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Further probing SM with heavy lepton/quarks

* LHC is also a factory of heavy

lepton/quarks

* Heavy lepton/quarks are usually
more sensitive to potential NP

scenarios

* Testing SM and search for NP
indirectly through precision
measurement

2024/11/15 CLHCP2024
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Lepton anomalous magnetic moment q;
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Constrain tau EM moments a, & d,

If BSM effects scale with the mlz, deviations from SM could be 280 times larger than for a,,

* a; & electric dipole moment d, can be

probed from yTT vertex * Yy = TT process contains 2 Y11 vertices

Y T

~

@ T
Y T
T T

e contraints on electromagnetic moments a, & d, from form factors or SMEFT

* inthe SM: d, ~ 10737 ecm via CP/T violation in CKM, but could be much larger in BSMs

* Best constraints on a; and d, are both from e*e collisions:
— —0.052 < a; < 0.013, 95% CL (DELPHI@LEP)

— -1.85<d;<0.61x10-17 ecm, 95% CL (Belle)
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https://link.springer.com/article/10.1140/epjc/s2004-01852-y

Photon-induced Tt production

Photon-induced process: two charged particles (e.g.
protons or ions) pass each other at relativistic
velocities, they generate intense electromagnetic
fields - photon-photon collisions can happen

LEP: DELPHI, L3, ...

ete” - ete Tt

\_

LHC: CMS, ATLAS, ...

J
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Yy — TT measurements in PbPb collisions:CMS22
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clean channel: small backgrounds

CMS

first observed of yy - 77 in PbPb by CMS & ATLAS in 2022

CMS(2022)

PRL 131(2023) 151803

PbPb - 4041b™ (S = 5.02 TeV)

PbPb(yy)—Pb"Pb 't
Data, 4.8 + 0.6(stat) £ 0.5(sys)ub

L. Beresford and J. Liu,
Phys.Rev.D 102 (2020) 113008

, M. Dyndal et al.,
' Phys.Lett.B 809 (2020) 135682
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Yy — TT measurements in PbPb collisions: ATLAS
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u+3prong  PbPb - 1.70 nb' ({'s,, =5.02 TeV
L L L L L L L

YY — TT measurements in PbPb collisions:CMS(new)
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, O The measured fiducial cross section is

Major updates

v' With 2018 data, integrated
lumi up to 1.70 nb~ (x4)

v' addition of three tau pair
decay modes

v’ incorporation of both cross

section and kinematic
distributions

the most precise to date

CMS Preliminary

DELPHI e*e”
(EPJC 35 (2004) 159)

CMS PbPb
PRL 131 (2023) 151803)

ATLAS PbPb
JRL 131 (2023) 151802)

CMS pp
*hys. 87 (2024) 107801)
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O the g—2 measurement is of similar
sensitivity to DELPHI and ATLAS
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YV = TT signature in pp collisions

* 2 T leptons
* opposite charge sign
* back-to-back: |[Agp| =
* T decays: 7T decays:

:t'Tl' 4

h 0..0
h
htx0
WA hThTFhT#0
4.8
ee
e:t

ep
3% 6% :#75

» 2 diffracted protons

* no hadronic activity
close to TT vertex

2024/11/15 CLHCP2024



CMS yy — TT in pp: Strategy °*

 select events with opposite sign 7717~
» combine 4 Tt final states: ey, et,, ut,, T,y

» exclusivity cuts:

- back-to-back: 4 = 1 — 2?l - 0. 015 pt

[

* low activity around 77 vertex: Niy4cks=0 or 1in 0.1 cm window

A=0 T

A ~ i
(\‘ —— it

e -2 -1 0
/ ROPP 87 (2024) 107801

* use uu events (Z - uu, yy - uu) to measure corrections to simulation
* measure yy = 17 from observed m,, shape & yield in 50 < m?%S < 500 GeV:
* above e*e” & PbPb (m_, < 50 GeV)

« m¥} < 500 GeV to ensure unitarity in signal samples
2024/1171‘% CLHCP2024

More details:
Zongsheng He’s talk@
EW+top session
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First observation of yy — T in pp collisions

combined observed significance of 5.30

(6.50 expected) assuming SM a

= first observation of yy - Tt in pp !

combined signal strength

r=0.75+0.21-0.18

w.r.t. gammaUPC elastic prediction

X rescaling measured in uu data

Fiducial cross section: 12.4%38 , ,fb

dominant systematic uncertainties:

e elastic rescalingtoyy - 11
NHS

tracks corrections to Drell-Yan

2024/11/15

CLHCP2024
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Constraints on a, and d;

