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Many EWK physics results from ATLAS and CMS

precision measurements of cross sections spanning 9 orders of magnitude

Overview of CMS cross section results

CMS preliminary

18 pb~! - 138 fb~! (7,8,13,13.6 TeV)

w 7 TeV JHEP 10 (2011) 132 «  o(W)=9.5e+07 fb 36 pb?!
w 8 Tev PRL 112 (2014) 191802 i o(W)=1.1e+08 fb 18 pb~?
w 13TeV  SMP-15-004 #  o(W)=18e+08fb 43 pb~!
z 7 Tev JHEP 10 (2011) 132 ®»  0(Z) =2.9e+07 fb 36 pb~?!
z 8 Tev PRL 112 (2014) 191802 i 0(2) =3.4e+07 fb 18 pb?!
z 13 TeV SMP-15-011 i 0(Z2)=5.6e+07 fb 2 fb?!
Wy 7 Tev PRD 89 (2014) 092005 - o(Wy) = 3.4e+05 fb 5 fb!
Wy 13 Tev PRL 126 252002 (2021) - Oo(Wy) = 1.4e+05 fb 137 fb~1
Zy 7 Tev PRD 89 (2014) 092005 =  0(Zy) = 1.6e+05 fb 5 fb~!
Zy 8 Tev JHEP 04 (2015) 164 = 0(Zy) = 1.9e+05 fb 20 fb1!
ww 7 Tev EPJC 73 (2013) 2610 O o(WW) = 5.2e+04 fb 5 fb~1
ww 8 TeV EPJC 76 (2016) 401 W o(WW) = 6e+04 fb 19 fb1!
ww 13 Tev PRD 102 092001 (2020) W o(WW) = 12e+05 fb 36 fb!
wz 7 Tev EPJC 77 (2017) 236 ' o(WZ) = 2e+04 fb 5 fb~!
wz 8 TeV EPJC 77 (2017) 236 W o(WZ) = 2.4e+04 fb 20 b1
wz 13TeV  Submitted to JHEP ¥ 0(WZ) =5.1e+04 fb 137 fb?
zz 7 Tev JHEP 01 (2013) 063 [ 0(22) = 6.2e+03 fb 5 fb~1
7z 8 TeV PLB 740 (2015) 250 & 0(zz)=77e+03fb 20 fb~?
2z 13TeV  EPJC 81 (2021) 200 W 0(22) = 1.7e+04 b 137 fb~?
VW 13TeV  PRL 125 151802 (2020) 1 a(VWV) = 1e+03 fb 137 fb~!
WwWwW 13 TeV PRL 125 151802 (2020) ' o(WWW) = 5.9e+02 fb 137 fb~!
wwz 13 TeV PRL 125 151802 (2020) ! o(WWZ) = 3e+02 fb 137 fb~!
£ wzz 13 TeV PRL 125 151802 (2020) 1 0(WZZ) = 2e+02 fb 137 fb~?!
2 777 13 TeV PRL 125 151802 (2020) ' 0(Z22) < 2e+02 fb 137 fb~!
@ Wvy 8 TeV PRD 90 032008 (2014) — o(WVy) < 3.1e+02 fb 19 fb~1
: Wyy 8 TeV JHEP 10 (2017) 072 - o(Wyy) = 4.9 fb 19 fb~!
Wyy 13 TeV JHEP 10 (2021) 174 i o(Wyy) = 14 b 19 fb?!
Zyy 8 Tev JHEP 10 (2017) 072 = o(Zyy)=13fb 19 fb~1!
Zyy 13 TeVv JHEP 10 (2021) 174 = o(Zyy) =5.4fb 19 fb?!
VBF W 8 TeV JHEP 11 (2016) 147 ml=  o(VBF W) = 4.2e+02 fb 19 bt
VBF W 13 Tev EPJC 80 (2020) 43 B=  O(VBF W) =62e+03fb 36 fb~1
VBF Z 7 Tev JHEP 10 (2013) 101 . o(VBF Z) = 1.5e+02 fb 5 fb~1
VBF Z 8 Tev EPJC 75 (2015) 66 il o(VBFZ)=17e+02fb 20 fb~?!
VBF Z 13 TeV EPJC 78 (2018) 589 §®  o(VBF Z) = 5.3e+02 fb 36 fb !
EWWV  13TeV  Submitted to PLB mll=  Oo(EWWV) = 1.9e+03 fb 138 fb?
ex. yy-»WW8 TeV JHEP 08 (2016) 119 = olex.yy-owWw) =22 fb 20 fb~?!
EW qqWy 8 Tev JHEP 06 (2017) 106 w0 o(EW qgWy) = 11fb 20 fb~?
EWqgWy 13TeV ~ SMP-21-011 Blm==  O(EW qqWy) = 19 fb 138 fb~!
EWosWW 13TeV  Submitted to PLB = o(EWos WW) =10 fb 138 fb~?
EW ss WW 8 TeV PRL 114 051801 (2015) === o(EW ss WW) = 4 fb 19 fb~?
EWss WW 137TeV  PRL 120 081801 (2018) mtlll  O(EW ss WW) = 4 fb 137 fb~?
EWqaZy 8 Tev PLB 770 (2017) 380 = o(EWqqzy) =1.9fb 20 fb~?!
EWqqZy 13TeV ~ PRD 104 072001 (2021) mli  0(EWqqzZy) =52fb 137 fb~!
EW qqWZ 13 TeV PLB 809 (2020) 135710 o(EW qqWZ) = 1.8 fb 137 fb~1
EWqqZZ 13TeV  PLB 812 (2020) 135992 =  o(Ewqqzz) = 0.33fb 137 fb!
1 1 1 1 1
1.0e-01 1.0e+01 1.0e+03 1.0e+05 1.0e+07 1.0e+09

