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* Accelerated charged particles generate huge
electromagnetic fields (104 T), source of huge photon
fluxes

e Cross-section, o (yy) ~ Z4 (for PbPb, 5.107 times larger
than p, e<)

Source
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» Accelerated charged particles generate huge oton pair production

electromagnetic fields (1014 T), source of huge photon Pb\ﬁfbm f(ﬁ Sh
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Light-by-light scattering proceeds
; through box diagram

Lepton pair production

Axion-like particles (ALPSs)
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* Breit-Wheeler (yy — ee) process
 Muon and tau lepton pair production

Source

A unique tool for precision test of Standard Model and searches for new physics
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* Modified low Er y/e reconstruction to go down to

(Inl > 8.4)

Et> 2 GeV

* Two well reconstructed electrons/photons: invariant

(5.2 < |n| < 6.6)
Source

mass meerr > 5 GeV, preery < 1 GeV, acoplanarity
(Ap = 1 - Ageerr/m) < 0.01

e Excluding any other neutral particles and charged
particles
e _ess than 3 neutron emissions in both side Zero

degree calorimeters

Electron reco+ID efficiency
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Light-by-light Process : Background Estimation

* In light-by-light process, two photons are expected to be exactly back to back acoplanarlty (A¢) = O
Background estimation:
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Total uncertainty (statistical/non statistical) : 24% (15%/19%)
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L|m|ts on Axmn lee Partlcles

. I\/Ieasured dlphoton mvarlant mass distribution used to search for narrow resonances (ALPS) on top of
the light-by-light continuum
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r-leptons pair production




e y77 Vvertex is sensitive to a; = (9-2): / 2

e DELPHI had the best measurement since 2004

Pb

* First LHC observations by CMS (2015 data) and ATLAS (2018 data) in UPC PbPb aF
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® Observed —68% CL —95% CL ; U,
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This result

_O.1I ] ] ]

Rep. Prog. Phys. 87 107801

SM

e CMS measurement in pp improved the previous best a;
measurement by DELPHI, exploiting the a.: sensitivity in high

TT MAsSs

PPC 2024, Hyderabad | Pranati Jana

16/10/2024 Yy — TT 11


http://www.apple.com
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://iopscience.iop.org/article/10.1088/1361-6633/ad6fcb/pdf

O |

* Low 77 invariant mass: complementary to the pp analysis g B Fully hadronic
N e+
. % B u+1lprong
« 2018 dataset ~ 4 times larger dataset than 2015 S u+3prong
o B e+3prong
: : : : c
» Low pT e/y study exploited from light-by-light analysis = = etiprong
'S : e+e
. . +
* |n u+1prong, no neutrons in the Zero Degree Calorimeters <« HTH
(ZDC) (On0On)
CMS Preliminary pbPb - (s =502Tev)  ° NON-exclusive background in semi-leptonic channels is
o 16r . . .
=2 L (ry = uw e sum estimated with a data-driven method
5 14— acoplanarity < 0.002 — 0non
E 1_23_ —— 0nXn .
O —xoxn | e Exclusive yy — ee, yy = up, & yy = uuy can be
> osE removed by acoplanarity cut " _— pp*
0.6 :— m: —I—_l__|_—4—§r__|‘IL + 1, | 4+ | 1 ~d & ,LL_
0.4 T T |__ ny -
0'25_45;7 | | + o \{\,7
- — e S T e e A
: o e CMS-PAS-HIN-24-011 N _

35I — I40
M, GeV/c®

PPC 2024, Hyderabad | PranatiJana 10/10/2024 Signal selection (yy — t7) 12


http://cds.cern.ch/record/2912969?ln=en

a-MC corison

* Signal stacked on top of background(s), compared to data

 (Good agreement between data and the signal+background model

Highest yield Cleanest channel
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* yy = 7t samples with -0.1 < a: < 0.1 generated with UPCgen

