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LHCb Is a spectrometer in the forward region at the LHC
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VELO: great primary/secondary vertex reconstruction
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VELQO: great primary/secondary vertex reconstruction
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Magnet: provides the bending power to measure the
momentum and charge of the charged particles
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1T and T stations: reconstruction of charged particles
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1T and T stations: reconstruction of charged particles
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ECAL.: identifies electrons and photons by measuring the
energy of the EM shower they produce
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Electron ID at LHCb Phys. Rev. Lett. 122, 191801 (2019)
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—CAL.: identifies electrons and photons by measuring the
energy of the EM shower they produce
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MUON stations: identify muon leptons, the most penetrating
charged particles.
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Dark sectors

Different Dark Sectors could communicate to SM through portals
Portals generated by Quantum Mechanics between sectors that don't interact classically
—xXamples of portals:

€ dark quarks”?
~ Vector portal (A'): _JF /fwB”” P
W
Scalar portal (H): (1S + AS YH'H g7
a _
~ Axion portal (a): JTF WF/"”
a dark leptons?

Neutrino portal (N) : yyLHN

15



Dark photons
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dark quarks®?

dark forces?

dark
higgs?

dark leptons”?

EAEM

A

“QED" with a mass effect

A/
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|[Comput.Phys.Commun. 208 (2016) 35-42]

LHC bunch crossing (30MHz) :

Maximum achievable rates
shown in parentheses

LO hardware trigger (1MHz)

HLT1 software trigger (150kHz) (SRR :

Real-time alignment
and calibrations

Offline reconstruction and
associated processing

User analysis

Offline reconstruction and
Calibration associated processing I

|
1!

. | |

- IVIC AVl
Technology

a7

Novel Run 2 technique : TURBO
stream
Not save the full event, only
candidates
Needed to cope with the
large mass window:

- [200 MeV, 70 GeV]

More novel technigues to deal
with dark photons in Run 3 later
N the talk
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https://linkinghub.elsevier.com/retrieve/pii/S0010465516302107
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Searches for Dark Photons [Comput.Phys.Commun. 208 (2016) 35-42]

LHC bunch crossing (30MHz) - Maximum achievable rates
shown in parentheses

LO hardware trigger (1MHz)

HLT1 software trigger (150kHz) SRR :

Real-time alignment
and calibrations

Offline reconstruction and
associated processing - /f o o

User analysis

Offline reconstruction and [N IRRAEADNRNARENY
Calibration associated processing P -

Novel Run 2 technique : TURBO
stream
Not save the full event, only
candidates
Needed to cope with the
large mass window:

- [200 MeV, 70 GeV]}

More novel technigues to deal
with dark photons in Run 3 later
N the talk
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https://linkinghub.elsevier.com/retrieve/pii/S0010465516302107
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Dark photons: main production mechanisms [PREL 116 (2016) 25, 251803]

- A"mixes A with a small coupling €
Relevant production term in pp collisions:

' I ' ' ' Y I ' : ' ' I —

S €M, e i :

DP X A ?—% “ o | \f—KK larons .

BEM aEMG//t//t(Nf + %ﬂ) tﬁ/:: ; \ - =

Normalize wrt prompt muon production | 1g / RSl &

— N 3 e i = \%

. Take EM current to hadrons (£, e B o N B

H 107! = kg L 1) BT

directly from data / X >
10-2 : F =t \‘ / \%j‘} !

/ . ? F=2(mtm" [ =

- A" produced in meson 5 ! :

decays for 10~
m(A") <1 GeV

Drell-Yan afterwards [JHEP 06 (2018) 004]

19
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https://doi.org/10.1103/PhysRevLett.116.251803
https://link.springer.com/article/10.1007/JHEP06(2018)004
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Dark Photons: prompt search PRL (2020) 124 041801]