Measured cross sections and exclusion limits at 95% C.L.

See here for all cross section summary plots

Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty o [fb]

Light colored bars: 7 TeV, Medium: 8 TeV, Dark: 13 TeV, Darkest: 13.6 TeV, Black bars: theory prediction

September 2022

CMS Summary plots

Run 3 of the LHC is ongoing, will have doubled Run 2 luminosity mid-2024 ATLAS Summary plots

New EWK results from ATLAS and CMS are difficult analyses
with full Run 2 dataset
| will present four of the most recent results today
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/index.html#ATLAS_c_SMSummary_TotalXsect_rotated

CMS

WY+2 jets SMP-21-011

2212.12592

« Vector boson scattering (VBS) processes crucial to | gyent selection:
understanding EWK symmetry breaking

QCD induced
EWK-induced VBS signal background

exactly 1e/u
pL > 35 GeV

pr>25GeVv
pss > 30 GeV

mYW > 30 GeV

mY = \/zp; PRSI = cos(Adhy pis)]

N > 2

jets
| ﬂjetl <47
p;et > 50 GeV

AR(any) > 0.5

. Select events with leptonic W decay (e/u + p;niss), o
photon, and two jets |y, — mz] > 10GeV
« Suppress QCD-induced and contribution by TZ;fgosteV
- Jets required to have large separation in pseudorapidity and My, > 100 GeV
high di-jet mass |yw, = 1 +¥2)/2] < 12

| bw, = &yl > 2

- WY system be balanced by the jet system in azimuthal angel
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-011/index.html

WY+2 jets

Photon in barrel EE MRS

Main background from

' Photon in endcap AL

] C 3
. . L o _51000_ —e— Data || Ew wY in fiducial ] ‘S 3500 W Wy in fiducial
m|S'|dent|f|ed phOtOﬂS & r I Ew Wy out fiducial [l Top, VV, zy @ - I Ew Wy out fiducial [l Top, VV, Zy i
E | Barrel photons QCD Wy [ MisID photon ‘OE; 300 —Endcap photons QCD Wy I MisiD photon
an d / or | e pto NS o 8o I Double MisiD MisID lepton D psoF- I Double MisiD MisiD lepton ]
. B 777 stat @ syst E 777 stat @ syst ]
e St I m a ted fro m d a ta 600 [—m, €[30, 80) GeV m,, €[80, 130) GeV m,, €[130, =) GeV — 200 :_m., £[30, 80) GeV m,, €[80, 130) GeV m,, €[130, =) GeV _:
1 400 :— ,,,,,, 150 f_ 4

