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LHCb Detector
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- excellent vertex resolution (0:~45 fs for BsO)

- excellent mass resolution (0.5% in pu)

- muon ID efficiency ~97% for 1-3% mm—u misid
- IP resolution ~20 um for tracks with high pr

Int.J.Mod.Phys. A 30,1530022 (2015)
JINST 10 (2015) P04013

* Unique acceptance: 2<n<5

 low pile-up (~1-2 visible
interaction)

- |et reconstruction:

»

»

»

efficiency > 80% (jets with pr>15 GeV)
energy resolution ~10% (jets with pr>10 GeV)

b(c) tagging efficiency ~65%(25%) for 0.3%
light-parton contamination

Tracking system and trigger crucial for LLP searches!
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https://arxiv.org/abs/1412.6352
http://iopscience.iop.org/article/10.1088/1748-0221/10/06/P06013/meta

LLP Tracks

tfracks with VELO hits

1 T2 13 ,
- decay length accessible by
. LHCb ~20 cm
fracks with (decay within the VELO)
T VELO hits
VELO —
y tracks without VELO hits
tracks without P P . :écsbgslifgr?men’rum and vertex

~~_VELO hits 1l | o
— - not available in trigger

i~ (studies on going)

- decay length accessible would
be extended up to ~200 cm
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https://arxiv.org/abs/1412.6352
http://iopscience.iop.org/article/10.1088/1748-0221/10/06/P06013/meta

Trigger

J. Phys. Conf. Ser. 664, 082004 (2015)
very soft triggers!

at hardware level (LO): at software level (HLT):
« muons with pr> 1.5 GeV - topological triggers on detached vertices
« calo deposits with Er > 3 GeV - PID and jets in trigger

new turbo lines since 2015: excellent for light dimuons
- online reconstructed particles stored » (prompt and detached)

- lower level info discarded reducing event size online y id reduces rate of
- outfput can be directly used for analysis double misid from

Phys. Rev. Lett. 120, 061801 (2018)

10’ LHChH prompt-like sample

106 /s = 13 TeV pr(p) > 1GeV,p(u) > 20 GeV
] ptp
] p

10° new uJ turbo trigger with online muon

id requirement (no pre-scale)

10?

Candidates / a[m(up)|/ 2

10° 10* 10°
m(pp) [MeV |
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http://iopscience.iop.org/article/10.1088/1742-6596/664/8/082004/pdf

LLPs in LHCb

produced in B/D decays produced in pp collision

= PV B
T b
displaced dileptons displaced jets
* light boson fromb — s * LLP — jet jet
* Majorana neutrino * LLP — p +jefts

displaced dileptons (inclusive )
- dark photon

- background reduced by constraining VELO RF box at ~5 mm from the beam:

m(decay particles)=m(B) « <5 mm: background dominated

* background further reduced if by heavy flavour

additional constraints on vertices - > 5 mm: background mainly

fromm material interaction

BACKGROUND SIGNATURE
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VELO Material

CERN-LHCb-DP-2018-002

material map of the VELO is essential to reduce the background in LLP searches!

« beam-gas (helium) collisions - the map can be used in analyses with

- material interaction along the full displaced verfices:
length of the VELO a p-value can be assigned to the

hypothesis that a SV originates from

« secondary intferactions of hadrons material interaction

used to map the material
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analysis already performed for Run1 and Run?2!
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http://cds.cern.ch/record/2309964/files/1803.07466.pdf

Charged Massive Stable Partic

e

EPJC 75 (2015) 595

- search for charge massive stable particles (CMSP) Drell-Yan production of stau pairs

- benchmark: stau pairs predicted by mGMSB mod
* mass range: 124-309 GeV

- dataset: run | (3 o)

 signature: absence of a signal in the RICH

S 100
= 0.14
3 0.12F L-HCb- d180 5o
2 71 simulation Q
= 01F ~
9 ' 60 2
T 0.08F — 124 GeV/c? c
8 0.06F 309 GeV/c 440 Q o
LI =
T 0-04F —— efficiency do0S
Eo002F /e o
5 .
0 SNSRI LA IS PR
S X 0.7 0.8 0.9 1

upper limits set on Drell-Yan CMSP
pair production cross section

el

+ staus assumed to intferact only via weak

interactions
B behave like heavy muons

detection time window for muons limits

sensitivity to >0.8

main background: Drell-Yan production
of muon pairs

* proof of concept for future searches!
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-015-3809-7

