
: = O |y
« Separation between b and ¢ quarks S 4f 4 Data - W \ .
< i N AR 5 AT = O 5
_ O \
- The measurement of the Z—bb process 210 - N\ _
is a a proof of LHCb capabilities ol s Ty —200F :
50 100 150 i | l i
Dijet Mass [Ge V] 50 100 150

Dijet Mass [GeV]
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V+H productio

» LHCDb searched for V+H (V can be W or Z) in Run 1
data (2 fb-1 at 8 TeV), by looking at the dijet+lepton
(muon or electron) final state

- The two jets are required to have pt>20 GeV and
SV-tagged

»  One of the key aspects is that H—bb is an

irreducible background for H—cc. 51-5 - | | -

O BB :

- We can use the BDT(b vs c) to separate the two o IF - =E==E§§§ii“"'§ E
Higgs contributions 05 = EEEEE."EEE:.HE -

- T - s

» The optimal cut on BDT(b vs c) on both jets of =S-c== WEEEEEEEEE E
removes 90% of H—bb while keeping 62% of osF sSSSSsEss :
H—cc. : - = =]

LHCb-CONF-2016-006

30/09/2025 15/38
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V+H production

% 8 _— S - N ] § ESE . - @ sk 3
° LHCD preliminary S gL LHCb preliminary | | | E S LHCb preliminary S _E LHCb preliminary
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S 3 LHCb preliminary S 0.8f LHCb preliminary
—4— data =5 7 Is=8TeV c) ~ o7F 's=8TeV ¢
] W/z+H® x 50 5 6 WIZ+H’ x 1000 £ 00
B W+bb |5 @ 05
| Wice 4 - W+cG 0.4
- 3 0.3
B it 2
0.2
other backgrounds 1 other backgrounds o —
9277705 o4 05 05 07 Y S VR TR Y: 0.7
uGB(W/Z+H’ vs tf) uGB(W/Z+H" vs tf)
- 27.3 events expected — 20 observed. - 2.6 events expected — 0 observed.

- o0 x BR(H—bb) < 50 times the SM expectation at 95% CL - o0 X BR(H—cc) <6400 times the SM expectation at 95% CL

The upper limit on the charm Yukawa coupling is y°<80 y¢sm
Cannot appear so good, but it was the starting point for our extrapolation

30/09/2025 16/38
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= Inclusive H—+bb and H-

* As first step, the inclusive dataset with two SV-tagged jets (1.6 fb-! at 13 TeV) has been analyzed to
measure the differential bb and cc cross section.

» The technique for disentangle the bb and ¢¢ processes (using tagging BDTs) has been demonstrated,
and the the measured cross sections are compatible with the expectations.

» This was an important step for the search for inclusive H—+bb and H—cc (so mainly produced by
gg fusion)

JHEP 02 (2021) 023
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GBR = Gradient Boosting Regressor

* Inputs: 51 observables from the jet kinematic
and substructure

- The H — bb simulation has been used for the
training, this technique targets specifically
the Higgs reconstruction

* Improvement on the Higgs invariant mass
resolution, with respect to default Jet Energy
Correction (JEC)

- By applying it to sighal and background,
we expect an improvement in the Higgs
significance of 22%

New jet techniques at LH

LHCb-PAPER-2025-034

Regression technique for improving
the Higgs mass reconstruction

- Reco signal GBR

0.025 = Reco signal JEC
= Truth signal
o) L
0.020 JEC: 0=(19.02 + 0.33) GeV
GBR: 0=(11.80 &+ 0.23) GeV
0.015 Truth: 0=(6.32 + 0.21) GeV

malized to Unitv

= 0.010

01

N

().005

().000
125 150

my;, (GeV)

175
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Input features to the DNN

» Network goal: distinguish between
b, ¢c and light (labeled as q) jets c,
 Of about 400 jet observables as .
inputs, related to jet constituents Cy ] ‘ l ‘ | | | ‘
and sub-structure (divided in 4
categories) " I -
» 3 outputs: b-probability (Po), c- s
orobability (Pc) and light probability ~ n.J 0 -
(Pa) cesicaia ke
. Trained with bb, ¢ and light dijets -
simulation
- Secondary Vertex is not strictly | ] -
required

Exploiting the jet substructure: Deep Neural
Network for jet flavour identification

30/09/2025

Charged particles

New jet techniques at LHCb

Neutral Particles

1x1 CONV

LHCh-PAPER-2025-034

LSTM

1x1 CONV

Pb

LSTM

Dense Layer Pc

SV features

Global features

Pq

efficiency (TPR)

Receiver operating characteristic

1.0 A

0.8 -

0.6
0.4
,,’ — ROC b Vs c curve (area = 0.8355)

e s ROC b Vs q curve (area = 0.9513)

27 - ROC c Vs q curve (area = 0.8226)

,/' ROC bc Vs q curve (area = 0.9207)
0.0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
mistag (FPR)
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LHCh-PAPER-2025-034

New jet techniques at LHCDb

> 1.0 . 1.0
o .
.g b-jets .g c-jets - ]s)\lj%\]
EILTJE 0.8 - 13.18% 2 % 0.8 ~ LHCDb Simulation Preliminary
Z 979% Z
0.6 - — 0.6 -
T 10.57% 7
0.4 __ — DNN 0.4 —_ 53.43%
: R SVT - 23,56 30.83%
02 — LHCb Simulation Preliminary 02 - 24.19% :
0.0 1 | | 1 I 1 | | 1 I | 1 | 1 I | 1 | | 0.0 | 1 | 1 I | 1 1 | I | | | | I 1 | 1 |
0 25 50 75 100 0 25 50 75 100

p; (et) [GeV]

p, (jet) [GeV]

Tagging efficiency obtained assuming the same mis-ID of the SV

tagging (around 1%)
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==-~ Inclusive H—bb and H— ct searches

- Both techniques, energy regression and

O e weww 4 w0 e tagging DNN, have been applied to the
2 10k i, 1 39 —: 1  inclusive search for H=bb/H— cc (dijet final
) 4 H — ¢ € (SM yield) . ) 104 H - ¢ € (SM yield)
g ' 2 1 state)
- 10° r'-.. -3 *Performed using Run 2 dataset at 13 TeV
0 L l‘i T T collisions collected in 2016 (1.6 fb-1)
1 Mﬂ H m T H { 4 -Jets are SV-tagged by the trigger, but DNN
07 S ™ 0 0 200 20 0so o 10 20 20 requirements are applied to improve the
M; [GeV. M; GVl gignal significance
.  — . E— - Data-driven method for the determination of the
----- ST — =i | (QCD background: DNN is used to select a mixed
_ == | flavor data sample without SM resonances
T ! Observed upper limits
1 h Process | oyp / osm | Nup | oup [Pb]
ot H — bb 6.64 1587 211
o T e RN A b oo ad : oH 28y, H — cc 1003 722 1605
LHCb-PAPER-2025-034
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LHCb at HL-LHC

- The LHCDb Collaboration has proposed an upgrade for the HL-LHC era

» The goal is to collect 300 fb-1 of integrated luminosity with an improved detector

current LHCb » Upgrade | » Upgrade Il— roved jet
Né" 20 — :300 o _ energy reso n and
S 455 >  Vertex locator wit electron identification
o 3 4 & hybrid sensors: |
— — a c .
= 16— 12°0 2 SV reconstruction Side View Tungsten Mg M3
b — ~ = agne
§ 14_: — _— Magne: gtations SciFi TORCH “g";,‘:;',z?ng M2 M
E 12__ __200 E, &Silicon , gauiias ey
2.4 7 ; 1 &
5 10— ~ ~ —150 £
— - - 1= U r—
8— - =) | AN 1002 O
- — &) o 51 | et TT
4= 1 AR L
- —]50 e N\ _
2__ o : : = (J | — N\
_: u I 1 | 1 1 | 1 1 1 1 | 1 | 1 1 | 1 N 0 v ; i / ‘
2010 2015 2020 2025 2030 2035 |
Year
CERN-LHCC-2018-027 Phaserll Uparade
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==~ Prospects on H— c¢ search at |

-  With the new Vertex Locator the impact parameter resolution is expected to improve.

» An optimized selection for SV from c-hadron decays can be applied.

