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Resume

2015-Present Postdoc at IHEP
2014-2015 CERN/INFN associate - INFN grant to spend one year at CERN. E
2011-2014 PhD student in Physics at Universita degli Studi di Perugia, Italy.

2008-2011 Master’s Degree in Elementary Particle Physics at Universita
degli Studi di Perugia, Italy, Mark: 110/110

2005-2008 Bachelor’s Degree in Physics at Universita degli studi di Perugia,
Italy, Mark: 110/110.

In the CMS collaboration since 2011, | have joined IHEP in June 2015 working on:
» search for new particles, called vector-like quarks
» reconstruction of tau leptons pair in high pt regime

Other than this, my roles in CMS experiment:
> | am for B2G group (100 people)
» | am responsible for online data acquisition (DAQ) during daily and night shifts
> | have worked in the ttH (H — bb) analysis

| am expert of data analysis (all steps of a physics analysis: trigger, objects identi-
fication, efficiency studies, background estimations and systematics), through the use
of several statistical methods, computer software and programming languages

| am author of >500 CMS articles (see later for articles with major contribution)

Today | will focus my talk on my results obtained during my postdoc with IHEP
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Vector-like quark search

* The Standard Model is successfully theory
describing the Particle Physics

* It has problems that have to be addressed:
hierarchy problem, unification, etc.

» Several extensions of the Standard Model
proposed with the introduction of new
symmetries/properties — new particles

| am working in an analysis that looks for
single production of vector-like quarks:
pp = Tb/Tt in mass range [0.7, 1.7] TeV

* | am the contact person of the analysis

 Two publications with 2015 and 2016
data: https://arxiv.org/abs/1708.01062
and https://arxiv.org/abs/1701.07409

Available on the CMS5 information server CMS AN-16-452

CMS Draft Analysis Note

The contant of this note iz imtended for CMS infernal vse and distribution only

n7/o3sm

Head Id: 76133
Archiveld: 376277M
Archive Date: 2016,/12 /07
Archive Tag: trunk

Search for single production of vector-like quarks decaying
into finals states with a Z boson decaying leptonically and a
top quark with 2016 data

Hongbo Liao ang Andello Spiezia
[HEF /CAS, Betjing

Abstract

A search for the single production of vector-like T quark decaying into a Z boson and a
top quark, is presented using data collected in 2016 by the CMS experiment in proton-
proton collisions at 45 = 13 BV, The search has been performed in events with a Z
boson decaying leptonically, accompanied by a top quark decaying hadromically:



https://arxiv.org/abs/1708.01062
https://arxiv.org/abs/1701.07409

Vector-like quark search

Leptonic Z: two muons or two
electrons

Events / bin

Data/Bkg.

Hadronic top:

a.
b.

fully-resolved topology — three jets

partially-merged topology — a W-
jet and a b-jet are identified
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c. fully-merged topology — decay
products are within one top-jet
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Vector-like quark search
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From the summary of the paper:

“The results presented in this paper are the most-stringent limits to date
on the single production of heavy vector-like T quarks, the first to set
limits for a variety of resonance widths, and the most-stringent limits for
the production of a Z’ boson decaying to Tt.”



* Many new physics models predict the existence of heavy resonances
with masses = 1 TeV that can decay into a Higgs boson with high pt

* If the Higgs decays to taus, those taus are produced close to each other

* If the AR(1,7) becomes lower than 0.4, i.e. the jet cone size used in the
standard tau reconstruction, a new approach is needed

| have presented the approval talk of the analysis s o

Available on CMS information server CMS AN -2017/010

e The Compact Muon Solenoid Experiment

| Analysis Note ()

A
The content of tis note is intended for CMS intemal use and distribution onfy

11 January 2017 (v3, 09 November 2017)

Tau reconstruction for boosted ditau topologies

At small AR(t,1), the tau
Camilla Galloni§ Aniello Spiezia JBen Kilminster, Hongbo Liao . . .
reconstruction is challenging
o ith the standard tructi
For bosons decaying to tau keptons with transverse momentum of few hundreds of GeV the final d2cay W I t e S an ar r eC O n S r u C I O n
prr\-duc't; are seEa.r'iled by a sma]l.a_ngle..nnd..cajrf u_\'crlt.LEl. ca.tuslnlg pmhl‘cms_ilj. Lhe rect:\n_sllr_uc.l.i.olnlalzd
;‘Jj:dnt-]:ﬁ;ﬁ:j 1[.1]: ;];Lmt.au pair. In this note a dedicated reconstruction for boosted tau pairs is described d eV e I O p e d b y C M S




Boosted tau reconstruction
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Figure 11: Postfit distributions of the pass (left) and fail (right) samples for the 7, of boosted T
lepton pairs passing the medium working point of the MVA-based isolation discriminator.

