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Outline

» Introduction
»yY — 1T and T anomalous electromagnetic moments
constraints

based on CMS-PAS-HIN-24-011, Rep. Prog. Phys. 87 (2024) 107801

»yy = WW and quartic coupling constraints

based on CMS-PAS-SMP-24-019

» Summary
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Photon-induced Processes

p >

* Provide a pure electroweak environment
* o(yy) xlog*(Vs)
+ o(yy) xZz*
* Quasi-real photon,g? ~ 0
* m0O(10GeV) @ PbPb 5.02TeV
m;0(100GeV) @ pp 13TeV
Process signature:
-Large impact parameter (b) —no Multi-Parton “ -
Interaction

—opposite sign(OS) and back to back WEw t/rt¢+
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Yy — 1T and T anomalous magnetic
moments constraints
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Anomalous Electromagnetic Moments of T

—g—2
H=8om ,
i _ 91~
K/'e al 2 Y 8 Tt
o Measurements of (g-2), agreement with SM of 12 @ ;
significant digits
* Many BSMs predict the enhancement of t - i o T
2
2. Yukawa-lik ling: % ~280
€8 Tukawa-like Couptng mg, * a,and d, can be probed from ytt vertex
= probe for New Physics * Yy — TT process contains 2 Y1t vertices
* Constraints on (g-2), in e"e" collisions: * Constraints on electromagnetic moments a, &
-DELPHI@LEP: -0.052<a,<0.013(95%CL) d,; with SMEFT

d,: edm, electric CP violation in CKM:
dipole moment of T d?™ ~ 10737 ecm

some BSMs predict:
d, ~1071% ecm
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yy — T in Pb-Pb collisions at 1/s=5.02TeV
with integrated luminosity = 1.7nb~1

CMS-PAS-HIN-24-011 6
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Analysis Overview

Phys. Rev. Lett. 131 (2023) 151803
 Final stat, u+1prong, u-+e,

et+3prong

* Integrated Luminosity: 1.7nb~1 (404 ub~! in
the previous study)

 Gain from Z* enhancement, Low pileup,
Low background

* Estimate background with data-driven method

high

HF activity

\

Forward Hadron

Calorimeter low high
Number of charged tracks
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ptiprong _ PbPb - 1.61 nb' ({5 = 5.02 TeV) u+3prong  PbPb-1.70 nb' (s, = 5.02 TeV)
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Fiducial Cross Section Measurement and Constraint on a; from PbPb Data

Fiducial selections:
e Tpr>1GeV
* 7|n|<3

gfiducial — 447f%?ub
a,=—35%13x1073

combined
. CMS Preliminary PbPb - [1.61, 1.7) nb”" ({/s,, = 5.02 TeV)
T F e Normalized UPCgen (yy — 1)
% 0.7 «  Bestfit: a, =-0.038, 5 (mb) = 0.428

0.6
0.5
0.4
0.3
0.2

0.1 P T 1 | T O (O PO T | 1
-0.1 -0.05 0 0.05 0.1 10

a,

CMS Preliminary ~ [1.61, 1.70] nb™" - PbPb (\/snn =5.02TeV)

DELPHI e*e”
(EPJC 35 (2004) 159)

CMS PbPb
(PRL 131 (2023) 151803)

ATLAS PbPb
(PRL 131 (2023) 151802)

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

e+3prong
(This result)

p+e
(This result)

H+3prong
(This result)

p+1prong
(This result)

Combined
(This result)
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yy — TT in pp collisions at 4/s=13TeV with
integrated luminosity = 138 fb~1

Rep. Prog. Phys. 87 (2024) 107801
9
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Analysis Overview

Combine 4 Tt final states: eu, ety, uty, Ty

Hadronic decay

_1a®l
— =
e Exclusive selection of SR:

o opposite sign 17~

e A<0.015

e Niracks = 0,1 in the 0.1 cm width window of the
di-t vertex
(Nyracks: NUmber of extra charged tracks)

o Acoplanarity A = 0
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2000

Events

1500

1000

Events — Bkg.

