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Top quark

Top quark:

& Discovered in 1995 in Tevatron
®Heaviest particle in the SM: m, ~ 173 GeV
®Yukawa coupling y, = \/zm/v ~ 1
® Decay time : ~ 107 %4s
& Decay modes:

8t—->bW - b+7v(~33%)

8 —>bW - b+qq(~66%)
&High production rate at the LHC

&Primarily produced in #f pairs by gluon fusion

S

Channels:

& £ + jets (semileptonic):
tt - bb'W( — fv)W'( = gq’) High BR

¢ Dilepton (leptonic):
tt > bb'W( - Cv)W'( - V') Cleanest

& All jets (hadronic):
tt > bb'W( = qq)W'( — q"q"") Dirtiest
and more challenging.
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& Since its discovery, tf observed in CMS:

& /1inpp:\S =5 axiv:2112.09114, 7, 8, JHEP 08(2016) 029 Eur. Phys. J.C. 77, & pAand AA:
15(2017) 13 JHEP 09 (2017) 051 Eur. Phys. J.C. 77,172 (2017) 1eV & Probe for nuclear PDFs
® //in pPb: \/E = 8 TeV Phys Rev. Lett. 119, 242001 & Paves the way for using tops as a probe for QGP.

& Motivation:

® PP:
& pA and AA profit from pp measurements.

® Constrain to proton PDF (x ~ 1/\/3).
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& First evidence of 7 in nucleus-nucleus using PbPb Theoretical prediction (CT14 NLO +
collision data recorded by CMS in 2018 at EPPS16 NLO)
Vs =5.02TeV

ol =3.22%03% (nPDF @ PDF)*)" (scale) ub

® Data sample correspondsto & = 1.7+ 0.1 nb~!

pT>2§ GeV, |n| <21

® Dilepton (tf — £*¢ v ,U,bb) final states were
analyzed. | Electron

® BR(tf —» £Y¢ v, U,bb) ~ 5%
& Two methods to extract o,

& Dilepton only: Final state kinematic properties
alone

& Dilepton + b-jets: Imposing extra requirements
on the number of b-tagged jets


https://doi.org/10.1103/PhysRevLett.125.222001
https://www.sciencedirect.com/science/article/abs/pii/S0010465514002264?via=ihub
https://doi.org/10.1103/PhysRevLett.110.252004
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-19-001/

Top quark 5

Phys. Rev. Lett. 125, 222001

_ +0.26
u=0.79755;

BDT

(3.8 s.d.)

u=0.63T57

DT
Phys. Rev. Lett. 125, 222001

C4

(4.0 s.d.)

0.22

i : Dil b-]
Dilepton . llepton + b-jets
Phys. Rev. Lett. 125, 222001 1 Phys. Rev. Lett. 125, 222001
-1 _ -1 _ -1 _
. Cms 1.7 :t; at(e\l/% - 5.()-2thev> ) 0%2 1.7 :Ig at(;/% - 5.0-2theV) i - cng: 1.7:% at(;/% 5.0-2ﬁTeV) aoms 1 7 b (5 = 5.02 TeV)
= ee = @ _
§ mvVv mtw § 10° mVVv mtw S ; WV L © =\E;3ta =3N
L [JNonprompt [ Z/y* T [JNonprompt [ Z/y* i w10 CINonprompt [ 2/y i [C]Nonprompt  [1Z/y*
10°F L.e. B8 Total unc B Total unc 1 B Total unc 10° 5 Total unc
102 ....... 5 1b 2b 1b 2b
] 1028 | _ )
........................... 10
bocoo¥oooooolilioood I
10
10 .
10 1 10
i 1 1
. . S 3 2
QGL_J 1.51 - n *; + N t g 1.51 e e ) + * Y ¢ [ | % 0.51 g% 1'51 5 STV . 2
= R o @ ,,,,,,,,,,,,, RS SRR3R S St S +— U.ofF = B
g 0.8— | ¢ | %0.(5)— | | | | 1 a 0 /0,7)3[ [’/32/3[2/37/ [0,7}3[ /7/3;2/3/2/3,,] 10,7 §0'8 T T T~ I5 jo
() 0.2 06 08 1 ) 02 04 06 08 1 { { BDT ey e Ty TRy
BDT BDT 1
40CMS 1.7 nb”" (s, = 5.02 TeV) 1 £ CMS 1.7 nb™ ({s = 5.02 TeV)
2 T eu ¢ Data “Ti ; 2 UL eu ¢ Data Wt
3 i mVVv T S - mVvV mtw
LLI - [JNonprompt [Z/y ] W 40— [JNonprompt []Z/y
30 - 75 Total unc B85 B Total unc
i | i 30 1b 2b
20 5;2004 ,0000; I N o I 1 b N .
: otice only In:
20
10 R n we need more stats!
L + [ ] [ ]
e~u* is the highest 1o
O ° ° ° f.
sensitivity final 0
o 2 s 2F
n&_) 15 215
L state <
5 0-2 805
1 1 1 1 m -
0 "0 0.2 0.4 0.6 0.8 1 a 0


https://doi.org/10.1103/PhysRevLett.125.222001
https://doi.org/10.1103/PhysRevLett.125.222001
https://journals.aps.org/prl/supplemental/10.1103/PhysRevLett.125.222001/HIN-19-001_supp-jnl.pdf
https://journals.aps.org/prl/supplemental/10.1103/PhysRevLett.125.222001/HIN-19-001_supp-jnl.pdf

Top quark

Dilepton + b-jets

D

Dilepton

& Compatible with pp scaled data and
QCD calculations.