CMS-PAS-HIN-24-011
* Fit performed on lepton pr with the most sensitivity to a:
e Limits on a; and fiducial cross section are extracted
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af measurement

. lelts on a; from thls AnaIyS|s
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SM prediction: a; = 0.001 177 21(5)
Total systematics ~ 5%, dominated by muon and pion efﬂClency (EPUC 35 (2004) 159)

and lumi

 The most precise measurement of yy — 7 cross section

Heavy ion runs

Ofiducual(Ub) = 447
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pp runs with track counting pp runs with proton tagging

CMS Preliminary ~ [1.61,1.70] nb™" - PbPb (v/Snn =5.02 TeV)
J_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIJ_

DELPHI e*e" - SM ]
e 950/0 CL :

| CMS PbPb
. (PRL 131 (2023) 151803)
L | )

ATLAS PbPb
(PRL 131 (2023) 151802)

CMS pp
(Rep. Prog. Phys. 87 (2024) 107801)

e+3prong
(This result)

_ u+iprong  PbPb-1.61nb (s, =5.02 TeV) 138 fb™' (13 TeV) i
— rrr+p*vr1r ey e T T T T T v ___ FT— T T T T T T T 71T T T T®T 0 1
2400 T pata CMS — -'CIE) 300 - CMS —+—0bserved Zi* (— ) + VWV - Ht€ :
"2 350 = @ vy—tr, UPCgen, a_=-0.038 Preliminary => 250 u ] (ThIS I'ESU"Z) i
% 3002_ By, gammaupc _; H : Zh* — wldet mis-ID i
2505_ g::::::ar from data CRs _i 200 == Yy — Tt Uncertainty E H +_3prong __;_
200 ?& xxixxx h _f 150 = . CMS _effld eeeeeee PPS (+ TOTEM) Rorpan Pots (ThIS result) i
- E 100 ER. ——ail eree
E =" H+1prong
- G sectard (This result)
E Xxxxi;__
5 : u% 1.5} | = - Combined | _
TS5k I T B f - | (This result)
S T e e T L I ! | L Linhloilioliolium
§ 0% 55— e s O 05 . SMa, —2,=0008 - CPOMDIDTONO = N®DLIDD N0 DO
0 2 4 06 8 10 12 14mu1(§;np18 ~ 100 150 7 500 —TOO0O0O00O0O000O00O0OO0OO0OO0O0OO0OOOT
" s (GeV) ? 6999933330000 55053SS
dq
50 GoV | 350/GeV 5 TeV CMS-PAS-HIN-24-011
LHC seminar by Cecile Sarah Caillol
PPC 2024, Hyderabad | Pranati Jana 16/10/2024 Results (yy — t71) 15


http://cds.cern.ch/record/2912969?ln=en
https://indico.cern.ch/event/1355799/

* Breit-Wheeler process: NLO QED prediction is well agreement with data
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CMS Preliminary PbPb, 1.65 nb™ (|s,,, = 5.02 TeV)
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Thank you all !
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e |ncreased lumi in Run3 CMS-DP-2024-011
. CMS Simulation Preliminary PbPb 5.36 TeV
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LbyL Process : Detector Level Distribution

 Good agreement in the detector level
distributions between data, signal and

background MCs
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B-W Process : Detector Level Distribution

e Overall good agreement in the detector level distributions, Superchic + FSR (Photos++)
describes the pree tail better than Starlight due to the adding of FSR
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B-W Process: Unfolded Distribution
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r-leptons pair production: Selection

Muon selection criteria

Variables Allowed range
Soft ID
PT > 3.5GeV for |n| < 1.2
>15GeVforl2< || <24

Neutral exclusivity

Table 8: Calorimeter thresholds

Sub-Calorimeters 1 range Threshold(GeV)
EB 0 < |y| < 1.4442 0.7
EE 1.566 < |n| < 2.6 3.0
HB 0< |n| <1.305 2.8
HE 141 < |n| <3 1.0
HF* 315 <n <5.2 6.0
HE~ 52 <n < -315 6.0
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