CMS 138 fb™' (13 TeV)
C } Observed 2/7' St |:|'Z/~(' R eélpp
" [1Excl. bkg. l@VV +tt [l Jet mis-ID
Clyy & Tt Uncertainty

EPS-HEP



First Observation of yy — 7 in pp collisions

5.36 observed, 6.56 expected

Based on m,,; distribution for 4 final states with nTrk=0,1

1 CMS 138 fb' (13 TeV) CMS 138 fo' (13 TeV)
U’th, Nitracks = 0 138 fb™ (13 TeV)
» —— 1 ———————— ® Observed —68%CL —95% CL ® Observed —68%CL —95% CL
£ %00 CMS 4 observed [[]z* (— )+ vV - OPAL | 'i | OPAL Y
Q C . ee - Z -ty ; ee - Z — Ty
2501 D Zh* - uu. Jet mis-ID E PLB 434 (1998) 188 PLB 431 (1998) 188
i L3 :
200==m = ee —> Z — try ° L3 5
- e . PLB 434 (1998) 169 | ee — Try *
150 = DELPHI g PLB 434 (1998) 169 :
- ] — 1t (v from e) ———— SM
100 = EPJC 35 (2004) 159 Iy Qgiuﬁ . I
b BE_ E 2% 4 from Pb) 5 PLB 485 (2000) 37
S — - PRL 131 (2023) 151802 | Belle d; = (—0.62 £ 0.63)x10"7ecm
= CMS ; ee >y =1t .
: Yy = m (y from Pb) T JHEP 04 (2022) 110 |
S PRL 131 (2023) 151803 | (2022) ’ _
2 it (2023) 5 . d, = (=0.0 + 1.7)x10"ecm
Sy ' 1
8- o YI—Yl,“:rg;llet from p) /'*"'* YI.Yh — 1T (ly from p) /""‘ 5
51 _SMa —a =0. - L L AT 1 is result NPT A oy [
o 9° , SMa, —a, =0.008 01 0.05 0 0.05 040302010 0.1020.30.405
100 150 500 A, d: (e cm)

Myis (GeV)
much larger BSM eftect on larger m;

Large improvement over LEP and LHC PbPb ~ Approaching Belle precision
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vy = WW in pp collisions at 4/s=13TeV
with integrated luminosity = 138 fb~1

P2

CMS-SMP-24-019 1
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Photon-induced W Pair Production and EFT Description

In standard model photon-induced WW produced
via trilinear and quartic gauge couplings.

¥y w+ 7 w+ ¥ w+

4 Cw- Y w- v W~

LWWy

Lywyy = —e2(W,WHA, 4 — WS A*W, Av)

zongsheng.he@cern.ch

= —ie{(*W" — *WHW, A, — (a*W>T — v WHD )W, A, + W, W, (94

Photon-induced processes with CMS

‘S@W '\;

* Runl results used an effective Lagrangian with
dim-6 operators:

W
| QemT Ay 9 ' a
Lefs = e;n A2 nyW,1 e;n Q’yWQ

*  We use the latest recommendation on dim-8 operators from
LHC EFT WG Note

e The LEP like dim-6 operators can be related to

linear dim-8 operators

w_ My [.2 fM 2 fMiz s

aO = ’ﬂ'acm [ 2 + 2cw + swcw A ’
w M 2 fma 2 fM 3 fus | 8% fm
¢ = ~Tawm [—Sw—Ar At 28wCw R + 3R

— avAu)}
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Analysis Overview

* Final State: ep (based on the eu channel of yy — 77 study)
> opposite sign etu*
» low activity (ow Ngpqcks) around eu vertex
. |AD|
» Acoplanarity = 1——

T

* Use pu final state as control channel to derive following corrections

Taken from 7 g-2 study

» Acoplanarity correction
» Beam spot

> Pileup N}Y ..o correction
Derived for this analysis

> Hard scattering NI .. correction

e Measure yy -» WW from observed pre, shape & yield

14
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Event Selections

ey SR (CR) K

pr (GeV) > 15/24 —
17| &2.5 —
|d%y| (cm) < 0.05 (barrel) —
< 0.1 (endcap)

ph (GeV) > 24/15 > 26 —29/10
Ui <24 <24
|d¥y| (cm) < 0.02 < 0.05
myp (GeV) > 20 > 50
0S Yes Yes
|dz(£,£)| (cm) < 0.04 <0
A > 0.5
A > 0.015 —

