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LHCDb experiment

general purpose forward detector

Excellent track momentum resolution: 0.4% at 5 GeV and 0.6% at 100 GeV

LHCDb, originally designed for b- and c-hadron physics, is now considered a

Very good muon and electron ID efficiency

Excellent vertex reconstruction helps in jets identification: tagging of b-
and c-jets with reconstruction of secondary vertices

LHCDb allows to test perturbative QCD (pQCD) predictions in a phase space

(2 < n < 5) complementary to General Purpose Detectors (ATLAS & CMS)

Parton distribution functions (PDFs) and proton structure can be studied in
regions not accessible by other LHC experiments
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://arxiv.org/pdf/1902.00134.pdf

Higgs 2021

JHEP 10 (2016) 030

- JHEP 09 (2016) 136
Higgs @ LHCDb
Phys. Lett. B776 (2018) 430

« At LHCb we can study physics at high p;
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* In principle we can also study the Higgs boson, but LHCDb is limited by small acceptance and lower luminosity

« But we can rely on excellent Impact Parameter (c ~ 20 um) and vertices resolution

« “Search for HY — bb or ¢¢ in association with a W or Z boson in the forward region

 Studies have been performed on Run | and Run Il data: of pp collisions

« “Search for lepton-flavour-violating decays of Higgs-like bosons”

e “Search for massive long-lived particles decaying semileptonically at \/E = 13 TeV
 Ongoing studies with Run Il data

e “Search for high mass resonances decaying to heavy flavour di-jets”
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https://link.springer.com/article/10.1007/JHEP10(2016)030
https://link.springer.com/article/10.1007/JHEP09(2016)136
https://link.springer.com/article/10.1007/JHEP05(2016)131
https://www.sciencedirect.com/science/article/pii/S0370269317309589?via=ihub
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- JINST 10 P06013
H Ig g S @ L H C b L HCb-CONF-2016-006

 The Higgs boson can be produced associated with a vector boson

LHCDb preliminary 5 LHCDb preliminary
\s=8TeV a) \s=8TeV b)

» Search for a bb (c¢) + lepton signature, sensitive to WH and ZH signals,
using Run | data (£ ~ 2 fb~ 1)

Events / (15 GeV)

« Need to efficiently tag jets coming from b, ¢ and light quarks o5 o4 05 06 07
( d | ) uGB(W+bb vs V+H)
u, ° S, g uon g cE v e
S LHCDb preliminary
. _ —4— dat S JF 1s=8Tev o
 Jet tagging by means of Boosted Decision Trees (BDT) ) Wiz x 50 £ . 4
BB W+bb |,
« Good tagging efficiency with respect to mistag =tva+°° :
LHCb simulation 5 . T E e other backgrounds A5 I
p I £ 08} bijets R ii=a=-": © uGB(ttvsV+H)
B = e 22<men<42 1 £ osf ﬁ;ﬁﬁets - TR R s e
:§ 0.8‘_ =i _' t 20 < pT(]et) < 100 GeV—. g 0-4;_ - - 0m : : : : : : = == : : —; O 1__ LHCD preliminary /s =8 TeV —:
& C.]e = 0.2F - - s HENODOENESE = - - _ -
06 =i “E - = = o = 08L _
=5 oE- - oo o S — - i -
S : : e - HE : ]
o 04 — -0.2F T amEEEssEEEE= = 0.6 —
: ¥ I -0.4F - mEmE s - s mEES - i i
Q | N - - = = mE = -+ i ]
é 0.2 = 0.6 LHCb simulation e 041 —
i : 0.8F 3 : )
0" =—Go01 0002 0005 0004 0005 -t P T TP 02f .
: = S : o " -0.5 0 0.5 1 - )
light-parton mistag probability BDT(be vs udsg) 0 — . ]
0 50 100
. No signals are observed, upper limits on Yukawa couplings: y° < 7y§’M , ¥ < 80yg, e 1 s

Higgs searches at LHCb


https://iopscience.iop.org/article/10.1088/1748-0221/10/06/P06013/meta
https://cds.cern.ch/record/2209531?ln=en
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Higgs @ LHCb
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https://link.springer.com/article/10.1007/JHEP11(2015)211
https://link.springer.com/article/10.1007/JHEP06(2018)001
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-030.html
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Higgs @ LHCDb

Search for massive long-lived particles (LLP) decaying into a muon and two quarks

LLPs lifetimes considered range goes from 5 ps to 200 ps
Two searches are performed:

a. Higgs-like bosons from gluon fusion (with mass
m € [30,200] GeV/c?) decaying into 2 LLPs

b. Direct production from quark interaction, with LLPs masses
m € [10,90] GeV/c?

X1 ¢ ,X
---->----<’, /,,
hO
(a) 11 b)) X

Fit to reconstructed LLP mass — no signal found

95 % CL upper limits are set on o6(LLPs) X AB(LLPs — gqu)
for both searches — sensitivity of the order O(1 pb)
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NEW!
https://arxiv.org/pdf/
2110.07293.pdf
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https://arxiv.org/pdf/2110.07293.pdf
https://arxiv.org/pdf/2110.07293.pdf

Higgs 2021

Higgs @ LHCDb

« The main idea is to study the inclusive decay of high mass resonances decaying to bb and cc di-jets

 |tis possible to study lower invariant masses with respect to ATLAS/CMS

 QCD background has an important role in this analysis (background from Z — bb (cC) is also considered)

A first study has been performed to measure bb and c¢ differential cross sections with 2016 data
L « Fit to combination of two MVA discriminators #, and f; to get flavour

composition: lh = BDTbc q(jO) + BDTbclq(jl)
I = BDT, c(jo) + BDTbIc(jl)

« The cross section ratios R = 6;,/0..- are also computed as functions of
Kinematic variables
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 Results are compatible with expectations
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https://link.springer.com/content/pdf/10.1007/JHEP02(2021)023.pdf
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Higgs @ LHCD in future upgrades

LHCDb could definitely improve its results for the process HY = cé:
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Strange quarks hadronize to prompt kaons

Cut on the impact parameter d;, to suppress heavy flavour jets

Suppression of light jets in the Charged-Neutral channel
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http://arxiv.org/abs/1808.08865
https://arxiv.org/pdf/1902.00134.pdf
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Conclusions

 LHCDb is by all means a general purpose forward detector

« At LHCD it is possible to study high p; physics

 Analysis on Run | and Run |l data showed that at LHCb we can study
Higgs boson

* Analysis of Run Il data and future upgrades will give us really interesting
insights on the Higgs boson, particularly for the process H 05 ce

(((’ Stay tuned for some interesting resulits! ‘)))
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- PRD 92 (2015) 073008
nggs @ LHCb PRD 92 (2015) 012010

A Higgs boson could decay to a pair of Hidden Valley (HV) pions, which in turn decay to gg pairs

o Search for a “displaced di-jet vertex” = good resolution of primary (PV) and secondary vertices (SV) is needed

« |HCb can access low lifetimes and small HV pion masses

« Runldata(Z ~ 2 fb~1) are analyzed
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https://link.springer.com/article/10.1140/epjc/s10052-017-5178-x
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.073008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012010