Using templates . prompt p " from data at m(J/yw) and m(Z2)
for min[yz] and XVr e from simulation (validated)
(small mass dependence) BN hh A+ hpg from same-sign dimuons (corrected)
m(A’) = 0.5 GeV m(A’) =35 GeV m(A’) = 50 GeV
s | T LHGb: s b /= 1HCb] S wf  ——LHCb  prompt i
£ 200001 I — g 1500 — E 4 . 1 n
S i i S N . s 150 oo —
% ! % 1000F . % Wik +huo
S 10000F L - S E ] S 100 4 E
i i 500 - 505_ _
) o : I S i
Z e L g .
0 0.5 | 1.5 2 0 0.5 | 1.5 2
min[y2,(u)]" min[y2,(u)]"
' ' ' N ' ' ' ' L ' ' ' ' L |§
LHCbH L isolation | prompt-like sample
Vs =13TeV i & applied f: pr(p) > 1GeV,p(u) > 20GeV 3
: ' - ! B | prompt ptp” E
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-
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https://doi.org/10.1103/PhysRevLett.124.041801

Material interaction back

Fraction /0.5

1 — 1T __‘* . T T T T T

FLHCb -
- [
102 I
10_3 ——
0k _I__I_ * Data
—— ¥ conversion
107 F
: — T(A")=1ps
-6
10 F —1(A") =10 ps
=7 ! I ! ! ! I ! ! ! I ! ! !
10 ~6 4 ) 0

logglmaterial p-value]

grounds

(signed) » [mm]
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JINST 13, PO60038 (2018)]
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Method to identify particles created in secondary vertices in interaction with VELO
- Three dimensional map produced from data sample of secondary hadronic interactions
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https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06008

Adrian Casais Vidal (MIT) - EPFL seminar

Dark Photons: displaced search PRL (2020) 124 041801]

Material background is mainly from photon CONVErsions
Isolation decision tree from BY — utu~ search:

Suppress events with additional number of tracks, i.e. ¢ from b- hadron decays.
Fit in bins of mass and lifetime - use consistency of decay topology )(

. 90% CL npper limit on 'nob[m (A, €% / n&[m(A"), &2 >y T 8
0t ————— £ | LHCb )
W _ -
i g 10 = _,E, ’
i | E E 5
-9 - N o 2
10 g i o - 4 XDF
:
4 - R
3 - o 9
-10 - - e
0E - ? i o 1
B 1 I 1 1 l | l 1 1 1 — , , , | | | | | | | R O
250 300 350 0 250 300 350
m(A’) [MeV] m(u*u”) [MeV]

-+ INo significant excess found - small parameter space region excluded:
* | FIrst limit ever not from beam dump.


https://doi.org/10.1103/PhysRevLett.124.041801

Adrian Casais Vidal (MIT) - EPFL seminar

Dark Photons: results PRL (2020) 124 041801}

- Results obtained with 5.6 fb-Tat 13 TeV

- Prompt search in large range: 2m(u) < m(up) < m(2)
- Displaced search in sensitive region 214 < m(uu) < 350 MeV

1072

[
—

Ll

107> g NASS/y W BaBar

107

107

10°°

1072 107! 1

m(A') [GeV]


https://doi.org/10.1103/PhysRevLett.124.041801

Dimuon resonances: model independent
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[JHEP 10 (2020) 156]

_ , Inclusive Prompt
+ no isolation

requirement
+ non-zero width
considered

#+

>
//"'

//
‘i

Prompt + b-jet

. pe
+ non-zero width

considered

K

b-jet

u-

Displaced pointing

U

——® “=::::::::::\‘ —U

Displaced non-pointing

.+.

MY =
p— X

K

Model iIndependent searches allowing for different topologies
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https://doi.org/10.1007/JHEP10(2020)156

Dimuon resonances: model independent
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[JHEP 10 (2020) 156]

Prompt inclusive

10 pb

| GeV ]

pT

100 tb

LHCb 1o

Prompt beauty assoclated

LHCb

10 pb

| GeV |

1pb

pT

100 tb

10tb

m(X) | GeV |

lOglo [F(X)/ MGV]
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Non-negligible width considered for
higher masses
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Dimuon resonances: model independent [JHEP 10 (2020) 150]

|, + ©  LHCb

1 -1 : : X = pTpu~ + 2b-jets

. -

10

i . . X . I . : . s i . . . . I
0 25 30 30

Candidates / To[m(p*u™)] = 1 GeV

m(ptp~) [GeV]