» Performances of the boosted taus reconstruction compared

with standard one

 Large improvement is observed

* A paper is in preparation: TAU-16-006 (submission to
journal before summer)




Boosted tau reconstruction

 Boosted tau reconstruction used in the
826'17'006 anaIySIS (I am author) Available on the CMS information server CMS AN-16-375
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Search for heavy resonances decaying CMS Draft Analysis Note
Into two Higgs bosons or into a Higgs Th contr o s e nrdd WS il uss ad o oy
and a vector boson in proton-proton i sosn

Archive Id:  431053M
Archive Date: 2017 /0526

collisions at 13 TeV Aschve Dute 2017/

* Searche for heavy resonances that ot for .
arch for heavy resonances decaying into a boson and a
decay tO VV, VH, or HH Higgs boson (WH,ZH,HH) in the (q4,bb) T+ 7~ final state

ann!, Clemens Lange?, Ben Kilminster!, Alberto Zucchettal,
Pietro Gcn'mi‘i', and Matteo Defranchis*

* Publication before summer Camisa G

! University of Zurich

*HEF/ CAS Beijing
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This analysis note describes the search for heavy mesonances decaying into a boson
and a Higgs boson, where the first canbe a W, a Z, or a H boson decaying hadronically
while the Higgs boson decays into a pair of tau leptons, in the semileptonic and fully
hadromie final state. Final states with at least a lepton and a hadronically decaying
tan or two hadronically decaying taus and a large cone jet, compatible with either a
W a Z or a Higgs boson are investigated in the data collected in 2016 by the CMS
ex periment.
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Other achievements at CMS s )

* | have been working on the Higgs search since 2012
(during my PhD) working in H — yy analysis

g T » With IHEP | worked in the search for the Higgs boson
----- H produced in association with two top quarks (ttH, H —
g t bb), in event identification, multivariate analysis (see
t backup)

* Two public PAS for which I am author

« | am responsible for production of MC simu-
lated samples for B2G group (~100 people)

* | collect the requests from several analysis
teams and | coordinate the production

* | participate to the data taking operation, in the CMS Control Room at
Point 5 of the LHC

« | am a DAQ shifter, i.e. | make sure the data acquisition is running
smoothly and that CMS is collecting high quality data




Future plans

* | plan to repeat the analysis with 2017 data

« To improve the sensitivity of the analysis, | plan
to add the channels with Z — neutrinos

» Branching fraction of Z — neutrinos is 20%
compared to 6% from leptonic decays

 omseanmy _ smewwnsw  * APUDlication is expected by the end of 2018

| G 2017 data result!

° 0 100 200 300 400 500 600 700 800
Lead Electron P; [GeV]

DAQ shifts | « | will participate in 2018 data taking as DAQ
shifter
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Future plans

New search

« Several B-physics experiments (BaBar, LHCDb, Belle) measured interesting
and surprising anomaly in simple semi-leptonic decays of B-mesons

* Rp found not in agreement with expectation of the SM at a level of >30

Rp = B(B — Dtv) Rp. = B(B — D*Tv) RpP = 0.403 £0.040 £0.024 | |RSM — 0.299 £ 0.003 .
' B(B — Dfv) -" B(B — D*tv) RYY = 0.310 £0.015 £ 0.008,| |[RH! = 0.257 £0.003
from https://arxiv.org/pdf/1704.06659.pdf

« While further investigations are ongoing at LHCb, a model independent
search can be performed at CMS (and ATLAS)