In our estimation the c-jet SV-tagging efficiency improves roughly from 25% to 35%.

per-c-jet SV-tagging efficiency Perfect detector, i.e. has true SV

o | - R i | CERN-2019-007 in kinematic fiducial region.
= - i
0.6/ D | I
T Tl e — e Phase-1l Scenario 2
i :%: ——m  S— ? - Phase-Il Scenario 1
- — | . Run 3
02 — Run1
5 T S ST S—T P Solid: IP X2 > 16 (as in Run 1)
p_(jet) [GeV] Dashed: IP X2>9
T
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==-— H—bb and H— ¢t searches with 300

2010100101010) Extrapolations W)z
g ; H done starting > -
' T from Run 1 and
“0000000 Run 2 results } N
) »
LHCb-PAPER-2025-034 CERN-2019-007

+ Expected H—bb limit with U2 — 0.2 x SM - Expected V+H—bb limit with U2 — 1.5 x SM
- Expected H— cc limit with U2 — 27 x SM. - Expected V+H— cc limit with U2 — 6 x SM.

» Upper limit of yc< 5 ycsy on the Hee coupling »  Upper limit of y¢ < 2-3 ycsm on the Hcc coupling

ATLAS/CMS HL-LHC y€¢: 1.5 times the SM

v

LHCb expected sensitivity on Y° could be very close to ATLAS/CMS
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~-=_ \Neasuring Higgs cross section at LHCb

Phys. Rev. Lett. 115, 091801 (2015)

o o R T 5 L S o o L L BT ol
Q. ATLAS pp—H M HRes + XH :
. 35F 4 data, tot. unc. we syst.unc. T XH = VEFswHeaHaboH 1, At | HCb we should have enough sensitivity
© 80 e , : to measure H—bb with the Upgrade 2
- :
8 o5t : detector
o0k ‘ - . 1 + Phase space complementarity with respect to
: : ATLAS/CMS is the selling point
; I | + Differential cross sections are very important for
- : ing the Hi heor

c | s : testing the Higgs theory

0 B T ] ¢ [ d@viations exists in the forward region of
g ‘ | pp collisions ATLAS and CMS won'’t be able
8 ’ + e FEwe . _ to catch them
fe , _ |
g 1—L—i——+————— fer s

-

0 02040608 1 121.4 16 1.8 2 22 2.4
|
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Jonathan Shlomi et al 2021 Mach. Learn.: Sci. Technol. 2 021001

- ATLAS and CMS already demonstrated that this

30/09/2025

kind of advanced tagging techniques can
improve a lot the Higgs measurements

Dedicated trigger lines with optimized tagging
requirements can help a lot

Further improvements: jet substructi

Graph Neural Networks

ParticleNet
Phys. Rev. D 101, 056019 (2020)

EdgeConv Block
k=16, C = (64, 64, 64)
.

2 v

EdgeConv Block
k=16, C = (128, 128, 128)
. J/

4 ¥

s ™
EdgeConv Block
k=16, C = (256, 256, 256)

- J
\

Global Average Pooling
¥

Fully Connected
| 256, RelL U, Dropout = 0.1 |

\J
Fully Connected

2
¥

Softmax

(a) ParticleNet

|

EdgeConv Block
k=7, C=(32, 32, 32)

EdgeConv Block
k=7, C = (64, 64, 64)

l

Global Average Pooling

l

Fully Connected
128, RelL U, Dropout = 0.1 |

!

Fully Connected
2

!

Softmax

(b) ParticleNet-Lite

FIG. 2: The architectures of the ParticleNet and the
ParticleNet-Lite networks.
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~—-—_ Further improvements: other channels

Jonathan Shlomi et al 2021 Mach. Learn.: Sci. Technol. 2 021001
S — . Decay channel  Branching ratio = Rel. uncertainty

| H — 2.27 x 1073 2.1%

TOOOO00 , 9 | 7 ’
J i : H ® H—2ZZ 2.62 x 102 +1.5%

‘, ‘ H— WtW- 2.14 x 101 +1.5%

e e H— 77" 6.27 x1072 +1.6%
b 7 —1 +1.2%

a) ) H — bb 5.82 x 10 e

_ —9 +5.5%

H — cc 2.89 x 10 Lo 0%

H — Z~ 1.53 x 1073 +5.8%

H— utp 2.18 x 1074 +1.7%

" . Other decay channels?