Light Boson from b — s

Phys. Rev. Lett. 115, 161802 (2015)
Phys. Rev. D. 95, 071101 (2017)

- search for a hidden sector boson x in
a decay mediated by b — s fransition

- Inferaction via Higgs portal
- dataset: run | (3 fo-)

> K*0(K*)

BO — KO0y with K0 - K+t mmand X — ut u- BY — K¥ ywith X — y* u-

« 2m(y) <m(x) < m(B°) - m(K™) - 250 <m(x) <4700 MeV

+ better decay tfime resolution and lower - more background
background because of K+ 1T vertex (SM B — Kupu for prompt)

requirement . higher BR

- 3region of dimuon lifefimes (1<1 ps,
1<1<10 ps, ™10 ps)

- 2 region of dimuon lifetime per mass point
(displaced for 1>0.6-3 ps depending on
the mass)

Similar strategy for both analyses

- X — u*t uvertex dllowed (but not required) to be displaced

- BDT classifier trained to reduce combinatorial (uniform in m and 1 for K'0search)
* NArrow resonances vetoed
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.161802
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.071101

Light Boson from b — s

Phys. Rev. Lett. 115, 161802 (2015)
Phys. Rev. D. 95, 071101 (2017)

scan of the dimuon mass distribution
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.161802
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.071101

Light Boson from b — s
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.161802
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.071101

Majorana Neutrinos

Phys. Rev. Lett. 112, 131802 (2014)

- search for lepton number violating decay
B" —
« mass range: 250 MeV - 5 GeV

- lifetime range: 0-1000 ps (extending
sensitivity wrt previous LHCb analyses)

- dataset: run | (3 flo-1)

model independent upper limits

1 I 1 1 1 1 I 1 1 I 1 I 1 1 1 1
— 1 ps -+=--200 ps

normalisation wrt B- — J/W K-

10°E  LHCb - -
G R 10 ps 500 ps - 2 selections: for short and long lived N
C e 100 ps — 1000 ps ,

(T>1ps)

fitted backgrounds:

» B decays to charmonium
» combinatorics

Upper limit

upper limits set scanning the neutrino mass

ifetfime dependence in long lived sample

L I L L L L I L L L L I L L L L I L L L L
1000 2000 3000 4000 5000 taken info account by detection efficiency
Neutrino mass [MeV]
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.112.131802

Majorana Neutrinos

constraints on the BR reinterpreted as limits on N mixing angle

arXiv:1805.00070v 1

""""
-,
See .

i L we are now looking here...
LHCb and Belle limits revised in:

Phys. Rev. D94, no.11, 113007 (2016)
Phys. Rev. D95, no.9, 099903 (2017)
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https://arxiv.org/abs/1805.00070
https://arxiv.org/pdf/1607.04258.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.95.099903

LLPs Decaying to Jet Pairs

Eur. Phys. J. C77 (2017) 812

« search for hidden sector LLP decays via
SM Higgs portal

In most cases only 1 1y
within LHCb acceptance

* mass range: 25-50 GeV
- lifetime range: 2-500 ps
- dataset: run | (2 o)

- signature: single displaced vertex with 2
associated jets

IIIIIIIII lIIIIIIlllllIIIIIIII'IIIIIIIII'

Packground 1 I1Ch ‘ - trigger on displaced vertex

ek

-
AN
l

ek

-
(S
l

e
ALLLL B SR RLLL IR L IR

* requirements on jet pointing and material
interaction veto to reduce main backgrounds:

Vs =8TeV 3 » vertex from heavy flavour decay or material
interaction

— » SM dijet events

3.0< R, <5.0mm:

Candidates / (2 GeV/c?)
2,
|

[
<
gy
K.
Gl

ek
URRLLL

5 - fit of the di-jet mass in bins of lateral
0 20 40 60 30 displacement Ryy

Dijet mass [GeV/c?]
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https://arxiv.org/pdf/1705.07332.pdf

LLPs Decaying to Jet Pairs

Eur. Phys. J. C77 (2017) 812

upper limits set on SM-Higgs BR to dark pions
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https://arxiv.org/pdf/1705.07332.pdf

LLPs Decaying to Jet Pairs

upper limits set on SM-Higgs BR to dark pions
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Eur. Phys. J. C77 (2017) 812

competitive and complementary
limits to ATLAS and CMS!