& Statistical uncertainties dominate by far.

& Evidence of top production in PbPb

CMS
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Going further dileptons...

& 11 in pp: baseline reference for AA

& 11in pp at 5.02 TeV update in dilepton channel
with 2017 data. .xiv2112.00114

& Dilepton & £ + jets channel accessible

& Reaching higher precision
2015: dilepton & 7 + jets
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Projections for ¢ in PbPb at HL-LHC

CMS CMS Projection
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& Focusing on dilepton only method (no b-jets).

& Total uncert. expected to be halved w.r.t. Run 2.


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-19-001/
https://doi.org/10.1103/PhysRevLett.125.222001

Top quark as a probe for QGP 9

& 7 ~ 10"?* sec. Does not hadronize and decays ~ ® Depending p, tops can decay before or within QGP.

before QCD mechanisms start acting. ® Taking "snapshots” at different times (p,), one could
& Unlike other jet quenching probes (dijets, resolve the QGP time evolution.
Z/y + jets) which are produced simultaneously ® Semileptonic tf represents a
with the collision, tops can resolve the time ¢ High BR
evolution of QGP: ¢ Good S/B
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Vector mesons in UPC 10

& Central HI collisions mainly devotedto ¢ Large photon flux ~ Z* (Fermi/Weizsacker-
study quark matter properties; Williams see Mariola’'s talk).

S. Lee, QM2022 slides & Experimentally clean. (Paradoxically Hl

\ collisions are the messiest and cleanest!).
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& Ultra-Peripheral HI Collisions (UPC):
¢ Interplay between QED, QCD and BSM.

® Impact parameter b > R, + R, (nuclei
don’t “touch” each other.

JIp candidates in a central PbPb collision (left) and in an ultra-peripheral collision (right).


https://indico.nucleares.unam.mx/event/1933/session/6/contribution/115/material/slides/0.pdf
https://indico.cern.ch/event/895086/contributions/4716202/attachments/2423092/4147702/QM2022_upsilon_soohwanlee_final.pdf

Upsilon production in HI 1

&How do we produce Y in UPC ? & Relevance:
& Understand nuclear structure: nuclear PDFs,

specially at lox x. (Nucleus is not just a simple
superposition of protons and neutrons).

& Photon produced from one ion fluctuates
to a quark-antiquark pair which interacts
with the other nucleus via two gluon color
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Upsilon production in HI UPC

& Relevant related analyses by CMS:
® Y photo-production in pPb arXiv:1809.11080 at 5.02 TeV
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& Relevant related analyses by CMS:
& J/y photoproduction in PbPb at 2.76 TeV arXiv:1605.06966
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& Vector meson photoproduction at CMS is being actively
studied.

Pb+Pb — Pb+Pb+J/y 159 ub™ (2.76 TeV)
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® Ongoing analyses e.g. J/y, Y in PbPb at 5.02 TeV which
might bring new hints about saturation and nuclear behavior.


https://arxiv.org/abs/1809.11080
https://arxiv.org/abs/1605.06966
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Summary
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QTOp quark in HI is unique pro be to resolve the AFS: Multi_20b_7_16_7_3bpi_8inj_PbTest2022 PM Status B1
time evolution of QGP.

& Vector meson in UPC: L

&lm portant for nPDF determination. |

3 ‘ 208Pb

& Relevant to understand saturation.

& Quarkonium photoproduction analyses
ongoing (J/y to be approved soon...).
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|ldentification of b-jets
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Boosted DeC|$|0n Trees (BDT) & 17in PbPb: BDT is trained with kinematics of the two

leading-p; leptons.

& Decision Tree (DT): binary classifier in which repeated s p,of leading lepton, p(Z))
decisions are taken until a stop criterion is reached. . pr(€)) — pH(&,)
& Boosted DT (BDT): extends the idea from one tree * Asymmetry in lepton-p/’s, p(€7) + pr(£5)
(weak classifier) to several trees (forest) e Dilepton system p,, p(£€)
Better performance classifier ¢ Dilepton system pseudorapidity, |#(£?)|
& By convention, signal (background) events & Absolute azimuthal separation in ¢ of the two

accumulate at large (small) BDT score. leptons, | AG(ZL)|
s Sum of absolute 7's of leptons, Z | 77; |
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