- Separated into barrel - e :

r v 100—
and endcap to > g

50

account for
differences in photon
performance

Data/exp.
OO0 ==
aNoOo.LLw,m

Dominant systematic
uncertainty from non- m; [TeV] m; [TeV]
prompt photon/lepton 138 fb™' (13 TeV) CMS | 138fb"1(13TeV_)

s‘ T

. —— Obs. result (stat® syst.) O o5 — ———— Obs. result (stat® syst. —

data-driven T 57 T
— s. result (syst.) :: 04 } I Obs. result (syst.) {
baCkg rou nd —— EW(LO) Wy MG5 E ‘<§1‘ r ——+— EW(LO) + QCD(NLO) Wy MG5 |
estimation EWK S TEa— ;
Measure EWK-only and L — : I E\VK+QCD
EWK+QCD fiducial and e | P | | ——
differential cross | | em——
sections and observe 8-z - A | 8 o3 |
) [0.50.7] [0.7,1.0] [1.0,1.5] [1.5] [0.5,0.7] [0.7,1.0] [1.0,1.5] [1.5,¢]

good agreement with m, [TeV] m, [TeV]
SM Fiducial cross sections:

ofid = 23.5+ 2.8 (stat) T} (theo) 37 (syst) fb = 23.5142 fb.

Thwsocp = 113 +2.0 (stat)T53 (theo) ™13 (syst) fb = 113 + 13 fb.

SMP-21-011
2212.12592

CMS

Event Selection:

exactly 1e/u

£
Pr >

35 GeV

pr>25GeVv

miss

Pr

> 30 GeV

m7W > 30 GeV
\/ 207 PF(1 = cos(Adhy )]

N > 2

jets

| r]jet |

< 4.7

pJet > 50 GeV

AR(any) > 0.5

if electron:

|mf}/_

m,| > 10GeV

500 GeV

| Ang;;| > 2.5
my,, > 100 GeV

IyWy_

|¢Wy_

jn +y)/2] < 1.2
¢jj| > 2
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-011/index.html

CMS

WY+2 jets SMP-21-011

2212.12592

- VBS very powerful to study anomalous
quartic gauge couplings (aQGC)

- Add additional selection to enhance VBS process

Event Selection:

exactly 1e/u

. . . . pg > 35 GeV
even further — increase di-jet mass requirement bl > 25 Gev
and require more separation of jets | - p;mss -~ 30.Gev

- aQGC signal would enhance production at high m(WY) W S 30 Gev
T

mY = \/2,9; PRSI = cos(Adhy pis)]

. Sets most stringent limits onfM,2_4/A4 andfT,6_7/A4

N}ets > 2
CMS 138 fb™' (13 TeV) . CMS 138 b ' (13 TeV) | M| < 4.7
c a4 — — )
o] —— EW W [ Jet
_31045_ Data . Y > Obs. 2ANLL pT > 50 GeV
2t B Top, W, 2y QCD Wy §12 -
§ - Muon events MisiD photon [ Double MisiD i AR(any) > 0.5
s sl MisID lepton 7 Stat @ syst 10 ObS 95% CL |nterva|
107 —_F, JA*=8TeV* i if electron:
8 | my, —myz| > 10GeV
5F
- i m;; > 500 GeV
' 7 R VR SRR | Angi| > 2.5
0 ' N o My, > 100 GeV
- |yw, — 1 +y2)/2| < 1.2
I | i 1 1 L l 1 L ‘ | 1 l 1 1 I L 1 1 l 1 1 1 — .. > 2
[0.15,0.4] [0.4,0.6] [0.6,0.8] [0.8,1.0] [1.0,1.5] 0 -4 -2 0 2 4 . |¢W7 ¢JJ|
my, [TeV] Fuo/A* [TeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-011/index.html