Search for the excess found by CMS [JH
No excess found

> 11 (2018) 161)] in utu~ + bb
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Dimuon resonances JHEP 10 (2020) 150]
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The upgraded LHCD detector
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The upgraded LHCb detector
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The upgraded LHCIo detector

JINST 19 (2024) 05, PO5065]
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Ihe upgraded dataflow
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LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate
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The upgraded dataflow LHCb-FIGURE-2020-0106]

- ~

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building) |

-Software High Level Trigger :
i . Side View
Full event reconstruction, inclusive and

exclusive kinematic/geometric selections f Magnet SciFi  RICH2

Tracker

f !

)
71| //RICHI .
A ] UT

{

Buffer events to disk, perform online
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upgrade
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Allen: a GPU High Level Trigger for LHCb [Comput.Softw.Big Sci. 4 (2020) 1, /]

REAL-TIME STLLITTENNN
ALIGNMENT & 'xx
CALIBRATION .

6%
I caLB §
I EVENTS §

4 TB/s
30 MHz non-empty pp

PARTIAL DETECTOR
RECONSTRUCTION

OFFLINE

PROCESSING

FULL DETECTOR
FULL Y cTo

DETECTOR

RECONSTRUCTION
& SELECTIONS
(CPU HLT2)

& SELECTIONS
(GPU HLT1)

1 FuLL |
§ EVENTS §

READOUT

All numbers related to the dataflow are

taken from the LHCb ANALYSIS

1 s% |
: : s o PRODUCTIONS &
Uparade Trigger and Online TDR gyg&% 2.5 USER ANALYSIS

Upgrade Computing Model TDR
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Allen: a GPU High Level Trigger for LHCb [Comput.Softw.Big Sci. 4 (2020) 1, /]

+ GPU: a LOT of threads > ©(1000)
+ Grouped in blocks of threads

- Parallelisation:

- Grid <«—> Set of events
- Event «— Block

+ Track «— Thread
- No dynamic allocation:
+ Count first write later

+ The size of the arrays are set before running each kernel
+ Single precision floats

Grid

Block(O, 0)

R

Block(1, 0)

s

Block(2, 0)

S

Block(O, 1)~

Block(1l, 1)

“\Block(2, 1)

D
\ N
N
\ N
AY A Y

Block(1, 1)
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Allen: a GPU High Level Trigger for LHCb. [Comput.Softw.Big Sci. 4 (2020) 1, 7]

1 struct point3D { 1 struct pointlist3D {
2 float x: 2 float x[N];
3 float y; 3 float y[N];
4 float z; 4 float z[N];
5 }; 5 )}
6 struct point3D points[N]; 6 struct pointlist3D points;
7 float get point x(int i) { return points[i].x; } 7 float get_point x(int i) { return points.x[i]; }
AOS layout SOA layout
Thanks to
Renato ° 8 : 8
Quaglham Tor - Contiguous memory access: structure of arrays (SoA)
the diagrams . Structure of "BIG" arrays that hold information of a bunch of events

Adequate when a lot of memory is being written/read at the same time
Block Index + Thread Index — Position In the array
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A track thrOugh | HCb
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Fast tracking: momentum parameterisation |[EEE Access 12 (2024) 114198-114211]

\,? T ! LR B L — ]
=141 ——
g - : ——
. g 1.2 - —— -
S 1F — =
2 F —— :
= 08— —— LHCDb Simulation 7
B -E: Bs — q) (P -
B 06 ¢ presolution -
= N ¢ X reso%utlon -
S r 6 resolution i
] 0.4F S distbution -
B ¢ _‘_—.——.—_.__._ o—=
0 L R m—m——m— ' _‘—"XIO3

0 20 40 60 80 100

p [MeV]

- Basic idea:

Expand | | B X d?\x = Zg Ci(At)i

- Obtain a map by fitting the coefficients to polynomials such that:

X,m>"y,m
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Downstream tracks

Baseline reconstr

Jction:

- Long tracks (V

—LO + UT + Sc

=)
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[Eur.Phys.J.C 84 (2024) 6, 608]

- Alternative for very displaced signatures:
+ Downstream tracks

- Access to 7 > 200 ps

+ More challenges:

- \Worst vertex resolution

- Copious displaced backgrounds:

0
. K9 A

VELO
I —

VELO track

Upstream track

Long track

Downstream track

T1 T2 13

T track

38


https://doi.org/10.1140/epjc/s10052-024-12906-3

Adrian Casais Vidal (MIT) - EPFL seminar

Lipschitz constrained NN [Mach.Learn.Scl. lech. 4 (2023) 3, 035020

Robustness |
Strict bound on the slope of the function 1-0'? ;bttd
Natural way of rejecting noisy outliers o5l
Monotonicity:

0.0

Trigger:
Especially interesting for p,- and displacement |

-1.0f l‘l

1.0 1.0 *
-1.5F

().¢ '().t )
2 0.6 monotonic 0. 5 20
2 monotonic BDT Lipschitz NN 7 -3 -2 -1 0 1 2 3
= (.41 _ 0.4 =

unconstrained NN £
0.9 B data distribution |5
efficiency
0.0 ' . . ' ' : ‘ —(.0
0 10 20 30 0 10 20 30 0 10 20 30

Lifetime [ps]
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Dark Photons: Run 3, PID in real time LHCb-FIGURE-2024-003]

Dedicated electron |ID using Lipschitz constrained
Neural Network
Reconstruction of electron features at HLIT 1

Signal efficiency

—lectron cluster dispersion
—lectron cluster barycentre
- 50% improvement wrt baseline EoP based

selectior LHCb Simulation Preliminary
- “Hyper-turbo” selection: 0.0 I
~rompt dielectrons are saved to histograms 075~ NNbased PID
right before the event is triggered N el
-ully reconstructed events are prescaled 0.7, v - - - -
Necessary to cope with the large amount of | ' ' ~ Background rejection

background
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Dark Photons: Run 3, PID in real time LHCb-FIGURE-2024-029]

+ Dedicated electron |ID using Lipschitz constrained

Neural Network 2" 1,00

- Reconstruction of muon features at HLT1 5
Dispersion of hits around track extrapolation 8 0.95
Match between muon segment and track ;%090

+ TIming features

Hit reconstruction pattern distribution 0.85
- 50% imprOVGmeﬂt wrt baseline muoniD LHCb Simulation Preliminary
« XCop WINST 15 (2020) 12, T12005] 0T
- "Hyper-turbo” selection: 0.75 — Lipschitz NN
Prompt dimuons are saved to histograms right T AMuonCor
before the event is triggered 0703 0.6 0.7 03 0.9 10

Background rejection
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Dark Photons: Run 3, PID in real time LHCb-FIGURE-2024-029]
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> 05y
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Dark Photons: Run 3, PID in real time LHCb-FIGURE-2024-029]

|3~ '
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Dark Photons: Run 3 2203.07048]

Better reach for the dimuon search: expected to improve LHCb Run 2 result
During Run3 we can take all the Run?2 data in ~ a couple of months
107 e e et e e

: Hli
[ l‘x:
5% —
.
10_3 — P e
— PR N —
| am® —
SR R N N AT Ll —
s
10 g =
L T = JI;HCb(CT = 14 ym) —
107 - —=
: zn..;\.}.: :
B , ‘W .~. cr=1lcm —
10—6 Lo o1 1| | Lo o1 | oo 4l AR Lol

10~ 107" | I 10



Adrian Casais Vidal (MIT) - EPFL seminar

Dark Photons: Run 3 2203.07048]

Serious sensitivity below the 2u threshold: dielectron channel
—xploit the largely produced 7'/ n — e*e y to easily normalise

W 10_2 = T T 1] | —T T T T T T T T ”(
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Dark photons: the fog of war 2209.04671]

1077
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https://arxiv.org/abs/2209.04671
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True muonium 1Phys.Rev.D 100 (2019) 5, 053003]

- Standard Model bound state
- Very clear QED prediction
Never observed

. Same final stateasa A’ — eTe

Mainly produced as y — vy M
Discovery potential using the full Run 3

+ Two decay channels: eTe yand eTe™

0.00 0.05 0.10 0.15 0.20 0.25 0.30
e [unitless]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.053003

New results coming soon: Dark Scalars, ALPs and HNLs
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Heavy Neutral Leptons
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[PRL 112 (2014) 13, 131802]

—— LHCbRun | B¥ >pu*N(u*x~)

— NAJ3 pion beam dump

—— Belle B> XuN displaced N—
—— DELPHI Z— vN prompt + displ.

— ATLAS W—{N displaced N—>pupuv

—— BEBC
—— NuTeV

CMS EXO 22-017
— CMS EXO 22-019
— CMS EXO 20-009

All Previous Limits

my [GeV]

Thanks to Spencer Collaviti for the nice plot

Weak results coming from Run 1: BY — utN(u*n™)
LHCb preparing a new result using Run? data
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Heavy Neutral Leptons [Eur.Phys.J.C 84 (2024) 6, 608]

HNLs. BC7

Y ¥ . 4 T T
Excluded ~ .

HNLs. BC6

B :
Excluded ~.
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~ 1078 ~ 107°
> 107 s T 1077
107 —— Downstream, _ 5, 107° — Downstream, _,. .-
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0.5 1 . > 10 10705 1 5 10
my [ eV] mN [GeV]
J + Promising prospects using Downtream
\ tracks
~, \  New thing at the trigger level
D \
\
1078 —— Downstream, _ 25;,:
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Coming up next: Higgs portal 2203.07048]

+ Dark scalar coupling to the
Higgs via mixing angle: @

3 107 5 - B — Kydecays
107 - - Penguin decay
- enhancement thanks to

1076 A the top quark mass
107 B h+h\Ruﬂ3 Runs | - Best limits placed by

TR~ A / 2 LHCb using Run 1 data
10‘%— i el S 5 = - Upgrading with Run 2
0 b \ S \ B - data now

- Ah~ Run 6 phu Run 6 =  New strategies involving
L T larger decay volume for

my | GeV | Run3!

| HCDb results: PRD 95 (2017) 7.071101,
PRL 115 (2015) 16.161802. )



https://doi.org/10.1103/PhysRevD.95.071101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.161802

Adrian Casais Vidal (MIT) - EPFL seminar

ALPs coupled to gluons PRL (2019) 123 031803, 2203.07048]

- Similar to Higgs Portal:

— 10_2% = “nhancement for B —» KMa
S - decays
=107 =+ Gluon coupling dominates in
3 F - [1,3] GeV region
107 £ |+ ALP to hadron decays
= N nNe T - ca—> N
10_55— = *d >N Y
: - ca—-
107 >+ Current limits:
M [GeV] - BaBar recast of n and i’

spectra
- We are also updating with Run
2 data now
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https://arxiv.org/abs/2203.07048

ALP — yy
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[JHEP 1901 (2019) 113]

- ALPs produced by gluon fusion decaying to yy

Light ALPs not reachable for ATLAS and CMS

- Current best limits in mass gap done with 80 pb-1
Result with the full 2018 dataset coming up VERY
soon.

- We expect to improve projected sensitivity

-irst LHC analysis using only unconverted photons

J [TeV]

| memme o

LHCb Yy 8fb~l  QCD axion quality A=6

11074

Sayy [Ge\/—l]

11073

23



+ Major challenges:
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ALP - yy [JHEP 1901 (2019) 113]

- Unefficient HLT1 with no dedicated ECAL reco |
- ECAL dynamic range penalty: £, S 12 GeV

- Huge load of 1) — yy background
+ Non-negligible amount of material before the magnet

11074

~ 0.4X, — 50 % of diphotons convert before g > B oected 5
magnet PRI N | HCb L
- Resolution X 10 worse than with tracks { sensitivity 10
- Improvements since the pheno paper: 003| (unofficiall
+ Major background reduction thanks to isolation z