Regions where B(H" — mymy) > 50% is excluded at 95% CL

| m== [ ,HCDb 2.0 fb~! at 7-8 TeV _|

I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII

m—  ATLAS 20.3 fb~! at 8 TeV

= CMS 18.5 b~ ! at 8 TeV

3 —

R R AR AR AR R R R

1074 1073 1072 107! 109 10! 102

my et [m]

Supplementary material of LHCB-PAPER-2016-065

15
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-065.html
https://arxiv.org/pdf/1705.07332.pdf

LLP Decaying Semileptonically

Eur. Phys. J. C (2017) 77:224
- search for massive LLP decaying semileptonically into SM particles

- 2 approaches:

» RPV mSUGRA neutralino as benchmark
mass range: 23-198 GeV

» simplified topologies, less model

dependent
mass range: 25-50 GeV —

4 production mechanisms considered

- recasted in terms of heavy neutral lepton
arXiv:1706.05990

— Data 7 TeV
@104 LHCb . LV38 10ps
= b8 S0ps - lifetime range: 5-100 ps
10
pk ) » dataset: run | (1+2 flo-1)
s 10 * signature: single displaced vertex
Z10 with several tracks and a high pr p
o
| * background dominated by bb
0 5 10 15 20
LLP Ryy [mm]
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https://arxiv.org/pdf/1706.05990.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-017-4744-6

LLP Decaying Semileptonically

Eur. Phys. J. C (2017) 77:224

- trigger on p + displaced vertex & 10k LHCb _° oo
Ny e ¥ background
- exploit y isolation to define a signal and a 2 - e signal ]
control region enhanced in background 2 1E } L
+ simultaneous fit of the LLP candidate mass >
in the 2 regions to extract number of 2107 I .
candidates = ]
Lﬁ 38|GeV, 5 ps ]
20 40 60 80
LLP mass [GeV/c?]
no significant excess observed
RPV mSUGRA double LLP from 125 GeV Higgs
10 |
= i TLLP = O PS = 0F LHCDb
= mg = 1300 GeV/c? = V5 =8 TeV
& &
o LF >
3 2 1¢
t [ vssTev t
© 0't LHCH o | Tirp = 50 ps
; -1
0 50 100 150 200 W % % ,
LLP mass [GeV/cz] LLP mass [GeV/cT]
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-017-4744-6

LLP Decaying Semileptonically

Eur. Phys. J. C (2017) 77:224

. . —_ | T IT(. ® Daa8TeV
- trigger on p + displaced vertex & 10E LHCb  ° giloa g
] ] ] ] . S - ] el o e background
- exploit y isolation to define a signal and @ > - e signal ]
control region enhanced in background 2 1E } L
- simultaneous fit of the LLP candidate mass T :
. . 9]
in the 2 regions to extract number of 21071E -
candidates s . 38|GeV, 5 ps :
20 40 60 30
LLP mass [GeV/c?]
LHCD constraints on different B(H? — yx}) at 95% CL
I I I I I LI | I I I
LHCH 5> 5% excl.
/5= 8TeV = g>;g§ exci- double LLP from 125 GeV Higgs
- > o excl.
% excl.
B > 50 ok LHCb
O
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10_1 1 1 1
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Supplementary material of LHCB-PAPER-2016-047 LLP mass [GeV/cT]
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-047.html
https://link.springer.com/content/pdf/10.1140/epjc/s10052-017-4744-6

Dark Photon

meson decays : Drell-Yan

- fully data driven search
- dataset: run Il (1.6 o)
* inclusive: pp - X A' - X utu

»

/

- If mx €2 small dark photon is long-lived

- trigger turbo lines:

» prompt: no requirement on dimuon mass
» displaced: looser cuts on muon p and pr

LHC-LLP - 16/05/2018

Phys. Rev. Lett. 120, 061801 (2018)

- dark matter might interact via a new dark
force

- a massive dark photon A’ could kinetically
mix with the ordinary photon

same production and decay kinematics
of an off-shell photon with same mass

normalising to y* allows to get rid of
most of the systematics

prompt search
2my <ma' < /70 GeV

displaced search
214 <ma' <350 MeV
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.061801

Dark Photon: Long Lived
Phys. Rev. Lett. 120, 061801 (2018)
CERN-LHCb-DP-2018-002

7o) 1 I I | —3
S pLHCDb 3 main backgrounds:
S 102 N - photon conversions in VELO mafterial
£ ook ] B> material map

10_4; _Ff+ * Data | E - 2 semileptonic b hadrons decays

e s — y(jx?;lveismé » isolation BDTs (from Bs — up)

oF S TA)=Ips g « double misID Ks — 11T decays
10 E - 1y —
. —'_!_ A ,psa #» modelled from PID sideband
6 4 ) 0

log,o[material p-value]

£ © LHCb g
10 mostly Ks°
- decays
« scan of m(uy) -
, , - mostly b ,
- bins of T(A") and decay fit x2 | decays - <.\
- fit to the mass distribution to get B P A O i
. . . 1E e 4 LIRS L K I S [
long-lived A’ signal yield E | T R
: L R ... -:.:r :9-\
250
m(u*u”) [MeV]
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.061801
http://cds.cern.ch/record/2309964/files/1803.07466.pdf

Dark Photon: Resulis

90% CL upper limit on nZ [m(A"),2] / ni [m(A’),e?]

Phys. Rev. Lett. 120, 061801 (2018)

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

A/

[ ] o

- Previous Experiments

. 107
)

| LHCE) | I-Ilonlg-lilve(li excluded

=10

O = NN W A U N O 0 O

1 10
m(A") [GeV |

Nno significant excess found

first ever non-beam-dump long lived A’
sensitivity

small region excluded but large region
Is within reach in Run 3

now already running with better trigger
configuration
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.061801

Summary

Increasing interest in direct searches

« LHCb proved to be competitive in many signatures
- low masses
- low lifetimes
- LLP from B decays
« unigue coverage complementary to ATLAS and CMS

« 3fblin Run 1, expected 5 bl in Run 2

Lot of potential with the upgrade in LS2

- more data (5x luminosity)

- triggerless readout

- Improved efficiency for longer decay length

» see talk of Yangyang
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Back Up




Turbo

TURBO++ (since 2016)
TURBO (since 2015) TURBO SP new 2017
Tt
=
Do
w Tracks from other PVs
Event size: 15 kB U Event size: 70 kB Other tracks from PV
Event size
only exclusive decays -« new intermediate - full event reconstruction can
(nothing else saved ) solution be persisted
- trigger candidate +  variables such as isolafion,
subset of objects for jet reconstruction
reconsfruction saved can be saved
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Majorana Neutrinos

Phys.Rev. D94 (2016) no.11, 113007

constraints on the BR reinterpreted as limits on N mixing angle
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Displaced Dark Photon

background long lived

background prompt
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material

material interactions

heavy flavor SM

mis-ID (7 as p) SM Bethe-Heitler
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Charged Massive Stable Particle

EPJC 75 (2015) 595
RICH info

35 | LHCb

----- Signal

T Do gty - artificial neural network to distinguish
CMSPs from muons

« RICH info combined with energy
deposited in VELO, ECAL, HCAL

10 & M 7 TeV
S S . . e 8 TeV

g [ LHCb upper limits set on Drell-Yan CMSP pair
c 1 F production cross section
§ . « current results not competitive with ATLAS
8";10 3 and CMS for this model and mass range
8 ) predictions ey - proof of concepf for future searches

10 ] 1 I L1 1 1 I L1 1 1 I L1 1 1 I 1 I7 I-I-elV

100 150 200 250 300 gso
CMSP mass (GeV/c")
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