LYY

 Study triboson process that is only accessible with Run
2 luminosity = test EWK SM and constrain anomalous
couplings

« Precision ZYY measurement also important because it

is an irreducible background in Z( — £€)H( — yy)
production, as well as to searches for resonances in

£ Cyy final state

« FSR diagrams are suppressed in event selection to
make a cleaner interpretation

ATLAS
STDM-2021-09
221114171

FSR photon -, . Sensitive to SM Signal
q 2y ¢ BSM  zr s
{~ q
~ Z/’Y* Z/fy* 4 o+

Q
=2
Q|
2
L]
2
|

Event Selection:

>1 SFOS e/ pair
one trigger-matched |

leading lepton:

pL > 30 GeV
pass Tight ID

my, > 40 GeV
Select two highest pr
photons that pass

Tight ID and Loose
isolation

AR(y;,7,) 2 0.4

Mg+ min(Mgp, , Myp, ) > 2my
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2021-09/

« To suppress FSR,
My, + mff}, > 2mZ

- Small background,
main contribution
from jets faking
photons

« Measure fake rate
in data

LYY

m, [GeV]

140 3 2
- ATLAS Simulation o
130 2
= pp — lyy+X o 5
1201 '
1108
0F {2
100F-
905 1.5
80;— ISR dominated
70F 1

60
50

FSR dominated
400 80 90 100 110 120 130 140

50 160 170
min(mlm, m, ,) [GeV]

- No vertex requirement placed on photon — background
from overlapping pp collisions producing IIYY system

. Lack sufficient statistics to study in data — study by combining
(@ particle level) simulated ZY+Y and Z+YY events

« Kinematic distributions of combined events corrected to detector level
using reweighting factors from signal simulation

ATLAS
STDM-2021-09
221114171

Event Selection:

>1 SFOS e/ pair
one trigger-matched |

leading lepton:

pL > 30 GeV
pass Tight ID

my, > 40 GeV
Select two highest pr
photons that pass

Tight ID and Loose
isolation

AR(y;,7,) 2 0.4

Mg+ min(Mgp, , Myp, ) > 2my



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2021-09/

- Observe good agreement with SM cross section with 12% precision

Events/GeV

Data/Pred

LYY

Main systematic uncertainty from data-driven estimation of jets
identified as photons

a2\ 7YY = 2,45 1+ 0.20(stat) + 0.22(syst) + 0.04(lumi) fb

a2\ 7Y = 2,65 + 0.31(stat) + 0.24(syst) + 0.05(lumi) fb

O'é(_’””)”’ =2.29 + 0.25(stat) + 0.21(syst) + 0.04(lumi) fb

ATLAS
STDM-2021-09
221114171

T [ I L L — > L L L L | ]
- — ) -
- ATLAS - (\D ATLAS _:
= Z(—ee)yy 139 o = £ Z(—uu)yy 139 fb =
= —e— Data 3 Nt —e— Data =
[ ]2y (SherpaNLO) ] [ ]y (Sherpa NLO) =
B z:j+zjr+2i = B z:j+zjr+2i E
|:| Other backgrounds = |:| Other backgrounds _;
7//// Total uncertainty E 7//// Total uncertainty _f
x = . =
S SR SO = © e S SRS U S =
- E o g
S PP e _; o 1 5 e =
2 FHHFFEELLS, ~////v/~/v/-/-/-/-/-/-/-/-/~///-,‘v‘f7‘%7‘7’-%/~/'/-/-/'/-/-/-/~/-/-/v/'/v/-/-/f-/-/-/-/7‘7‘%/-//-/-/-//-/-2 = B a4 4 FELLLSZS S S A1 11-1-11E1 184444 F A A1 11111 /-/~/~/v/-/-/-/'/'/-/-/-//7‘7‘7‘7‘7‘7’-r’-r‘/~/~/~/-/‘-§
2 » t ¢ : E 1:‘t ¥ ] v
. l . . ‘ L] o E , . . . . L
200 400 600 800 1000 1200 1400 0.5 200 400 600 800 1000 1200 1400
m,, [GeV] m,. [GeV]