+ Efficiency estimation was off though 1072

m, |GeV]

o4
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Take home

+ LHCb has shown world leading A’ = u™u~ results using Run 2 [2016,2018] data:
Prompt decays with m(A”) € [2m(u), 1 GeV]and |1 GeV, 10 GeV]

Displaced decays with m(A”") € [2m(u), 350 MeV]
+Very relevant updates are expected for Runa:
+ More integrated lumifor A" — u™u~
- Tight muon ID at first trigger level allows to soften kinematic cuts
. A’ — eTe for the first time at LHCb thanks to GPU trigger
- Dedicated electronlD at first trigger leve
. Copious 7°/n — e*e™y productior
- Store histograms before triggering allows to keep all candidates
- Stay tuned for new results coming from ALP and Dark Scalar too!
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Searches for Dark Photons [PRL (2020) 124 041801]

- Event selection:

- Hardware trigger stage: - Long-lived (prompt) search:
- pr() > 1.8 GeV || pr(u1)pT (U2) >1.5 (GeV)? * pr() >0.5(1.0) GeV

- Software trigger stage: - p) > 10 (20) GeV
- MuonlID criteria - Inconsistency (consistency) with origin at the PV
- Good quality vertex

- Offline:

- Dimuon isolation strategy

Prompt search misRECO backgrounds:

- Double mis ID (hh) : 1 as prompt hadron, most likely a pion
misID (/#) + misRECO (,th): U from b(c)-hadron decay and reconstructed as prompt
Double misRECO (ko)

Displaced search backgrounds:
Photon conversionsto 4" in the VELO (matter veto strategy in the back-up)
b-hadron decays with two muons produced in the decay chain
Low mass tail from K — ztz~ where both pions misidentified as muons
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PRL 113 (2014) 20, 201801]

Dark photons
Fasy to make calculations: 8
- QED with a mass effect I
:

- A" mixes A with a small coupling &€
Only back of the envelope calculation is needed

nete
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Dark Photons: prompt search
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PRL 120 (2018) 6, 061801]

ek
-
~

LHCb
Vs = 13TeV

ik — —
S - -
w D o)

Candidates / o|\m(up)|/ 2

10°

Iprom]gl)t—likle Sémﬁlel
pr(p) > 1GeV,p(u) > 20 GeV

e
L p®

10* 10°
m(pp) [MeV ]
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Dark Photons

Adrian Casais Vidal (MIT) - EPFL

seminar

[JHEP 06 (2018) 004]

A’ model

JF =hadrons

cc — A’
ss — A

L

bb — A’

10 m | GeV ]
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Dark Photons: latest updates from CMS JHEP 12 (2023) 070}
N :CMS - 96.6 fb~1 (13 TeV)
o Cs Type IV 2HDM+S model |
tan,B=O.5—§
3 4 s s 7
m, [GeV]

CMS 96.6 fb~' (13 TeV)

LHCb

BaBar

CMS



https://doi.org/10.1007/JHEP12(2023)070
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Dark Photons: Run 3 2203.07048]

1074,

107
1061
1077}
% 108
10 9}

10~10]

10~

W 10~ 102 107! 10" 10!

ma |GeV]|

Extended reach through D* — DA’
+  Better mass resolution through constrained decay tree

—asier to trigger: rely on D°
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ALPs coupled to gluons [PRL (2019) 123 031803]
Similar to HP:
S . S T : - Enhancement for B — KMa
m@ ? aawg\\f //\ a—smrm ' o'L"""LL;;co;;;gd for (dashed) % d ecayS
-1 L e . . i
- \/ “g"‘ - Gluon coupling dominates in
107 & 5 a [1,3] GeV region
10~ b ‘ - - ALP to hadron decays
= 3 4+ -
107 - ‘ - a—>nNn'n
N ; a—>n'nwYy
gt 5 i - — 0
o E a—>nT o«
: \/ Current limits:
=7 ! ! ! ! I . . . 12 I 1 ! |
Y 1 2 3 BaBar recast of # and 1’

Mo [GeV] spectra

We are also updating with Run
2 data now
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ALPs coupled to gluons [PRL (2019) 123 031803]
+ - Similar to HP:
—107 — my m _ i “nhancement for B — KMa
i B Pa= ST = T = Ly (dnshe) _ decays
=<10° |- e Y - Gluon coupling dominates in
g - e — — [1,3] GeV region
10° = = - ALP to hadron decays
N e | E - a—natn”
I - I A
107 - ™~ —— - a— atn
— - - Current limits:
10~ I T T3 BaBar recast of # and 1’
mq |GeV] spectra

- We are also updating with Run
2 data now
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Coming up next: Higgs portal [JHEP 11 (2019) 162]
Q 1 E — [ e | ' e
= : -
2 : S g + Dark scalar coupling to the
Q. - Tm=N ] - . . .
- \ Higgs via mixing angle: @
s S - BY = K*y decays
r g k- - Penguin decay
ol VNV N
- i ~ enhancement thanks to
m— K K
107 = — the top quark mass
: _:;"'“*“' - - Best limits placed by
[ | v g LHCb using Run 1 data
. . - Upgrading with Run 2
i 1 2 3 data now

4
M, (GeV/c?)
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HIggs portal
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JHEP 11 (2019) 162

100

O
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—
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10 15
Scalar mass [GeV]

2.0
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-iggs portal: The Run 1 result

111104 ]

2023) 11,

(

PRD 95 (2017) 7.071101, PRL 115 (2015) 16,161802, PRD 108

- Dark scalar coupling to the Higgs via mixing angle: @

. BY - K*y decays

* Penguin decay enhancement thanks to the top quark mass

- Best limits placed by LHCb using Run 1 data
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https://doi.org/10.1103/PhysRevD.95.071101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.161802
https://doi.org/10.1103/PhysRevD.108.L111104
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Coming up next: Higgs portal [PRD 101 (2020) 9, 0950006]

1071
{ \
!

10—25

. Assuming 50 ab~! Belle should have

10—3;
: very strong prospects

1074

Ms [GeV] 68


https://doi.org/10.1103/PhysRevD.101.095006
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Dark Scalar: Downstream tracks [Eur.Phys.J.C 84 (2024) 6, 608]
Dark photons 10_5 Dark scalars (BC4)
107>} Excluded -
1077
= 10—8
107 N '
Y _ D
107" | - |
: -11| ST ’ _
1 O_1 3 10 Downstream, , -1
—— Downstream,;q,+ — FASER ——— LHCDverd gung, - - - - - Downstreamgy, .1 FASER — MATHUSLA
10-15F== €aMyng 1= = = EA/SQRZ - = = LHCbyeLoRune - —— SHiPg 20p,r  --- FASER2 ~ — CODEX-b
0.05 0.10 0.50 1 0.2 0.5 1 2 S

my [GeV] ms [GeV]
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| LP decaying to e*u v

Massive particles with with long lifetimes in BSM models:
Direct pair production (DPP)

Higgs decay (HIG)

Charged currents (CC)

Results of this analysis can be interpreted as:

Neutralino 7 in R-parity-violating SSM

Right-handed neutrino N

Dataset: 5.38 fb~! of run 2 data (2016-2018) at v/s=13 TeV
Parameter space searched Iin:

m & [7,50] GeV g LLP

g LLP q
7 € [2,50] ps <, /
e, .-l
1%% - ]_ - DAVAY U\/:v\(
l
@5} \
- ( N )
,-
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| LP decaying to e*u v

Signal yield:

. Two componentes of bb — ei,u“_“X background
- AR < 1: shot flight distance
- AR > 1: long flight distance

- Simultaneous maximum likelihood fit:
- Corrected mass and flight distance

- Background PDF parameters free
- Signhal PDF parameters fixed from simulation

- Signa

fractions gaussian-constrained by simulation

Candidates/(0.85 GeV/c?)
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L LP decaying to ei,u +u [Eur. Phys.

