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Jets <R
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- Collimated stream of particles produced by quark and gluon fragmentation %

Detection
e ~ Hadronization
\ Fragmentation  hadrons @A .
e partons ()@@ ...



Why b- and c-jets Physics at LHCb?

Why b- and c-jets Physics at
LHCb?

> Excellent vertex reconstruction: high performance b-
and c- tagging

> Unique phase space region: Parton Distribution
Functions and searches

Differential bb
and cc cross
section
measurement

Search for New
Physics in bb and
cc final states
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Towards H- cc

e

> Boosted qgq — Z/y* : asymmetries INFN
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> AtATLAS and CMS many b- and c-jets
measurements are dominated by
systematics: luminosity is not the only
thing that matters!

Tools development
(Jet reco, tagging,
trigger)

bb and cc
asymmetries
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EW, Top and jets physics @LHCb: motivations i

LHC 13 TeV Kinematics
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» Cross-sections measurements of W, Z, jets and Top
production in the forward acceptance are important %
tests of the Standard Model — to be compared with

(N)NLO EW and pQCD predictions

0.6 MCFM-6.6, pp = ff, s =14 TeV
oY UL I UL IR I I 5.5 5 5 55 5.0 BEEE
- -
EOS— m, = 173.25 GeV I ]
S F ST | 1 JHEP 02 (2014) 126
Bo4f 2°M<? _ | -
3 F Lo Ratio | ]
9 0.3k —— Scale uncertainty | ]
o “~ LHCb |
|

o
)
I

e
—_
I

I T e

O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIrIIIII!III!I
4 3 -2 -1 0 1 2 3 4
M5

* These measurements provide access to Parton
Distribution Functions in two different regions:

> at high Bjorken-x values;
> at low x values, unexplored by other
experiments.

* Precise measurements of SM parameters: the
electroweak mixing angle, the W mass etc.
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Jet tagging at LHCb

JINST 10 (2015) P06013

* The jet tagging system takes Displaced
advantage of LHCb features —
precise vertex reconstruction! Secondary
Jet L e 7
» As first step Secondary Vertices 7
are reconstructed using tracks. @
« Ajetis identified to be generated Jet
from a b or ¢ quark (b-jet or )

If a Secondary Vertex is
reconstructed within the jet cone
(AR <0.5).



LHCb results with jets

LHCDb jets measurements where Padova contributed with main
authors:

> W+bb, W+cc and tt @ 8 TeV
> VH(~ bb) and VH(~- cc) search @ 8 TeV
>Z -bb @ 8 TeV

> bb and cc-dijet cross sections @ 13 TeV



- Fiducial region: p_(jet ) > 20 GeV, 2.2 <n(et ) <4.2,45< m, < 165 GeV

« Signal and QCD-enriched control regions defined exploiting the Z+recoil jet kinematic

Candidates / (5 GeV)

—-200

Z - bb

Phys. Lett. B776 (2017) 430-439
» Two heavy flavour tagged anti-kt jets with R=0.5 are selected (i.e. jet contains a secondary vertex)
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bb- and cc-dijet production
NEW LHCb-PAPER-2020-018
. Two heavy flavour tagged jets are selected, with p.(et,,) > 20 GeV, 2.2 <n(jet, ) < 4.2, AD>1.5

« Differential cross section measurement as a function of

« 1.6 fb™ of integrated luminosity have been £ 9000
used (2016 data taking) B 8000F
B 7000

« 2D fit to extract the flavour composition gﬁooo

Ty = BDTIbc:hxdsg (JU) + BDlecmdsg (Jl) S000¢

4000
T1 = BDTHC(J'U) + BDTHc(jl) 3000
2000

1000
 Fit result dominated by systematic

uncertainties on procedure and template
modeling.
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bb- and cc-dijet production
NEW LHCb-PAPER-2020-018
» Measured yields are unfolded for detector effects and corrected for selection efficiencies.

» Overall uncertainty (~20%) dominated by heavy flavour tagging efficiency.
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The cross section ratio
(cc/bb) is also
determined

Istituto Nazionale di Fisica Nucleare

s

—— LHCb data 13 TeV
Pythia 8

LHCDb Preliminary

T
| —— |
+

W
=]

100

150

dijet invariant mass [GeV/c?]



Search for New Physics in bb and cc final states %

bb and cc are preferred decay channels in several
New Physics models.

Inclusive search for bb and cc resonances at
LHCb.

Analysis leaded by LHCb-Padova.

Set a model independent limit on Higgs-like
particles at different masses.

First cc search of this type.
Fllt n_H= 0+1436
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BDT(b vs c) for jet0 INFN
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BDT(b vs c) for jetl

* The modelling of the QCD background is the
challenge.

» Control region + transfer function technique.
11



Towards H - cc at HL-LHCb %

¥ g P — 5% Higgs
Prospects on W/Z+H - cc in HL-LHC yellow paper acceptance
(Section written by L. Sestini and O. Augusto) ; at LHCb
-1F
Without improvements (Run |l detector and algorithms) 2
with 300 fb™ we can set a limit on the signal strenght of 4
pcc<50 e R
TlIJ
Assuming Phase 2 upgrade (in particular new SV e /P'erfe‘:t tracking
reconstruction and ECAL) - p* < 5-10 El | ' =
g fe
lel'[S on the YUkawa. COUp|Ing Of QCCIQCCSM < 2'3 “‘f’: Phase-ll Scenario 1
5 | Run 3
M - — — g;?c]' IP X2 > 16 (as in Run 1)
Sensitivity of the same order of ATLAS and CMS: [ S =T Dashea:PXe>9
the LHC experiments combination would not be far 0.+ | B | -
from the observation! 2 40 % 0 100
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05/06/19 c-tagging performance with standard LHCb 12
algorithm



bb and cc asymmetry measurements %

(IR
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Ay<0

Interesting region 1: My~ 90 GeV

do 4

Ay>0 deQ

-1
dA [ dog doa
« Differential charge asymmetry: dmgg  \ dmgg dmgg

q . q
» Strictly related to fundamental SM parameters AL 7
(electroweak mixing) — sensitivity to New Physics,
in particular near the Z peak. . Q h

» Test of fermionic universality of Z couplings:
a 3o discrepancy still exists between A_ at LEP

and A__ with polarised electrons at SLC.

Sensitivity to both regions enhanced at
LHCDb: less gluon fusion, PDF asymmetry

larger
05/06/19 13



bb and cc asymmetry measurements %

» LHCb phase space region: asymmetries are less diluited with respect to ATLAS and CMS!

« First measurement of cc asymmetry, update of bb asymmetry (previous LHCb measurement).
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https://arxiv.org/abs/1901.07573

Other topics we are studying INFN
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W - jets decay %

- inclusive dijets -~ measurement of a_

- measurements with boosted topologies: fat jets
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Heavy flavour jet tagging CNFR
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« Jets are heavy flavour tagged if one Secondary Vertex BDT(bcjudsg)
compatible with a b or ¢ hadron decay is found with AR < 0.5 To separate heavy
from the jet axis. flavour jets from light
jets
» Two Boosted Decision Trees are used to identify b and c jets.
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