Event Selection:

>1 SFOS e/ pair
one trigger-matched |

leading lepton:

pL > 30 GeV
pass Tight ID

my, > 40 GeV
Select two highest pr
photons that pass

Tight ID and Loose
isolation

AR(y;,7,) 2 0.4

Mg+ min(Mgp, , Myp, ) > 2my



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2021-09/

do

ATLAS
ZW STDM-2021-09
221114171
« Measure differential cross sections sensitive to
Important modeling parameters

Event Selection:

« Set aQGC limits 100x more stringent than the /
. . >1 SFOS e air
previous analysis one trigger-matched|

leading lepton:

[fb GeV']

pL > 30 GeV
0.08 [T . ATLAS Expected limits pass Tight ID
= ATLAS ] Vs =13 TeV, 139 fb” —— Observed limits
0‘05 g Vg - 13 Tev, 139 fb_1 __ 4 I T T T T | T T T T | T T T T I T T T T ! T T T T I T T T T l T T T T I T T T T I
_] -9.87,9.33
) _ 2t ] fro/A i i 1| my, > 40 GeV
5_8.'_ 0.04 = e Data = JA? : [-9.88,9.34]
g <= Sherpa NLO 1 as | 2051.1868] Select two highest pr
0.03 == MadGraphNLO ~ —| 2 | o photons that pass
= E ; t4s4454 | Tight ID and Loose
- . | 7oaseq | isOlation
- = ; [-15.55,15.04]
- - | AR(y1,17) 204
— [-1.64,1.61]
3 |
< |
% | | ! i l ! l | Fa.36,5.20] Mpp + Min(Myzy,, Mppy,) > 2mz
q) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
E ~ME X - - - S T - _15 _10 _5 0 5 10 15 20
0 50 100 150 200 250 300 350 40 )
P [GeV] 95% confidence intervals [TeV™|

pr"ﬂW sensitive to

QCD modeling



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2021-09/

ATLAS

W<+Z Polarization STDM-2022-01

2211.09435

- Many measurements of individual W and Z polarization
from LEP, Tevatron, LHC, but this is the first Event Selection:
measurement of joint WZ polarization

>3 e/u passing
medium ID, isolated

 Polarization of in diboson production results from EWK

symmetry breaking — probes triple gauge coupling and allows at 'iaszt;(;v;t)h(; y
us to study structure of gauge symmetry and how it is broken i A

> matched to trigger

- Measure diagonal elements
of joint spin-density matrix
— probabilities of correlated
helicity states of WZ

» Measure fraction of events with
different joint polarizations
foo — longitudinal-longitudinal
for — longitudinal-transverse
fro — transverse-longitudinal |
frr — transverse-transverse \

If >4 prompt e/y,
reject events with 4th
: lepton satisfying:
/ pr > 5 GeV, looser
isolation

>1 SFOS e/u pair w/in
q 10 GeV of mz
Assign remaining
lepton to W, and
require m}” > 30 GeV

Lepton must also pass
tight ID

helicity 00: | cosfy,| — O
helicity TT: | cosfy,| — 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-01/

W=Z Polarization

- To measure polarization, train Deep Neural Network (DNN) on
lepton transverse momenta and angular variables

. DNN: " TO/OT 00

0] 0.5

1
. Separate TO/OT by further defining 4 categories based on |COSH;‘<Z| and

*
| cosé . |

« NLO QCD corrections
have a substantial
impact on polarization,
but polarized signal MC
generated at LO —
10-50% difference

- Use template fit to inclusive
WZ generated at NLO, and
use four DNNs to reweight
to joint polarization states
1907.08209

Events /0.2

Data / Pred.