Results
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J. C 81, 261 (2021)]
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Best sensitivi
Both same-sign and different-sign muons final state

Both le

oton-number-violati

Heavy neutral leptons (HNLS): candidates to explain neutrino
smallness

Detection through mixing with SM neutrino and semileptonic decay

Ng/-CONSErving scenarios

vioN = u=qq’ c

ecay

This allows HNL to have Majorana nature !
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HNL searches in W — utu™jet [Eur. Phys. J. C 81, 248 (2021);

Dataset: 3.0 ﬂo_1 of run

(2011-2012) at

data

s=7,8 TeV

Parameter space searched In:

m € [5,50] GeV

HNLSs typically prompt in the mass

window
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HNL searches in W — utu™jet [Eur. Phys. J. C 81, 248 (2021)]
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HNL searches in W — utu*jet [Eur. Phys. J. C 81, 2

Results

No significant excess found

Upper limits on branching fraction (B(N — > ujet) |

set using CLs methoc
- First limit for ppjet signature for My, < 20 GeV
- First lepton-number-conserving limits for prompt HNL
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Belle Il: eTe™ — ya,a — yy [Phys. Rev. Lett. 125, 161806

| 1 . | Belle 1 (2018) t Data
Dataset: 445 pb™ from 2018 pilot run L% Tiat = 445 po m= e etel(y)
Search for ALPs produced together with a ¥ % - (a) 27, NIC'stat. uncertainty
Signature: © 00T
. —
3 Isolated photons ]
Selection: @ 200r
O
O
0.88y/s <M, < 1.03y/s 2 ol
Backgrounds: S |
_|_ — N
e e — ,
Lo }/Z_}/_ 0 0 20 40 60 80 100
e e —>e ey M2 i [GeVé/c?]
Binned extended maximum likelihood fits: 700
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Belle Il eTe™ — ya,a — yy [Phys. Rev. Lett. 125, 161806

Binned extended maximum likelihood fits over the mass range

m, € [0.2, 6.85] GeV tot

m, € [6.85, 9.7] GeV to't
95 % CL upper limits on the signal cross section translated into 8ayy

he Mfy distribution

he M2

Cecoil distribution
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
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NA62: KT — m7a, a — invisible [JHEP 03 (2021) 058]

>_10 VA
O
- Frequentist hypothesis test with mr%liss as observable 102
- Unbinned profile likelihood ratio test statistic 3 || \peo
. Two compatible events found at m,, = 196, 252 MeV 0 X
. Upper limits on BR(K* — 77 X) using CL, method at 90 % CL =
- Two category limits on the coupling to ALPs derived from those il nasa a6 CHARM
- ALPs decaying to visible particles -
- ALPs decaying invisibly :
1070 10° 107 m, [GeV/c?] 1
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https://link.springer.com/article/10.1007/JHEP03(2021)058

BaBar: B* — K~a, a = yy

. Search for ALPs in B* — K*a, a — yy channel

- Bump hunt for a narrow peak
- Final results waiting:

. Blind analysis using only 8 % of total data
- Prompt search for

. m, €[0.1, 4.78] GeV
- Displaced search for:

- m, < 2.5 GeV
- ct, =1, 10, 100 mm
- Main backgrounds:
- ete" > qq (g=u,d,s, ¢
. ete” — BB

- Peaking resonances: 7!
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o
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[PRL 128 (2022) 13, 131302]

BABAR
preliminary

e Data

ete —=B'B

Je'e—qq

) —0
1 e*e —BB
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https://inspirehep.net/literature/1959507

BaBar: B* — K~a, a = yy
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A Y 4

Unbinned maximum likelihood fit to m

90 % CL limits placed for prompt and long lived ALPs on

BF(B* - K*a, a = yy)

BF(7) used to set limits on coupling to vector boson W

Improving current bounds by many orders of magnitude !
Signature to also be covered by Belle Il in the near future as reported in
EPS conference ! (this dates of 2021, didn’t find the result!)
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ALP — yy [JHEP 1901 (2019) 113]
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~roduction cross-section in pp collisions and decay BR with perturbative calculations
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