tracks 0([1,5 —

Probability density

100 CMS Simulation Preliminary (13 TeV)
T 1 — T T T T T T
- — Yy - WW
YY = 11
— Ziy* s 1r
10711
10-?
0.0

Heavier mass ot W than t

100 CMS Simulation Preliminary (13 TeV)
a | vy WW
% VV = 202v
=
S0
Qo
[
a

10'2:—

10'3:—

N trakc
-4 P N TR | N i " h
10 10¢ 10 10?
Ntracks

Nt racks: number of tracks with
|dz|<0.05cm to the di-W vertex,
reconstructed as (z(e)+z(n))/2, removing
tracks used to build lepton candidates.
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Ntmcks/NtmckS Correction

1
! =3

! lem 1¢ém 0.1cm
| 21—
1

T 2 [om] . Ntracks - tracks N tracks
) ; . + QMISIPreIIin?irlvalry - 2018 59§Tb_1.(1.3.T.eV)
windows far from the di- u vertex to discard the H ?E_ - Iy~ M <15GeV  Drellvan in N{SIS® bins (HS corrected)
. . . A >0.015 @0 @3 [@10-14 [J25-29
tracks from the hard scattering interactions , Ziss -7l <0050m @1 @4 C115-10 (320
Correct events with 10 @2 @59 O20-24
— 1 ¢ Obs. —Bkg.
. CMSpreiminayy 2018, 59.8 f (13 TeV) Niracks=0 at Neracks =0 , Bkt Wy
?(- 15 Im,, -myl <15 GeV ; . 10
_75<Z< =74 cm $ Observed )
1071k ~Z >y (BS-corr) ] Correct events with

—Z — uu (uncorr.)

N tracks =l at N tracks

Mg

'c% ek ; Final corrections
~ 1.2F E
. 1k
2 osf E
O 0.6E

0 5 10 15 20 25 30 35 40 45 50
Number of pileup tracks
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=1

; " EsR
2|< 1.2
m > 1:
= 3
g|2 o8¢ —HS tncorredted :
O ! | | .
0.6, 5 10 15 20 25 30

N tracks
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Prey Distribution in CR

«10° 138 fb (13 TeV) 138 fb (13 TeV)

c S — — T T T T T 3 c ~ame~ — .. T T T T T T 7

'S 400 = CMS Preliminary <+ Observed [ vv = e CMS Preliminary +-Observed [ vv .

_?_,) 350 E_ [ Nonprompt []z/y— _E _.@1 2000 1= Niraois=5 [ Nonprompt [[]z/— _:

GCJ - [ Top [ Juncertainty J GCJ 10000 [ Top Bl Uncertainty

> 300F = > ]

Ll - = 8 ]

250 - = 8000 -

200 & E 6000 -

190 3 4000 =

100 = .

50 ] 2000 —:
o 14 g. 1.4
a5 12 a5 12
=~ 1 ; 1
8 08 8 08
O 06 O 06

p.(en)(GeV)

Only statistical uncertainty shown, prefit
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Systematic Uncertainties

Uncertainty Process Magnitude
Luminosity All simulations < 3%

L1 prefiring All simulations negligible

Pileup reweighting All simulations Event-dependent
IDrell-Yan normalization Drell-Yan simulation Rate Parameter
Top cross section Top simulation 3%

vy =& WW and vy — 77T normalization 5y - WW vy — 1T 2%

MR, Hf Drell-Yan simulation Shape

PDF Drell-Yan simulation Shape

ISR, FSR Drell-Yan simulation Shape

Inclusive VV normalization Inclusive VV simulation Rate Parameter

e ID, iso, trigger All simulations up to 2%

e ID multiplicity correction All simulation 1%

u 1D, iso, trigger All simulation up to 1%

NPU reweighting All simulations 2%

N, >, reweighting Drell-Yan and inclusive VV Rate Parameter
OS-to-SS SFs Stat. Unc. jet — e/ u fake background Shape
Background composition jet — e/ u fake background 10%

Limited statistics All simulation, fake background Barlow-Beeston-lite approac]

18
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Inclusive Cross Section Measurement

CMS Preliminary 138 fb' (13 TeV) CMS Preliminary 138 b (13 TeV) ﬂ 6 :