3500

3000

2500

2000

1500

1000

500

—t
N o

—
-
w_llllllllll

o
©

ATLAS
STDM-2022-01
2211.09435

IIIILIII|||III||III|I|II|||I||l|

|

I

T

T

ATLAS
W*Z SR Post-Fit

T

{s =13 TeV, 139 fb™

T

T

e Data
W Z,
Others
BmZzz

T

WWZint

T

, Tot. unc.

T

T

W,

el

ZT
WoZ; [IWoZo
Misid. leptons tt+V

IIII|IIII|IIII|IIII|IIII|III

T I I T
cos 8 w| < 0.5
cos 8,2| < 0.5

vy

|

1

' |cos O,w| > 0.5
1 lcos 87| < 0.5

AhpppA t—.'.*-.'-j.-é-*./.-v.-.-..-*..-,-_é-*--'#-.,...* ----- i--#‘.ﬂ...f-,-+--.-.-.

t!
llll’llll

t

' |cos Byw| < 0.5
lcos 687|>0.5

L

T

1 T T 1 1
' |cos G,w| > 0.5
! |cos 62| > 0.5+

‘1|||m.|:1

&Illllll’

2

3
4-category DNN score

Event Selection:

>3 e/u passing
medium ID, isolated

at least 1 with

pr > 25(27) GeV in
2015 (2016-2018) and
matched to trigger

If 24 prompt e/u,
reject events with 4th
lepton satisfying:

pr > 5 GeV, looser
isolation

>1 SFOS e/u pair w/in
10 GeV of mz

Assign remaining
lepton to W, and
require m}v > 30 GeV

Lepton must also pass
tight ID
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-01/
https://arxiv.org/pdf/1907.08209.pdf

ATLAS

W=*Z Polarization STDM-2022.01

2211.09435
- Measure WZ joint helicity fractions with
observed (expected) significance of: Data Powne+Pytiia  NLO QCD ,
- Event Selection:
foo 71 0(6.2 0) W=z
fOT 340 (5 4 0) foo 0.067 = 0.010 0.0590 + 0.0009 0.058 + 0.002 >3 e/y passing
) ' for 0.110 + 0.029 0.1515 + 0.0017 0.159 + 0.003 e T el
fro 71 0 (6.6 0) fro 0.179 + 0.023 0.1465 + 0.0017 0.149 + 0.003 /
frtr 11 0 (9.7 0) frr 0.644 + 0.032 0.6431 + 0.0021 0.628 + 0.004 e o
. . . . e DNN re- Fixed-ord .
Main uncertainties are statistical and weighted MG computation | PT >(25(27> Ge\)/ n
. . 2015 (2016-2018) an
from higher-order QCD corrections from 201007149 |~ 1o trigger

Measure individual W/Z polarizations P mramt &,

and compare product to joint- cozsf T ATLAS reject events with 4th
polarization — 0012: e : (5= 13 TeV, 139 " ‘IDep'fr;sca;Z\s/fxl/;rzlzer
W 7N G @ " 5 A NLOQCD T )
Joo/ (fo' Jo) = 1.54 £ 0.35 S o romm solation
oF 4  wmem 2 o contour
PY Also measure }903_{}I{}__,,,,,_ W-Z evens 21 SFOS e/u pa|r W/|n
.. . " o2sf ¥ o 3 10 GeV of mz
- Helicity fractions for W+*Z and W-Z osf Q @ Assign remaining
separately 015k W) v i Yo lepton to W, and
F T T ] : W
: . . . N3 £ E require m,;. > 30 GeV
¢ |nC|USIVe fIdUCIaI CrOSS SeCtlon 01::::':::':::':::':::':::::::'::::'::::'::::'::::':::. ................ q r
Forsb g ; LML Lepton must also pass
- Differential cross sections w.r.t ook tight ID
polarization variables os @ JE IR i Q ;
« All results are in agreement with NLO .t R B
MC predictions 0002 0.04 006 0.05 0.1 0,05 0.4 015 03 025 01 015 02 025 03

foo for fro
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-01/
https://arxiv.org/abs/2010.07149

¥Y = VvV

« PPS detects in-tact protons 200m from the CMS IP
- Bent by LHC magnet between PPS and IP = measure proton momentum

- Use to measure pp scattering, where p emits Y and loses a small fraction
of its momentum

CMS

central detector Romap Pots

LHC sector 56 & & ASe.e

<= | HC sector 45 219m
- Measure exclusive VV production: tag hadronically decaying bosons in
CMS, and scatted protons in PPS — SM cross sections: 50 fb (WW) 0.5 fb
(Z2)

CMS
SMP-21-014
221116320

Event Selection:

Jet Selection
At least two jets with:

pr > 200 GeV
60 < mpryned < 107

DT £ .75

m(jj) > 1126 GeV

| An;| < 1.3

|1 = (¢ — ¢;p)/m) < 0.01
pr()Ipr(j) < 1.3

Proton selection

Two protons with:

5 — (pnorm - p)/pnorm
E>0.05

year-dependent upper

limit, 0.12 < & < 0.20

Matching
m(pp) = \/E §p1§p2
1 épl
= ——In( =
y(pp) > n( épz>
|1 —m(VV)/m(pp)| < 1.0
|ly(pp) —y(VV)| < 0.5



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-014/

Events / 2.8 GeV

YY — VV: Event Selection

Forward protons reconstructed using “multi-RP” algorithm — combine tracks
reconstructed in both Roman Pots in each arm

- Reconstruct scattering angle, and fractional momentum loss using (known) beam
momentum and scattered proton momentum

Merged jets from V decays selected using N-subjettiness after pruning,
where m(jj) > 1126 GeV

« Further discriminate between WW and ZZ events using sum of jet masses

« Match forward protons to jets by comparing mass and rapidity of VV system

to pp system — define two SR: if 1 (o) or 2 (8) protons are correctly matched

. 12CMS Simulation (13 TeV)
B n Wine So e
01— 1 PYYP—~PWWp, a /A® = 1x 10” GeV
- rI PYYP—PWWp, a/A? =2 x 10° GeV™
0.08— i ,.L ZjA2 -5 -2
B -l pyypP—pZZp, aolA =5x107 GeV
0.06 :— | | PYYP—PZZp, aé/A2 =5x10° GeV?
- 1 1
0.04|— I TR
W I 1 Z
: 1
0.02f— Sy ;
- i |._
O—IIII‘-;-lll]l-_-_l-.':__"II'I'Illllllllllll
100 150 200 250 300 350 400
m(j1) + m(j2) [GeV]
166.6 GeV
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y(pp)-y(WW)

0.8

0.6

0.4

0.2

CMS-TOTEM Slmulatlon

l II—I
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Event Selection:

Jet Selection
At least two jets with:

pr > 200 GeV
60 < mpryned < 107

tPPT < 0.75

m(jj) > 1126 GeV

11— (¢ — $p)/7) < 0.01
pr(jD/pr(jp) < 1.3

Proton selection

Two protons with:

5 — (pnorm _p)/pnorm
E>0.05

year-dependent upper

limit, 0.12 < & < 0.20

Matching
m(pp) = /s, /& \/ plépz
y(pp) === ln( : )

|1 —m(VV)/m(pp)| < 1.0
ly(pp) —y(VV)| < 0.5
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CMS

YY — VV: Results
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Summary

- Many exciting multiboson results from ATLAS and CMS

- Probe EWK physics, but also measure and validate important phenomena
that are important to many other physics analyses

- WY + 2 jets targets vector boson scattering processes and sets
most stringent limits on some aQGC operators

« ZYY studies rare triboson process and measures its differential
cross section for the first time

- WZ joint polarization measured for the first time

- YY—VV probes the SM without hard scattering and uses the full
potential of CMS detector

- Many many more results from ATLAS and CMS in Run 2 (and some

first Run 3 results as weII!i
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