¢) d) }
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Beyond Standard Model Higgs
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Search for new physics

~

Indirect searches Direct searches

Hints of flavour anomalies Both approaches - Higgs-like resonances
followed at LHCb

b—s transitions Dark photons

Lepton flavour universality violation - Exotic Higgs decays
& 8
+
- / N g {1
L / . :
SIS .. ;’ZD ........ (,;)<
B° K g ‘ i
d d ' t,b H
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Direct searches: Exotic Higgs
decays
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==-~ Higgs decay to Long Lived Particle

Search for particles with long life-time, coming
from the decay of the SM Higgs

l

Exploit the LHCb vertex

R-parity violating

Hidden valley pions reconstruction neutralinos (NSUGRA)
A P ———— _b ______________ %‘_L-_

=0

Ty ! X1 d

HP° e < b <

E DL R Taetee e e H(125) ...~ "

b .
X\

At LHCb we have mainly considered two benchmark models for LLP
But results are available for re-interpretation

30/09/2025
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LLP decaying to jets

Eur. Phys. J. C77 (2017) 812

Pt et b ] Upper limit to
H° Wv< b | Fi he diiet i ' o(gg=H)
B s It to the aijet invariant ( _)H)-BR(H»nvnv)
< mass, in different ek
myv . .
b II’]’[GI’VBJS Of d |Sp|acement % Regions where B(H" — wymy) > 50% is excluded at 95% CL
— | L lll”ll | llll”l LI lll”ll | lll”ll | lll”ll L |l||||l
. RS == ATLAS 20.3 fb~' at 8 TeV
jet % 70 - w—=  LHCDb 2.0 fb~! at 7-8 TeV —
- = = CMS 18.5 fb~! at 8 TeV
. § 10 = 60} =
SV Jet S 103 (
i (| 50 _
R ~ 107
PV 5 10
;'g l 30 ! —
<
O . | .
. _ : 10~ : ~~ »- Now moving -
Signature: two b-jets 0 60 80 | to this region )
aSSOCIated to a Dl_]et mMass [GeV/Cz] R EEIT N R I R N AT B S R 17| R SN N A1 A R it
. 10~ 1073 102 10°! 10" 10 102
displaced SV 7y or [m]

ATLAS and CMS limits not up-to-date
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- LLP decaying semileptonically

1OZEur. Phys. J. C82 (2022) 373

LHCb

| » f _ ] o) 5.4 b (c)
- (R LSRN Fit to the neutralino mass S 10 |
1 o
H(125) e e Background from bb events O
_____ i i3 N —— g
; § ) LHCb_l — Fit: total 7 [
bao \ 8 0 54fb~ ... b.ackground | 8 10'1 3
5 e £ signal E &) :
g, - (C) ] .
g | : 10° T T E—
= 20 40 60,
5 1F = LLP mass [GeV/c]
H 1] : 10> ———————————
10-! b oI \J ] ; LHCb :
20 40 60 80 [ 1 ]
LLP mass [GeV/c?] 10 £ >4 (f) il

sV o =100 Ds °
Tested lifetimes from X3 b5

PV 20 ps to 200 ps
« 4 tracks SV

Cross-section [pb]
S -

Mass from 5 to 60 GeV

« muon with pT > 12 GeV

[a—
<
\®]

20 40 60

+ mass(SV)> 4.5 GeV LLPmass  [GeV/c’]
95% CL upper limits
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Light Higgs bosons
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Higgs to dimuons

JHEP 10 (2020) 156

Inclusive Prompt Displaced pomtmg "
Inclusive prompt 90% CL upper limits

@)
E 1pb
Prompt + b-jet Displaced non-pointing 100
”4. 10fb

b-jet
2 Higgs Doublet Model (H-X mixing, W|th X—up) 3
1 ? 1pb
-1 LHCb
g 0.1 (Run 1) 10fb
LHCH 1 1 v xlew]
2HDM type IV, tanf = 0.5 _| Prompt + b-jet 90% CL upper limits
0.01

-
}—
—
P
—

L lml

m(X) | GeV |
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Searches with B decays
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Hidden sector bosons

U U
=

. m « BT > Kt y(utpu)

) — =
H

- S

? LHCDb can search for new particles from
X " B decays: Higgs portal to new physics
Mixing with the Higgs < y ggs p pnhy

+

T -
|
|
|
|

14

Phys. Rev. D 95, 071101 Inflaton model
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» Higgs physics at LHCDb is possible!

 With the LHCb Upgrade 2, LHCb could measure the SM Higgs in the
forward region of pp collisions

- Excellent prospects on H—cc

» LHCDb can search for BSM Higgs in a phase space complementary to other
experiments

- Many other improvements are expected!

30/09/2025 Lorenzo Sestini
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Thanks for your attention!
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Open questions

ollaboration

Snowmass forum report on Muon Colliders: https://doi.org/10.48550/arXiv.2209.01318

» The Higgs field gives mass to the particles,
therefore Higgs Physics is connected to

most of open questions in fundamental Origin of EWSB?
Physics Thermal History of Higgs Portal
Universe to Hidden Sectors?

» We have the experimental proof that
neutrinos have mass: how the Higgs field

can generate it? The Standard Model ., Stability of Universe
cannot predict it!

+ We have the experimental proof that Dark . - cillg
Matter (or some unexpected gravitational or Composite? Baryogenesis
effect...) exists: the Standard Model cannot
explain it!

Is it unique? Origin of masses?

- The Standard Model and the Quantum
Field Theory cannot explain the Origin of Flavor?
gravitational mass of General Relativity:
the Higgs field should have a role!
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95% CL limit on o(pp — HH) fb
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Higgs field <5

"Collaboration

V(g) = 2124 + A’
° The nggS bOSOn haS been d|SCOV9red, bUt the : 4 Nature Reviews Phvsics volume 3. paaes 608-624 (2021)

Higgs field, responsible of the Electroweak Higgs
Symmetry Breaking and the generation of potential
particle masses, is not measured yet! Our —__~Stable

+ It can be determined by measuring the production ‘ > \\etestabe
of HH and HHH events m field

Nature volume 607, pages 60-68 (2022)

CMS 138 fb~' (13 TeV)
i ok —ky—1 ——Obssved  --Medianexpected |  Limits on the Higgs potential after symmetry breaking:
i — Theory prediction -Sgci) gt expec:eg‘ trilinear coupling 1 1
""" o lbewected]  obtained by the 2 112 3 4
109F { CMS experiment V(H) — _mHH + ABUH | )\4H .
| < 2 4
Standard Model self-couplings:
_ _ 2 2
] A3 = A\ = my /20" = Asu
Excluded | Exciuded - It is not possible to measure all the terms of the Higgs field at the
\ N\ High Luminosity LHC: new accelerators are needed!
L) R T N P R T R B N R
6 -4 -2 0 2 4 6 8 10
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https://www.nature.com/
https://www.nature.com/natrevphys
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Int. J. Mod. Phys. A 30, 1530022 (2015)

Muons at LHCDb

? 1.25 | | ' '
b\:115— LHCb t
&
S 09 s
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Relative momentum resolution versus momentum for
long tracks in data obtained using J/— U1 decays
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Excellent muon performance from low to high momentum
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» The other backgrounds are W+bb/cc and top

- A multivariate method (uniform gradient boost, uGB)
has been used to separate the backgrounds from the
signal

 |Inputs are 12 kinematic variables of jets and leptons

 Two uGBs are trained in order to be uncorrelated
with the dijet invariant mass

» Atransformation is applied in order to make the
distribution flat for the Higgs

» The upper limit is set by using the dijet invariant mass
and the two uGBs distributions

30/09/2025

W/Z+H productic

LHCb simulation preliminary s =8 TeV

LHCb-CONF-2016-006
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Lepton flavour violating Higgs decays

Search for H—=ur
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Not competitive with ATLAS/CMS for the SM Higgs,
but a wide range of masses has been studied
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g LLP — e~ U
} | _;L_ | <
g LLP

Lepton flavour violating LLP
decay

Signature: electron-muon pair
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Eur. Phys. J. C81 (2021) 261

LLP decaying semileptonically

Mass from 7 to 50 GeV
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Dimuon searches

PHYS. REV. LETT. 124 (2020) 041801

~ 10’ ; —
_ _ _ o LHCb
+ Since Run 2 we have dedicated trigger < 10° _ ' = isolation V5 = 13TeV
] ] + applied romot ut -
lines for dimuon searches ‘gi’ 10° | = prompt u™ p
£ HQHQ
+ We have used them to put the most stringent < 10°]
constraints on dark photons in the mass § 10°
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S 1 10 |
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