5 Postiit N, = 0 ':’;)Yb'_fe:_t’ed' =’\(}Yv_)'ww : 5 Postit 1eN <5 ':;)y"’_s)e:i'ed' '=m—>'ww
2 102 [ Nonprompt [ Z/y— tt £ 10° [ Nonprompt [ Z/y— w . .
g Tree Dineertaing g Inclusive cross section of yy —
o - WW with all W decay modes
inclusive _ +81.7
o = 658.87777 b
1
107
o 14 e o o
g 12 e | f b Y 4 ik
O 06 ! @)
0 50 100 150 100 150
p_(ew)[GeV] p_(ew)[GeV]

 Statistical and systematic uncertainties are shown
* Last bin contains overflows
* The observed significance is over 7o, first observation of yy = WW at CMS

19
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Fiducial Cross Section Measurement

1 S Ntracks S 5

Process Nyacks = 0
Z/v* > 1T 3599 +£22.4
Jet mis-ID 120.4 +10.2
Inclusive VV 115.2 +10.0
NG => TT 342+14
Top FV=ke 15
Nonfiducial yy - WW  11.5+05
Total bkg. 648.1 4+ 28.3
Fiducial vy — WW 183.7 2.22.2
Total 835.4 + 28.8
Observed 829

zongsheng.he@cern.ch

11262.3 £ 166.4
2176.1 = 186:1
3733.7 £=184.4
/0 =19
718.6 =114.9
70524
17998.5 £174.3
124.0 =15.8
181.22.5 = 159.6
18112

* Fiducial region definition:
eu final state from W

leading lepton p;>24GeV
subleading lepton p;>15GeV
Mel<2.5

n u|<2'4

0 extra track

A>0.015

AR (e, n)>0.5

me,>20GeV

* Signal events in the fiducial region: 94%

* Treat signal events outside the fiducial region as
background

« ¢/14=414051

YVVVYVVVYVYVYY

20

Photon-induced processes with CMS EPS-HEP



Constraints on Quartic Coupling

Events

70

60}
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40
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CMS Preliminary Vs =13 TeV, 138 fb™"
B T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T i
 — fua/A*=08TeV* — fr,/A*=0.84 TeV* |
— fuo/A*=0.8Tev* — SMyy->WW =

E . fT,4//\4=0.8 TeV-4 " Bkg. unc. E
C fgA*=04Tev¢  Data-bkg ]
= |

“_9,

5

3]

_;I

0 20 40 60

80

IR A
100 120

)
140 160

pr(ep) (GeV)

PTeu distribution of yy -» WW
with nonzero EFT parameters
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First constraints on

Expected 95% CL (TeV~*) Observed 95% CL (TeV %)

f-odd parameters,
indicated by tilde

M7
fro/A*

fr1/A*
7S

Maximum likelihood fit

=)
N
>

Y

g

~

é:h
[e)}

—
N
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[-15.19, 14.66]

[-0.61, 0.61]
[-0.60, 0.61]
[-2.20, 2.20]
[-2.32, 2.24]
[-2.18,2.22]
[-4.41,4.41]
[-4.05,4.20]
[-1.99, 1.99]

[-29.31, 30.38]
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[-2.09, 1.97]
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[-0.088, 0.088]
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[-0.088, 0.088]
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[-0.56, 0.52]
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Comparison of Constraints on Quartic Coupling

CMS Preliminary, July 2025 channel limits v  CMS Preliminary, July 2025 channel limits v

N - WV&ZV+ijj (CMS-SMP-22-011) [-0.138, 0.127] @
Lol WV8ZV+jj (CMS-SMP-22-011) [-0.539,0534] 4 [um— Wo+jj (PRD 108 (2023) 032017) [0.470,0.510] 1.9
4 e WW(ss)&WZ+ij (PLB 809 (2020) 135710) [-2.700,2.900] f / N — 11— WW(en) (CMS-SMP-24-018) [-0.560, 0.450] o
) . o4 2 | Zy+jj (PRD (2021) 072001) [-0.640, 0.570] 1.9
f / A —_ yy—WW(en) (CMS-SMP-24-019) [-3470,3470] = T O _— Wt 210 WHEP 10 (2021 174) (1300 1300] =
e, Wy+jj (PRD 108 (2023) 032017) [-5.600, 5.500] 17 ’ [ S WW(ss)&WZ+jj (PLB 809 (2020) 135710) -1.100, 1.600] ©
v+ [ 1
) Zy+ji (PRD (2021) 072001) [15.80,16.00] 1.3 - o tonaoonan s
—_————x10 y1—VV(had) (JHEP 07 (2023) 229) [-66.00, 66.00] = 4 —_— Wy (PRID 108 (2023) 032017) [0.310,0.340] 25 .
................................................................................................................................................................................. f / ,\ —_— WW(sS)WZs] (PLB 809 (2020) 135710) [0.690.0970] = I e con Straln tS are ranke
" e ] Zy+jj (PRD (2021) 072001) [-0.810, 0.900] 2.0
— WV&ZV+ij (CMS-SMP-22-011) [1.590,1.620] = T 1 _ Wt 211 WHEP 10 (2021) 174) 1700 1660]
4 [ — WW(ss)&WZ+ij (PLB 809 (2020) 135710) [-4.100,4.200] ’ —_— 1y—WW(en) (CMS-SMP-24-019) [1.820,1.700] o .
f / A Wy-+jj (PRD 108 (2023) 032017) [-7.800,8.100] 2.1 WAV} (NS SMP22.011) L03a1,0832] ‘h Ilth res eCt tO th e
M 1 yy—=WW(en) (CMS-SMP-24-019) [-13.11,12.88] © 4 ] Wy+jj (PRD 108 (2023) 032017) [-0.850, 1.000] 2.3
’ —10 Zy+ij (PRD (2021) 072001) [35.00,3470] 15 f / /\ — z o oz o7y bree 1540 19 ..
—ect00 W—VV(had) JHEP 07 (2023) 229)  [2465,2455] = T2 (P18 500 (2020, 135710 [1600.3.100] = SCHSltl‘ 71t on to are th e
’ Wy, Zyy (JHEP 10 (2021) 174) 3.640, 3.640 o °
.« . .
A4 most sensitive constraints
WV&ZV+jj (CMS-SMP-22-011) [-0.703, 0.703] f / .
Wy+jj (PRD 108 (2023) 032017) [-1.900, 1.900] . T , 3 —_ WVa2ZV+j (CMS-SMP-22:011) [-0.305,0.305]
Zy+ij (PRD (2021) 072001) 16.550,6.490] 1. —_— 11 WWlen) CUS-SVP-2¢-019) [2.840,2.070] =

yy—>VV(had) (JHEP 07 (2023) 229) [-9.800, 9.800]

11—WW(ey) (CMS-SMP-24-019) [-2.000, 1.960] T’4 — 14— Wi(ep) (CMS-SMP-26-019) [0.870,0.630] = Tight Constraints On fm29

WV8ZV+jj (CMS-SMP-22-011) [-2.550, 2.550] — WVAZV+j (CMS-SMP-22:011) [-1.400,1.350] o
Wy-+jj (PRD 108 (2023) 032017) [-2.700, 2.700]
Zy+jj (PRD (2021) 072001) [-13.00, 13.00] . 4 - 11— Wi(ew) (CMS-SMP-26:010) [-0.170,0.140] =
—_— Wo+j (PRD 108 (2023) 032017) [0.310,0.330] 2.6 m3 ’ t4 ’ t ’ t 7
yy=»VV(had) (JHEP 07 (2023) 229) [-73.00, 73.00] —_ WIVAZV+ (OMS SV 22011) 10382 0873 =
T 5 —_— Wy, Zyy (JHEP 10 (2021) 174) [-0.520,0.600] =
bl — Zy+jj (PRD (2021) 072001) [-0.580, 0.640] 22
4 —_— WV&ZV+ijj (CMS-SMP-22-011) [-1.480, 1.480] o 2701 20
y—s! = D4 - — Wy+jj (PRD 108 (2023) 032017) [-0250I 0. .
f / A — Yy—=WW(eu) (CMS-SMP-24-019) [1.910,1.920] = 4 T o (s g 01 o 2
M 4 L | Wy+jj (PRD 108 (2023) 032017) [-3.700, 3.600] 23 — Wyy, Zyy JHEP 10 (2021) 174) [-0.600, 0.680] ®
1 — Zy+jj (PRD (2021) 072001) [-13.00, 12.70] 1.7 T, 6 et WVBZV+j (CMS-SMP-22.011) [-0.794, 0.775) w
. Zy+jj (PRD (2021) 072001) [-1.300, 1.330] 20
—_—10 yy—>VV(had) (JHEP 07 (2023) 229) [-36.00,36.00] =
RN R (060,050
—_— WV&ZV+jj (CMS-SMP-22-011) [-2.140,2.130] = f / A 4 —_— Wy (PRD 108 (2023) 032017) [-0.670,0.730] 3.1
4 —— 1y—=WW(eu) (CMS-SMP-24-019) [-3.560, 3.620] ® T 7 P | Wy, Zyy (JHEP 10 (2021) 174) [-1.160, 1.160] o
N ) — WVAZV+j (CMS-SMP-22-011) [-1.340, 1.290] ®
f / A_ — Wy+jj (PRD 108 (2023) 032017) [-8.900, 3.900] 27 ] 20+ (PRD (2021) 072001) [-2.150, 2.430] 0
M 5 . WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-5.400, 5.800] E3
) —x10 Zy+jj (PRD (2021) 072001) [-22.20, 21.30] 17
F——————ix10 yy—VV(had) (JHEP 07 (2023) 229) [67.00,67.00] o f / « 4
L 8 2 o e o (0.470,0:470]
— WVEZV-+j (CMS-SMP-22-011) [2.630,2.580] = T, — WNAZVa (OMS-SMP-22011) (05670, 0.670]
4 —_— WW(ss)&WZ+jj (PLB 809 (2020) 135710) [-5.700, 6.000] =
f / /\ Wy+jj (PRD 108 (2023) 032017) [14.00,14.00] 22
M 7 —ix10 Yy—=WW(eu) (CMS-SMP-24-019) [25.76,26.22]
’ e 10 Zy+jj (PRD (2021) 072001) [-56.60, 55.90] 16 T 9 214 (PRD (2021) 072001) 10910, 0.910] 19
——————x100 yy—=VV(had) (JHEP 07 (2023) 229) [-490.9,490.9] = ’ WVAZV4] (CMS-SMP-22-011) [1470, 1450 o
s s s s s s s L

—40 -20 0 20 40 60 80-10 -5 0 5 10 15
aQGC Limits @95% C.L. [TeV*] aQGC Limits @95% C.L. [TeV*]

22

zongsheng.he@cern.ch Photon-induced processes with CMS



Summary

o The CMS Collaboration has used the yy — 77 events in heavy ion collisions to constrain the t
electromagnetic moments: a, = —35¥18x1073at 68% CL

o« The CMS Collaboration has first observed yy — 77 process in pp collisions with

over 3¢
a; = 0.9732x1073 at 68% CL
—0.0042 < a,< 0.0062 at 95% CL
—1.7%x107ecm<d,<1.7x10"7ecm

* First observation of yy—WW at CMS with over 7o
* Observed inclusive cross section is 658.81537 b
* First constraints on f-odd parameters
* Tight constraints on f,;,5[-0.53, 0.53], fi,3[-2.00, 1.96], f+4[-0.87, 0.63], f;5[-0.17, 0.14], f¢7[-
0.66,0.51] TeV~*
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Electromagnetic ultra-peripheral collisions(UPC) é

e provide a pure QED(electrodynamics) environment

e a(yy) « Z4, a(yy) « log3(V/S), much larger luminositics of pp collisions than PbPb
collisions

e quasi-real photon,g? = 0

* max(longitudinal) y energiest,, ~80GeV(PbPb),2.5TeV(pp)

* much larger BSM effect on larger m

ALeg [cm_zs—lGeV_l]

e process signature: T s ' ..
. . + T . PbPb, L = 6 x 10*" em™2s7!, \/5 = 5.52 TeV —— ]
-Opposite Slgn(OS) T 7T 1x10 pp, L =2 x 10 cm=2s71, /5 = 14 TeV —— 1
. . 1 x10%% | pp. RP 220 m - ]
-back-to-back in azimuthal plane: |A®| = & o op. RP 220 4+ 420 m —cre ]
-low activity around 1t vertex R L A
1x10% | R NN :
1x10% |
1 x 1027 3
1 x 10% e i - :
1 10 100 1000
vy [GeV]
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Signal Stmulation pp

* Only clastic events are generated using , _,

cammaUPC, data-driven method to "
include the dissociative component and !
SUPERCHIC for cross-check L

* a_& d, interpretation using the EFT
approach with the SMEFTsim package,
simplifying with C;;,=0 since the linear
combination of C;g and Cpy:

Re[C‘L’B] Im[CTB]

dd,

elastic semi-dissociative fully-dissociative

da, «

A2 ! T A2
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https://arxiv.org/abs/2207.03012
https://link.springer.com/article/10.1140/epjc/s10052-020-08455-0
https://www.arxiv.org/abs/1709.06492

Basic Selections pp

eu ety T Th T WM
pr (GeV) >15/24 > 2533 — —

|7 <25 2] 95 — _

i (GeV) >24/15 — 0129 — > 26-29/10
Via <24  — 2.0 — <24

pr" (GeV) - >30-35 >30-32 >40 —

|77 = ENG LU1=FT L] =—

My (GeV) — — — —  >50

OS yes yes yes yes  yes
d,(£,¢")] (cm) <01 <01 <01 <01 <01
AR(L, 1) >05  >05 > 0.5 >05 >05
mr(e/upr, P>) (GeV) — <75 <75 .

Photon-induced processes with CMS
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Acoplanarity Correction

A=1- IEI
[

The correction 1s derived as a function
of acoplanarity by fitting the data/MC
ratio.
It is kept constant above 0.35.
It modifies the Drell-Yan
normalizations in various pr ranges
(the corrections are different in
different pr ranges), but keeps the
overall Drell-Yan normalization
constant.

29

zongsheng.he@cern.ch Photon-induced processes with CMS EPS-HEP



Beam Spot Correction

o8BS
corr Data BS
2" = zpic + 228 (2 — zypc )
‘7Mc
corr __ BS BS
27 = Z+ Zpata — ZMC
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Pileup Track Multiplicity Correction

AU.

Obs. / Sim.

10

107"
102
107

10

cMS

windows far from the di-p vertex to discard the tracks from
the hard scattering interactions in [m,, — mz|<15GeV

2017, 415" (13 TeV)

1: 0<z<0.1cm

[my, —my| <15 GeV

{ Observed
—Z — pp (BS-corr.)
—Z — pp (uncorr.)

E_ 1
— e
"1.“‘-
1 10 U
N tracks

AU.

Obs. / Sim.

1072

CMS 2017, 41.5f7" (13 TeV)

T P
% |mmt _mz| <15 GeV
- —-3.5<z<-3.4cm { Observed

—Z — pp (BS-corr.)

—Z — up (uncorr.)

PU
Ntracks

A.U.

Obs. / Sim.

10F

102E
10°E

10

Photon-induced processes with CMS

CMS

13 —7<z<-6.9cm

2017, 41.5 o' (13 TeV)

E My, —my| < 15 GeV

{ Observed

10

—Z — pu (BS-corr.)
—Z — pu (uncorr.)

PU
N tracks

EPS-HEP
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Photon-induced Process Correction pp

e scan a; & d, values through matrix element
reweightging in two independent 1D grids of 100
points for C5:

Re[C,g] € [—40,40],Im[C,5] € [-40,40]

* result independent from of choice of A, C.z & C;y, scale

with A?, but we fix A=2TeV in event generation
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Backgrounds pp é

Z/v*
 MC simulation
-Drell-Yan(Z/y™ — [l):dominant at low mass
-exclusive yy — ee, uu, WW production
-inclusive WW production(small)

S|
=

* data-driven: misidentified hadronic jets
-] = Tp:eTy, UThH, TR T channels
-j = e/u:eu channels

hadronic

hadroni jet
ACTOMIC Th J€ quark/gluon jet

33

zongsheng.he@cern.ch Photon-induced processes with CMS EPS-HEP



Misidentified 1, Background

Charge sign

application region ' signal region
I

C

apply

OS
>

B S
determination region
I

|
measure

[p)
1
1
FAILS PASSES

Tight 7, ID requirement

* MFs measured in separate CRs

-WHets:m>75GeV
-QCD:SS, m<75GeV

.he@cern.ch

CMS 138 fb™' (13 TeV)
— 3 L L L L BRI LI B
-8 5S¢ —— Exponential fit Fit uncertainty
8 a5t .
c 4 =
s. Y z
© 355 High-m_CR, et,, h* + n%s)
s 3
3 25 E
L 2F B
= 155 ' . =
1:—...|...|...|...|...|...|...|.—:

0 2 4 6 8 10 12 14
Ntracks
CMS 138 fb™' (13 TeV)
5 1 N I B B B B
5 3 —— Exponential fit Fit uncertainty
S T i
c o5l L. -
S 25 -
- B + 0, ]
8 zi\ SS CR, er,, h™ + 1%(s) E
t =5 -
s 4 't ‘
o B ]
L 1.5 : ]
= l ! I P IR R B

0 2 4 6 10 12 14
Ntracks
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Jet-fake ey background pp

reweigh SS events with SF made of 3 multiplicative terms
OS/SS SF measured in events with anti-isolated p
correction for u inverted isolation

o Niucks COrretions

CMS Supplementary 2018, 60 fb™ (13 TeV)

|
n
w

55

SR =
E FAs  ©0 S o 9 > g
O ol N —220
S A A WS A¥® 2
= [ * % % % n
‘5_»—45:— _2'10,)
B 5 o
F O o > * © s
C Q Q n
VEP™ %Y P S
L ¥ 4 4 1.9
351
C 1.8
0 Py &
v 09 09 1.7
: X/ 7
25;_ 1.6
20— 1.5
L 1.4

R

0 45 50 55
p.(e) (GeV]

Anti-isolated the p to get the
OS-to-SS as fake factors
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CMS Supplementary 2018, 60 tb™ (13 TeV)
5 —2.

~

5
> S
AP O
q?g(? —229
P
Q
(&)
2 =
joy
o
183
9]
@
168
30 )
O

1.4

25
1.2

20

1

R

35 5 50

5 0 4 55
p,(e) (GeV)

20 25 30

Anti-isolated the e with isolated p and
anti-isolated p to correct the effect of the
shift of the p isolation
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CMS Supplementary

2018, 60 fb™' (13 TeV)

0.8

OS-to-SS weight correction

0.9}

IIII|IIII|IIII

~

—— Polynomial fit

Fit uncertainty

IIII|IllI|l|II|IIIIIIIII|IIIIIIIIIlIIIIlIIIIlIIII

0

10 20 30 40 50 60 70 80 90 100

Ntracks

Derive the Niqcks dependence of the
OS-to-SS
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Leading Systematics on the signal significance pp

CMS 138 fb™
~Fit [ |+1 o impact

Elastic rescaling (shape) ' —_—
NiS  corr. (DY, W)| —e—
corr. (stat.) [ut,] L SO

j— tMF,N :
tracks : :
Bkg stat. (Ntracks= 0, bin 3) [Thrh] -—.—u

Bkg. stat. (Ntracks= 0, bin 4) [ut,] -——o——-

j = tn MF, CR selection [ety, ut,] —_—

j = Tn MF, CR selection [t4T] —————

j = 1y MF, Ntracks corr. (syst.) [thTh]

j = 1 MF, QCD/W ratio [ety, ut,]

T ID (syst.)

Ty IDatlow N, .

j = T MF, Ntracks corr. (syst.) [ut,]

Trigger [eu]

pu—t, mis-ID atlow N

Bkg. stat. (Ntracks= 0, bin 3) [ut,]

Bkg. stat. (N =0, bin 4) [et})]
tracks

e—1y mis-ID at low N

tracks
j =t MF, N

Pileup reweighting (2018)

 acks COIT- (stat.) [thTn]
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| o |
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—
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L — ———
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e et
B——

Factorization scale (DY)
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~

L =0.757% shape uncertainty of the elastic rescaling: the difference
T . between the flat factor and the linear factor

-
-

—Flat fit —Linear fit

Obs. — Bkg.
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Niracks €xtrapolation of the jet— 7, MF estimate jet mis-ID
background(up to ~20%)

Real and fake t; identification (at low Ngpqcks)
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nTrk=0 pp

Events

Obs./Exp.

Events

o
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=
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~
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Sty Niracks = 0 138 fb" (13 Tev

~
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nTrk=1 pp

el; Nypos = 1 138 fb™' (13 TeV) et,, Niracks = 1 138 fb™ (13 TeV)
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