Scalar leptoguark production at NLO QCD

LHC & 13 TeV

« This anomaly is expected if leptoquarks exist

* | want to study pair production of leptoquarks
* Final state:

pp — LQ; LQ,, LQ; —» btand LQ, — top v
« Publication expected for the end of 2018
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https://arxiv.org/pdf/1704.06659.pdf

Publication

Publications (since | am in IHEP) with major contribution:

2017 Search for single production of a vector-like T quark decaying to a Z boson and a top quark in proton-proton
collisions at Vs= 13 TeV, CMS Collaboration, arXiv:1708.01062, submitted to PLB

2017 Search for heavy resonances decaying into two Higgs bosons or into a Higgs and a vector boson in proton-
proton collisions at 13 TeV, CMS Collaboration, CMS-PAS-B2G-17-006, http://cds.cern.ch/record/2296716

2017 Performance of reconstruction and identification of leptons in their decays to hadrons and in the CMS
detector in pp collision at \'s = 13 TeV, CMS Collaboration, CMS-PAS-TAU-16-003, In preparation

2017 Search for ttH production in the H to bb decay channel with 2016 pp collision data at Vs = 13 TeV, CMS
Collaboration, CMS-PAS-HIG-16-038, http://cds.cern.ch/record/2231510

2016 Search for single production of vector-like quarks decaying to a Z boson and a top or a bottom quark in
proton-proton collisions at Vs = 13 TeV, CMS Collaboration, JHEP 1705, 029 (2017), arXiv:1701.07409

2016 Search for ttH production in the H to bb decay channel with Vs = 13 TeV pp collisions at the CMS
experiment, CMS Collaboration, CMS-PAS-HIG-16-004, http://cds.cern.ch/record/2139578

2016 Tau identification in boosted topologies, CMS Collaboration, CMS DP-2016/038

2015 Search for resonant pair production of Higgs bosons decaying to bb and tau tau in proton-proton collisions at
Vs = 8 TeV, CMS Collaboration, CMS-PAS-EX0-15-008, http://cds.cern.ch/record/2125293

Conference Proceedings (since | am in IHEP):

2016 A Pattern Recognition Mezzanine based on Associative Memory and FPGA technology for Level 1 Track
Triggers for the HL-LHC upgrade, D. Magalotti et al., JINST 11, no. 02, C02063 (2016)

2017 Search for unconventional final states at ATLAS and CMS, Aniello Spiezia, on behalf of the ATLAS and CMS
Collaborations, Conference Proceeding: 52nd Rencontres de Moriond, 2017 EW Interactions and Unified Theories

2017 Search for single production of a vector-like T quark decaying to tZ with CMS at \'s = 13 TeV, Aniello Spiezia,
on behalf of the CMS Collaboration, arXiv:1708.03124, Conference Proceeding: 5" Annual LHCP, Shanghai

CMS Internal Analysis Notes:
| have signed 23 internal notes, to which | have given my contribution 12


http://cds.cern.ch/record/2296716
http://cds.cern.ch/record/2231510
http://cds.cern.ch/record/2125293

Conclusions

| have joined the CMS collaboration in 2011

Starting from June 2015, | am a postdoc in IHEP

Since then | am mainly involved in the following projects:

» search for new particles, called vector-like quarks

» boosted Higgs reconstruction in 7t final state

» search for Higgs boson produced in association with two top quarks
» DAQ shifter during CMS data taking

» coordination of the MC production for the B2G group

| am author of >500 CMS articles (see previous slide for articles with major
contribution)

For the next year the plan is:
o finalize the papers | am working on

o Improve the VLQ search by including 2018 data and a new channel:
publication expected in the next months

o work on a new search, related to the B-anomaly, in final states with brtopv:
publication expected by the end of 2018

o continue to contribute as DAQ shifter to the CMS data taking
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Curriculum vitae

2015-Present Postdoc at IHEP/CAS

2014

2011-2014

2008-2011

2005-2008

CERN/INFN associate - INFN grant to spend
one year at CERN.

PhD student in Physics at Universita degli Studi
di Perugia, Italy.

Thesis title: "Associated production of a Higgs
and a vector boson at the CMS experiment in the
standard model and beyond”

Master’s Degree in Elementary Particle Physics at Universita degli Studi
di Perugia, Italy, Mark: 110/110.

Thesis title: "Measurement of the charge misidentification rate for soft
electrons and consequences on Supersym-metry searches”

Bachelor’s Degree in Physics at Universita degli studi di Perugia, Italy,
Mark: 110/110.

Thesis title: "The new Read-out of the Electromagnetic Calorimeter of
the NA62 Experiment”
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Conferences G )

2018 Alps 2018: Third Alpine LHC Physics Summit, Obergurgl, Austria
Talk: State and Prospects of BSM Searches at the LHC

2017 LHCP 2017: 5th Large Hadron Collider Physics Conference, Shanghai, China
Poster: Search for single production of a vector-like T quark

2017 Rencontres de Moriond: EW 2017, La Thuile, Italy
Talk: Searches for other unconventional final states with 13 TeV data

2016 Lake Louise Winter Institute 2016, Lake Louise, Canada
Talk: Search for vector-like quarks at CMS

2014 IFAE 2014: Incontri di Fisica delle Alte Energie, LNGS, Italy
Poster: Search for the Standard Model Higgs boson decaying into two photons

2013 QCD@LHC 2013, DESY, Hamburg, Germany
Talk: Boosted-objects and jet substructure at the CMS

2012 CKMZ2012: 7th International Workshop on the CKM Unitarity Triangle, USA
Talk: Measurements of Electroweak Top Production at the LHC

2012 12th Hellenic School and Workshop on Elementary Particle Physics and
Gravity, Corfu, Greece
Talk: Search for new physics with same-sign isolated dilepton events in CMS

2012 IFAE 2012: Incontri di Fisica delle Alte Energie, Ferrara, Italy
Poster: Search for new physics with same-sign isolated dilepton events in CMS



Higgs search

 The Higgs boson has been discovered in 2012, reaching a
milestone in our understanding of nature

* | am part of this search since 2012 when | have started to
work on my PhD in the search for the Higgs boson in its decay
to two photons (see backup)

« With IHEP | am working in the search for the Higgs boson
produced in association with two top quarks (ttH in the next),
where the Higgs decays to two bottom quarks

Available on the CMS information server CMS AN-15-216

CMS Draft Analysis Note

The content of this note is intended for CMS internal use and distribution only

2016/03/04

Head Id: 330169
Archive Id: 330533
Archive Date: 2016/03/03
Archive Tag: trunk

First results on ttH with H — bb at 13 TeV

Mari; Alday ju—nAl drereann chini®, Lea Caminada®, Christi: n Contrera:
atta’, Gii tori®

iirich
*Karlsruhe Institute of Technology
©The Ohio State University
7 ENAL

* Direct measurement of the top-Higgs coupling
IS essential: ttH production provides the best direct
probe of this coupling at the LHC

« Stringent limits on ttH

production provide g i
indirect limits for the new t
physics models (Vector- -~ 7 H
like quarks, composite 1
Higgs models, RS, little {

Higgs)
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My contribution to ttH

tH | e e, =
oo 1/ tt-jets | |

@ lightflavor ¢
:
|

jetn light-flavor

I‘\’ﬁl jet 1

jet3

i d \
s : .
/ O NN
_ b-jet 3 _ O
b-jet 4 light-flavor b-jet 2

jetm

light-flavor

Main background of ttH

signal is given by ttjets

standard model production:

» ttH, with H—bb: 4 b jets +
n light flavour jets

> ttjets: 2 b jets + m light

flavour jets

« Difference between the two processes is given by the number of jets coming

from b-quark: higher in ttH signal

* b-jet properties allow discrimination with jets: long lifetime, large mass, high

track multiplicity, large semileptonic BR
My contribution: bjetness definition

* Property that allow to exploit the presence of more than one b jet in the

event:
v_ average on the previous properties

v  consider displacement of b jets among each other (other than the

primary vertex)
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My contrlbutlon to ttH
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* | have defined a set of new variables ¢
. . . . . . (=]
with high discriminating power, o7=| Improvement of

12% is observed

exploiting the difference in topology 06
between ttH and ttjets 05

« The new variables have been Z:
combined in a single BDT v

« Adding this BDT to the analysis 0.1
bring a 12% of improvement ()

04 0.5 0.6 0.7 0.8 0.9
Signal efﬁ_g

[ TTRIYTTTT
iy