CMS

138 fb' (13 TeV)
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ATLAS and CMS for HF studies m

e Large silicon tracker
e Strong magnetic field
e Broad acceptance

e Superb muon systems
(CMS parameters, ATLAS similar)

e Three different devices, coverage up to [n|<2.4
e Dimuon mass resolution ~0.6-1.5% (depending on |y
e Fake rate <0.1% for p1,K; <0.05% for proton, with v

enoid

‘ orward Calorimeters

BareiTorgig ~ WmerDetector  Shieding

).
ery tight ID

e Flexible triggers, novel & dedicatec
approaches

Complementary to LHCb

2024/11/15

CLHCP2024

| data-taking

13



—u'w)dc/dp_dy [fb/GeV]

B(y(2S)

T
— —
o (@)
o, 2

T 11TTTTT] T YITT"T] TT lTTTﬂ] T 1TTTTT[I TT TTYT]TI T 11TIT|TI TT 1T”|TI TT 1T"|’T] TT TTTI"]
*
¢
L]

-
o
[e]

—
o
~

—
(@)
>

d—L—L
o R <

—

107"

J/U & P(2S) xsec and
polarization@13TeV

T T T T lllllll

‘.

261" p_<60GeV

JLdt= a0 p. 60 GeV

1 lllllll] 1 llllllll

. % pp Vs =13 TeV
Prompt y(2S)

—4— Datax10? 1.50 <|y| <2.00 e
——

—4— Datax 10' 0.75 < |y| < 1.50 *+ -

—4— Datax 10° 0.00 < |y| <0.75 .
1 L1 1 l -

L
L]
— _+_
1 IJllllll 1 llllllll 1 llllllll 1 llllllll 1 Illlllll 1 llllllll 1 Illlllll

lll 1 1 |

10 10°

P, (k) [GeV]E

Eur. Phys. J. C 84
(2024) 169

ATLAS
_ 261" p, <60 GeV
8p< ‘15';103729\/ [Lat= 140 6" p! > 60 GeV

Non-prompt J/y

- FONLL

1

1

T
1

{

1 11111

T
1

- GM-VFNS

1 1 1

1

11111l

T TTT

: NRQCD with kT-factorisation

P, () [GeV]

CLHCP2024

0.8

0.4

o
IIIIIIIIIIIIIll|III\§IIIIIIIIIII|IIIIIII

HX frame

Data
e CMS non-prompt JAip pp 13 TeV
pp 13 TeV

pp 1.8 TeV

® CMS non-prompt y(2S)
+ CDF non-prompt Jiy

. Lett. B 858 (2024) 139044

Curves : B > Jip X (undetected X)

Ref. [54] “Multi-body” (7 TeV)
Ref. [55] (1.8 TeV)

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

o

A

6
0.8

0.4

I
o
©

20 40 60 80 100

p, (GeV)

Prompt J/y
HX frame

: E—ee

e CMS 13TeV lyl<1.2
o CMS 7TeV lyl<1.2
m LHCb 7TeV 25<y<4

i

=4
B ‘j***:

1_[8
Soll

1

TTrrJrTT rrryrrrryrrrryrrryrrryrrryoraTd
| I IR N [ I I |

fork =1.5,1.7,1.8

IlJllllllllllllllllllllllllllllllllllllllllllllllllllllllll

20 40 60 80 100
p, (GeV)

O rrTT

14


http://dx.doi.org/10.1016/j.physletb.2024.139044

Studies of CP violation in charm and beauty
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http://arxiv.org/abs/2405.11606

Effective Ilfetlme measurement with neutral B, meson
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T(BY — J/pKQ) =



https://link.springer.com/article/10.1007/JHEP09(2023)199
http://arxiv.org/abs/2407.13441

Rare decays into muons

PRL131, 091903 (2023)
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B(J/Y = u u utum): B(D°-> p+u-) < 2.6x10° at 95%CL,
=[10.1 fg:g (stat) & 0.4 (syst) | x 10~ upper limit improved by 35%
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Full angular analysis of 4
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Summary
* LHC is probing SM with heavy lepton/quarks extensively

* ATLAS/CMS observed yy — 7t in both PbPb and pp collisions

* also used to constrain the tau electromagnetic moments
* pp result gains large improvement on tau g-2
* Tau EDM result is at the same order as the best measurement

* Many results on heavy flavor physics from ATLAS/CMS
* Charmonium production and polarization
* CKM triangle and CP violation
* Neutral B, effective life time

* Multi-lepton rare decays More results:

* FCNC b->s | | processes ATLAS Public Results Link
* Spectroscopy, exotic hadrons, LFU test ... CMS Public Results Link

2024/11/15 CLHCP2024


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome

