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Introduction

« Many CMS analyses have targeted Multiboson final states during the Run2 data-taking
(2016-2018)

- Motivation:

 Measurements of Multiboson final states provide excellent tests of the electroweak
sector

* Any deviation of the Multiboson production cross sections or kinematic distributions
from the SM predictions may be an indication of anomalous couplings or the existence

of new particles = Need precise measurements as well as reliable and accurate
theoretical predictions for these processes

« Multiboson final states represent a significant background to the measurements of the
Higgs boson

e Latest published Multiboson results in the last ~couple of years by CMS:

WW (CMS-SMP-18-004) VBS Wg (CMS-SMP-21-011)

WZ (CMS-SMP-20-014) VBS WW OS (CMS-SMP-21-001)

Diboson xsecs at /s = 5 TeV (CMS-SMP-20-012) EW ZY +2jets (CMS-SMP-20-016)

WY differential (CMS-SMP-20-005) WW VBS SS dilepton (CMS-SMP-20-006)

WW DPS (CMS-SMP-21-013) ZZ \IBS 41+2j (CMS-SMP-20-001)

pWWp pZZp with PPS (CMS-SMP-21-014) WV VBS semileptonic (CMS-SMP-20-013)
Covered in this talk Not covered: dedicated talk on Friday


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092001
https://cds.cern.ch/record/2758362?ln=en
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.191801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003
https://cds.cern.ch/record/2803704?ln=en
https://cds.cern.ch/record/2803716?ln=en

WW: strategy

* The Signal Region definition relies mainly on a set of discrete

requirements on kinematic variables and on a multivariate

analysis tool to suppress Drell-Yan background in same-flavour

Target signature: two opposite charged
isolated leptons, and large transverse
missing energy (MET) from the neutrinos

channel
q w+ g Wt
Signal Region definition:
95% -
Quantity Sequential Cut B
Different-flavor Same-flavor a o w- o« - W-
Number of leptons Strictly 2
Lepton charges Opposite 1
¢ max <
pr >20 e 5% .
Myy >20 >40 \
Additional leptons 0
\mypy — my| — >15 > ‘ for DY suppression ‘
ppz}e. >30 >30 /
pro | >20 >55 | suppress ttbar |
% pr;llss,pro], pr;uss,track proj <20 ~20
Number of jets <1 DYMVA: Developed for the CMS
Number of b-tagged jets 0 HWW analysis (arXiv:1806.05246)
DYMVA score — >0.9 —
%
TrkE,"™™ A@_. (leptons, TrkE,"™)> 10 /2 E," A¢_. (leptons,E.")> 1 /2

projected TrkE,"™ = , .
TrkE,." sinA¢ . A@_. (leptons, TrkE,"" )< /2
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projected E,"™ ={ !

E,"sinA¢_. A@_. (leptons,E,"")< /2


https://arxiv.org/abs/1806.05246

« The signal strength is extracted by fitting the predicted yields to the observed events (1-bin
distributions). Information from the control regions is included in the fit

e Fit: 4 Signal Regions, 4 Top Control Regions (2 flavour categories x 2 njets categories). Top normalization is measured

Inclusive cross-section: °
Theoretical prediction: opNNLO = 118.8 + 3.6 pb
Category Signal strength  Cross section [pb]
O-jet DF 1.054 £+ 0.083 1252+ 99
O-jet SF 1.01 +£0.16 120 +£19
1-jet DF 0.93 £0.12 110 +£15
1-jet SF 0.76 £0.20 89 +£24
O-jet & 1-jet DF 1.027 +0.071 1220+ 8.4
O-jet & 19et SF 0.89 +=0.16 106 +£19
O-jet & 19et DF & SF  0.990 == 0.057 1176 = 6.8

Owot = 117.6 £ 1.4 (stat) £ 5.5 (syst) £ 1.9 (theo) = 3.2 (lumi) pb
=117.6 £6.8 pb

Fiducial cross-section:

Fiducial region definition at gen level: two dressed electrons or muons in the event
with p; > 20 GeV and |n|< 2.5, m,, > 20 GeV, p,, > 30 GeV and MET > 20 GeV

Theoretical prediction: ofigNN-C = 1.531 + 0.043 pb

Origtet = 1.529 + 0.0020 (stat) + 0.069 (syst)
+ 0.028 (theo) + 0.041 (lumi) pb = 1.529 + 0.087 pb

Differential cross-sections:

POWHEG

1/6 do/dA6_ [1/bin]

POWHEG

1/c do/dm, [1/bin]
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https://arxiv.org/abs/1408.5243
https://arxiv.org/abs/1408.5243

WZ: strategy

< NNNNNNN <
q w q Target signature: three isolated leptons
] with an OSSF pair, and MET
A
g z q CMS 137 o' (13 TeV)
> ENNNNANN > - ! _ ! ! ]
_'(27000:_ SR Post Fit
CIC) - -¢-Data [ Jwz
« Produced only via qg annihilation = sensitive to charge trhesedd =t‘f;z EIK Ef;:zz
asymmetry measurements 50000 oy Elxy

4000 - XY Nonprompt £ Total SM unc.

Baseline selection:

. 3000;— .
- 3 isolated leptons -
- The 2 OSSF leptons with closest mee to mz 2000
are tagged as "Z leptons” (Z1, Z2) 1000F *
= @

- Remaining lepton is "W Lepton”

-p1.z1 > 25 GeV, prz2 > 10 GeV, ptw > 25 GeV : 1.91_ . '
-mle > 4 GeV 8  oF [L1] Total SM unc. E
Q L e
C\U 1.0: ——— ® ®
« On top of the baseline selection, a SR and CRs are § 08 o o —

defined to estimate the main backgrounds: Lepton flavour composition

Region Ny  prilz1, 0z, bw,ls}  Nossk |[M(lz1,0z2) —mz|  pT°  Npg min(M(')) M(lz1,lz2, tw)
SR =3 >{25,10,25,—} GeV >1 <15 GeV >30GeV = >4 GeV >100 GeV
CR-ZZ =4 >{25,10,25,10} GeV >1 <15 GeV — = >4 GeV >100 GeV
CR-ttZ =3 >{25,10,25,—} GeV >1 <15GeV >30GeV >0 >4 GeV >100 GeV
CR-conv =3 >{2510,25—)GeV  >1 _ <30GeV = >4GeV <100 GeV
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ML fit: flavour distribution in SR + ZZ CR + b-tagged ttZ - tZqg CR + XY
CR. Background normalizations are measured

- Inclusive cross-section & charge asymmetry:

CMS 137 o' (13 TeV) CMS 137 b (13 TeV)
| | | | | | I | | | | | | | | | | |
I
I
eee | eee
| NCO QODALO EWK
X
I
ee ee ___ MATRIX+NNPDF31
M I sy POWHEG+NNPDF31 K NNLO QCDxNLO EWK
NLO QCD+LO EWK ___ MATRIX+PDFA4LHC15
I ___ MATRIX+NNPDF31 NNLO QCDXNLO EWK
uue | NNLO QCD+LO EWK upe
| s MATRIX+NNPDF31 MATRIX+CT14
I NNLO QCDxNLO EWK NNLO QCDxNLO EWK
I’LHI’I’ I O Best fit I’I’I'I’II’ O Best fit
I B Statistical uncertainty -
. . Statistical uncertainty
. Systematic uncertaint .
Combined B Systema Y Combined | |
I Luminosity uncertainty B Systematic uncertainty
l | I L | | I ! | | | | | I | | | J | | I | | I | | |
40 60 1 1.2 1.4; 1.6 1.8 2
o(pp — WZ) [pb] o(pp —» W'2) / o(pp — W 2)

Otot = 298.9 + 4.8 (stat) £ 7.7 (syst) £ 5.4 (lumi) = 2.7 (theo) fb

Theoretical prediction: OwpNNFOXNLOEW = 298 1 + 6.6 pb

- Fiducial cross-section:

Fiducial region definition: three dressed electrons or muons in the event with at least one
OSSF pair. prezi > 25 GeV, preize > 10 GeV, prew > 25 GeV, |n|< 2.5, 60 < mez1ez2 < 120 GeV,

Mez1.ez2.0w >100 GeV
Ofida = 50.6 * 0.8 (stat) = 1.4 (syst) = 1.1(lumi) = 0.5 (theo) pb

Theoretical prediction: ofigNNLFOXNLOEW = 50.7 + 1.1 pb 6

13710 (13 TeV

Differential cross-sections:

N—"

)/o

Tt
- pp > WZ
——&— Unfolded data (stat.unc.)

MATRIX prediction (stat+scale)
POWHEG, NNPDF3.0NLO: y2NDOF=2.5
aMC@NLO, NNPDF3.0NLO: x2/NDOF=2.8 -
Stat.+bgr. unc. I
Total unc.

Theo. unc. on POWHEG prediction
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Leading jet p_[GeV]

PP oWZ

Unfolded data (stat.unc.)
MATRIX prediction (stat+scale)

137 o7 (13 TeV)

POWHEG, NNPDF3.0NLO: x*NDOF=2.1
aMC@NLO, NNPDF3.0NLO: x>NDOF=3.2

Stat.+bgr. unc.
Total unc.

| Theo. unc. on POWHEG prediction

Ratio to POWHEG

¢
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pZ [GeV]




Target signature: one isolated lepton,
one isolated photon, and MET
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Event selection:

-pTe > 35 GeV /pTu > 30 GeV/pTY > 30 GeV
- AR(2,Y) > 0.7

- MET > 40 GeV

- Vetoed events with mey close to mZ

- Vetoed additional leptons & photons

 Two flavour categories: eY, puY

* Main backgrounds: W+jets (where a jets is misidentified as a
photon, i.e., non-prompt photon) and events with a prompt
photon but a nonprompt or misidentified lepton

* Estimated from data using sidebands of the SR based
on lepton and photon isolation requirements

< Events / GeV >

WY differential: strategy

138 fb ' (13 TeV)
LA LS

6000

4000

- WE(Fv)y

2000

—— Data ] W(vy

[ Nonprompt/misid. v [l Nonprompt/misid. |
Ity CZiv*ee) (e > 1) -
.z [ Single-t+y |
vy [ Stat.+Syst. Uncertainty |

o 0=
WAL
3 1
Eo'gi.l R R B R B
o 40 60 80 100 120 140
p. (GeV)
CMS 138 fb™' (13 TeV)
ANl L L
> W*(Fv)y —e— Data [ Wiivyy :
() 105 [ Nonprompt/misid. v il Nonprompt/misid. | _
O] i 12" (ee) (e - ) E
5 10 [ Ziv*(iy [ Single-t + v
s [ vwy [ ] Stat.+Syst. Uncertainty ]
S 10°
>
W 10? E
Vv

Data/Exp.

m_cl:_luster (GeV)



WY differential: results

CMS 138 fb" (13 TeV) CMS 138 fb™' (13 TeV)
S\ «I_L+IIIHI¢M Idl ] S\ o | olMlclilllll |
o 1L WiPvly ; Méass_ua:s/lo + PY8 (<1jNLO QCD + PS) 1 D 43l WHFvyy ; Mga5$_uz;:\a/|0 + PY8 (<1j NLO QCD + PS) -
Q GENEVA + PY8 (NNLO QCD + PS) g GENEVA + PY8 (NNLO QCD + PS)
— 1L a1 MATRIX (NNLO QCD) O o a1 MATRIX (NNLO QCD)
= 107" & MCFM (NNLO QCD) = 10 & MCFM (NNLO QCD)
= N + MCFM (NNLO QCD + NLO EW = A8 L gas + MCFM (NNLO QCD + NLO EW
ML fit: g 102 | oD 5 0] M e
© 3 A®us
Fit to the RECO observables 3 -
in each year for each - o
electron and muon channels T
(6 categories: 2 flavour
channels x 3 years) o e
s |
LS o = e T
A@ . Ai ....... J A+ ..... J....X .;..;r.....;.l, ......... e ]
?2 _04~ I i I I I e e I i = l ..... T ARUTSTRNY SR H
) 10 . 10° ) 1o|3
. . - . mgm cluster
Fiducial region definition: p; (GeV) mester (GeV)
CMS 138 b (13 TeV) CMS 138 b (13 TeV)
> L L B B B L L BN B BN B o LA L L B L L L AL BB AL BRI
One gen dressed lepton and e WE(Ev)y ¢ Measured | = 08wy ¢ Measured |
. J s MG5_aMC + PY8 (<1j NLO QCD + PS) = s MG5_aMC + PY8 (<1j NLO QCD + PS)
one pho’[on N the event o 04 GENEVA + PY8 (NNLOQCD +PS) | o GENEVA + PY8 (NNLO QCD + PS)
< &1 MATRIX (NNLO QCD) 4 & MATRIX (NNLO QCD)
- «* MCFM (NNLO QCD) = I «* MCFM (NNLO QCD)
p$$ > ::33% %e\\/} |PE¢‘|< 2255 g 0.3 + MCFM (NNLO QCD + NLO EW) % 0.6 + MCFM (NNLO QCD + NLO EW)
-pTY > eV, [nY]| < 2. 3 >
- MET > 40 GeV e e PR
- 2 it hyoe l A : 1
AR(E,Y) > 0-7 0 Abeos Agtﬂ} J{ ' Ag.o
Aeﬂo
tet LK R Leé, <18
0.2}
0.1
8 8 A@ue e
v v b b b v b b b v v b v by | | | | | | | en
DE O""I""I""I""I""I'"'I""I""I""I"" b§ O' T | T T | | YRR R X
/\\ 0.2 .................................................................................................................................................... >\ 0.2 R Hmn
8 O Fitt o dbas 850 dboscibi ibas vadas it Ti0b- dbei bbbt 1800 004 8 O b 180 480 dbae I8 by afas-tigei-adas Rt L5 LI S, S
=T o Yo J OO S () D bt
? 0'2....|....1....|.l..|....|....|....|....|....|...l ? 0.2 | l | | e Lol
L 25 -2-15 -1 05 0 05 1 15 2 25 & 1 15 2 25 3 35 4 45 5
n' AR(lyy)



Limits on Wilson coefficients

* Inthe electroweak sector of the SM, the first higher-dimensional
operators containing only massive boson fields are dimension-6

- EFT effects simulated with Madgraph5@NLO

CMS

a
ATLAS
2oz PRV Egp H Channel Limit | s
nne mits S
T WW 2.1e+01, 2.6e+01 203" B Tev — WWW
2 — v 7375 CWWW gy ey,
C./A 1 ww -2.1e+01, 1.8e+01 36.1 fb! 13 TeV WWw A2 W P
° *x ! - A ’ Ww 5.40:00. 8.50+00 R T3 TV c
-9.4e+00, 8. A fb e _tw + v
I ' ' | WV (v -1.9¢+01, 2.06+401 202 fb" 8 TeV Oy = 5 (DI®)'W,,(D"®),
I - | WV (IvJ -1.4e+01, 1.7e+01 191b’ 8 TeV A
N | o | WV (vJ -8.8e+00, 8.5e+00 359 iy’ 13 TeV. Cp et y
> F— - T —1.6e+01, 1.5e+01 467 7 TeV Op = —(DF q>) B W(D cp),
Corww /A } | -1.2e+01, 9.0e+00 5.0 fb! 7 TeV A2 i
%* . H \ -9.1e-01, 7.6e-01 138 fb! 13 TeV
Y deen 15ei0) S i
-4.0e+0U, 4.6e+ ¥ ’ e
. — . -3.4e+00, 3.3e+00 36.1 fb! 13 TeV
I | -1.2e+01, 1.2e+01 4.9 fb?! 7 TeV
P—oc— -5.7e+00, 5.9e+00 19.4 fp! 8 TeV
* . —] \ -1.8e+00, 1.8e+00 36.1 fb! 13 TeV
i ] -1.1e+01, 1.1e+01 461" 7 TeV
— -3.3e+00, 3.2e+00 33.6 fb’! 8,13 TeV
— -4.6e+00, 4.2e+00 19.6 fb! 8 TeV
—] -2.0e+00, 2.1e+00 35.9 fb! 13 TeV
s . b | -1.0e+00, 1.2e+00 137 fb! 13 TeV
T 530400, 530400 205 10" B Tov
-2.9e+00, 5.0e+ . ] e
. — -3.1e+00, 3.1e+00 20.2 fb! 8 TeV
I { -9.2e+00, 7.3e+00 5.0 fb! 7TeV
— -2.7e+00, 2.7e+00 19 fb! 8 TeV
: e : -1.6e+00, 1.6e+00 35.9 fb'! 13 TeV
-1.3e+01, 9.0e N )
' - ety 000 Bib W
—] -2.3e+00, 2.5 9 fbr e
. — -2.8e+00, 6.0e+00 139 fb! 13 TeV
. } *— i -8.7e+00, 1.1e+01 8.61fb" 1.96 TeV
I L | -1.4e+01, 4.1+00 0.7 fb! 0.20 TeV
2 F— — 9.4e+00, 1.3e+01 46 b7 7 TeV
Cy /A . | -5.06+00, 1.1e+01 20.3 f" 8 TeV
w . —_] . -6.4e+00, 5.1e+00 139.0 fb! 13 TeV
} - n | -2.3e+01, 2.3e+01 49 fb! 7 TeV
| | 1 ’1 .1e+01 N 5.4e+00 19.4 'b‘1 8 TeV
* . H | -3.6e+00, 2.8e+00 36.1 fb! 13 TeV
i i -1.4e+01, 2.2e+01 46" 7 TeV
—— -3.6e+00, 7.3e+00 33.6 fb! 8,13 TeV
P -4.2e+00, 8.0e+00 19.6 fb! 8 TeV
—] -4.1e+00, 1.1e+00 35.9 fb! 13 TeV
* ) s ) -2.5e+00, 3.0e-01 137 fb" 13 TeV
— T serss  tero ihy 4y
I 1 -b.4e+00, 1.7e . ]
f— -5.1e+00, 5.8e+00 20.2 fo! 8 TeV
-2.0e+00, 5.7e+00 19 fb’! 8 TeV
: -2.0e+00, 2.7e+00 35.9 fo! 13 TeV
N | -8.8e+00, 1.6e+01 35.9 foy'! 13 TeV
: } ; L d i -8.2e+00, 2.0e+01 8.6 fb’ 1.96 TeV
. ) | F— *— | ) i ! -1.3¢+01, 5.1e+Q0 . 071" | 0.20 TeV .

aC summary plots at: http://cern.ch/go/8ghC aTGC leltS @950/o CL [TeV'Q]



Diboson xsecs at Vs = 5 TeV: strategy

3000

* First measurements of diboson production cross
sections at this center-of-mass energy. Reduce the
gap between Tevatron and LHC measurements

- Data collected in Novembey 2017 under low
pile-up conditions (302 pb )

* Leptonic decays of the W/Z bosons with at least
two leptons in the final state

* Dedicated lepton identification selection criteria
based on a multivariate selection method,
designed to separate prompt leptons from fakes

Analysis Regions:

WW SR:
- Two OS leptons and
DF channel
- pT(RL) > 20 GeV
-AP(L,2) < 2.8
-mT(£, MET) > 20 GeV
- Vetoed jets

WZ SRs:
- Three leptons and Two SS
leptons channels
- Additional kinematic cuts

ZZ SRs:
- Two and four leptons
channels
- Additional kinematic cuts

10

Recorded Luminosity (pb !/1.00)

CMS 1 2018 (13 TeV):
1 2017 (13 TeV):
2016 (13 TeV):
1 2015 (13 TeV):
2012 (8 TeV):
2011 (7 TeV):

2500

2000 -

1500t

1000 -

500+

<u> = 37

<u> = 38
<u> = 27
<u>=14
<u> =21
<u> =10

ot?(13TeV) =80.0mb
at?(8TeV) =T73.0mb
o’ (TTeV)="T1.5mb

3000

12500

12000

11500

11000

1500

A0°
Mean number of interactions per crossing
<p>=2 Source Number of events
Top quark 90+ 01=x11
WZ+77 56 +1.0+£1.1
Drell-Yan 1.8+ 054+0.2
Conversions 27 +0.7+0.7
Nonprompt ¢/ 112+ 1.3 + 3.4
Background  30.3 £1.9 =39
WW signal 552 +£03=*=1.8
Data 101
SR Background Signal Data
Wz3¢ 40+06+04 148 £0.1+0.6 12
WZ2uss 06=x=01=+01 32+08=x02 4
77 4/ 05+02+01 254+£00+£0.1 3
Z7202v 48+03+07 3.8=+00+0.2 12




Diboson xsecs at Vs = 5 TeV: results

302 pb (5.02 TeV
I|IIII|IIII|IIII|II

~—

ML fit: one for each SR, with a single free-floating parameter that
corresponds to the normalization of the corresponding signal process

Postfit WW SR
¢ Data
I ww
I Top quark
[] Nonprompt
[ ] Others
222 Total pred. unc.

||I|||III||||||:O
1=
—:(D

Events/ 10 GeV

OCww — 37. O+5 S(Stat)

2 (syst) = 37.01%2 pb,
Owz — 6. 4+25(Stat)+8§
5
4

6
(syst) = 6.413 pb,
(

II|IIII|IIIIIIIII|IIII|IIII|IIII|—

15
+2 5 +0. +2 6 |
077 = 5.3757 (stat) 57 (syst) = 5.3757 pb, N @ KR
CMS | | | | | | | | | | ppm— S |
'cé -~ pp NNLO QCD x NLO EWK (MATRIX) 0 e
N - == pp NNLO QCD x NLO EWK (MATRIX) 'g:)' g:— T —
| o e 7
E 102 p;z NLO(MATRIX) | S L E
S ~= pp NLO (MAT¢F{I}$)~ — g i P S S—— ] ;
= S A= = G630 40 50 60 70 80 90 100 110
é Dilepton p_ (GeV)
E CMS 302 pb (5 02 TeV)
b 1 > : L L D I. T :
10" B 8 i Postfit WZ 3 SR i
L o 10~ ¢ Data —
— i Cwz i
WW measurements 2 g 5 fj(z)nprompt ]
WZ measurements CDF e I Others ]
100} ZZ measurements DO | H 6L % Total pred. unc. -
Z 150 o | | ; i ]
310} o ¢ & 4 -
x 05 L | ‘ | | ] ke [ ] :
o15F - ‘ 5 -
3 ]
1.0} 4 <« € 1 s
% 0.5 | | | T . I I
= 2r ] 8 3
GE) : Q o [ ] E
2 17 € o 3 :
8 L l ‘ ‘ . \ . ‘ . \ . ‘ ‘ N (DU 3
= 8 10 12 14

20 40 60 80 100
1V S (TeV) W transverse mass (GeV)



WW DPS: strategy

* First observation of WW production
from Double Parton Scattering (DPS)

Process

* Two hard parton-parton occur in a single

proton-proton collision

* Allow to know better the internal structure
of the colliding protons by performing
correlation studies among the partons DPS

Analysis Regions:

WW SS SR:
-Two SS leptons (ey, Pu), with
pTL > 25 (20) GeV
- MET > 15 GeV
- njets < 1
-mée > 20 GeV
- bVeto and th veto

WZ CR:
- Three leptons, where the mEL of the OSSF
lepton pair must be consistent with mZ

ZZ CR:
- Four leptons, where the me2 of both OSSF
pairs must be consistent with mZ

« Non-prompt lepton
background is estimated
from data using a sideband
of the SR to estimate the fake

rate

» To enhance the sensitivity, events in the SR are split into four lepton-flavor and charge categories

« Two BDTs are trained: signal vs W/Z, signal vs non-prompt. Kinematic and angular variables from leptons
and pTmiss are used as training variables

 PYTHIA8 and HERWIG MC generators are used to simulate the signal process. PYTHIAS8 is taken as nominal,
and the difference in acceptance is accounted as systematic uncertainty in the measurements
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WW DPS: results

ML fit: 2D map of the scores of the two BDTs from SRs, mgee from WZ CR, meeee from ZZ CRs. WZ and ZZ
normalizations are measured

CMS 138 fb™' (13 TeV
% 600— —+— Data [ JNonprompt []Charge misid. —
Q - E Wz I Wy~ =Evy ]
L 500 ZZ [ Rare I DPS W"W~ —
— &3 Total unc. ]
4001 —
300 HE =
= = Fiducial region definition: two
200~ = dressed electrons or muons in
. the event, with the same pT, n,
100 — mEL, pTLL requirements as the
- SR
0 —
_g? 235— —DPS W'W~ =3 Total background unc. E
2 2F =
£ 15F x
8 15 ¢ : + * . + ¢ + : +
0.5 ' ' ' ' '
0 10 20 30 40 50
Bin number

Ot = 0.16 £ 0.02 (stat) = 0.02 (syst) = 0.02 (model) pb
In agreement with predictions from Pythia and dShower

Observed significance of the signal above the background only hypothesis of 6.20
13



YY — VV with forward protons: strategy

CMS central detector PPS (+TOTEM)
Q
— o Pl
—|— TCL4 TCLS v v AT ’Of‘us
. ee— " = T - - - —J : | | | | |
e - ]
se(tomg ==

LHC sector 56

* Search for anomalous YY—=WW and YY—ZZ production, with reconstructed forward protons in PPS. Fully
hadronic final states of W and Z into "fat" jets due to the large boost

Proton-jet matching
CMS-TOTEM Simulation Preliminary

Event selection: s 0.8 al/A?=2 .10° GeV? nan 25
A % - (o) ny"
E = Py o 06 - - -
W and Z selection: " p, E
Jets selection: - Masses of the jets are _ E -
- Two 'fat” jets with pT > used to separate WW and m(pp)=s x|, x &, M.
200 GeV,. m > 1126 GeV  |ZZ final states: (pp)=—LxIn [ oh."
- An(j1,j2) < 1.3 cos(7t/4)><mj1+sin(7r/4)><mj2 Y\PP)= 9) éipz —02%_—
- Jets balanced in @ and pT | =117.8 GeV 04 -
-a=[1-A¢/n| <0.01 Proton selection: Region "o": one signal  —o6f-
-pTj1 /pTj2< 1.3 - € > 0.05 to avoid large proton is missed. A osF
radiation-induced near the pileup proton is used - .
beam InStead _1__||||||||||||||||||||||||-|||||||||I||| 0
-14 1.2 —1 -08 -06 -04 -02 0 0.2 0.4

1 - m(WW)/m(PP)

 Main background: jets coming from one interaction, combined with unrelated protons from pileup interactions in
the same BX

* Estimated from data using sidebands regions (inverted dijet acoplanarity and/or dijet-proton matching)

through the ABCD method i



YY — VV with forward protons: results

ML fit: Fully ("region &") and patrtially ("region 0") reconstructed events x 3 years x 2 SRs (WW and ZZ2)

CMS-TOTEM rreiiminary, L =100.0fb™
| | | | | |

- - O
90 = = 3 10° CMS+TOTEM —* Observed  — Expected
- Prefit background + uncertainty - o Preliminary [ +10 Expected [ | +20 Expected
80 - = ©
- - S
70 — = 10%
R Prefit bkg. + expected signal (aV/A%=5*10"° GeV?) 3 £
60 0 — =
= Tt . - o
50 ;— | . | = 2 10
- —_— ' L0 g
40E- Observed data i o :
so-- .07 E
20 — i
10 v‘ —
0 I e o A EL: X -, | | | 3 - |
-, P~ P P 5 10 15 20 25 30 35 40 45 50
016 ,,<016 ,<016 <016 507> ,<071>,<071> ;07> ;<015 , <015 ,,<01g 5<01g
2z 22,7228 Wy, 'O Wy, 02> 82> W A2 7 2
erg er "eg. s eg. erg er eg. s "89. 5 erg_ gyfeg_ Ofeg. s €9 . Iao /A" (x 10" GeV7)l

* Improved detectors in 2018 in PPS that allow to reconstruct more than 1 proton in each arm of the spectrometer
per event. The one with with largest € is taken

Sensitivity mostly relies on 2018 data
* No significant excess is observed over the SM background prediction

o Limits are reinterpreted in terms of dimension-6 non-linear and dimension-8 AQGC. Limits on dimension-6 AQGC
are 15-20x more stringent than the limits obtained in previous analysis performed in LHC Run1 (without proton

tagging)
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Summary

May 2021 . ' . . QMS IPreIi(ninary

CMS measurements 7 TeV CMS measurement (stat,stat+sys) —=—0—

e P resente d ’[h e | atest C M S vs. NNLO (o) theory 8 TeV CMS measurement (stat,stat+sys) e

. . 13 TeV CMS measurement (stat,stat+sys) ++eo—+—
Mutiboson results in Run 2 era v —o——— 1.06+0.01+012 501"
Wy, (NLO th) —o+—— 1.16+0.03+0.13 5.0fb"

Wy, (NLO th) e 1.01+0.00+£0.05 137 b
- Zy, (NLO th) e 0.98+0.01+0.05 5.0fb"

GOOd ag reement with SM Zy, (NLO th) —e—i 0.98+0.01+0.05 19.5fb"
1t WW+WZ — - 1.01+0.13+0.14 491
pl‘edICtIOI‘IS so far WW S —o—— 1.07+£0.04£0.09 4.9fb"

wWwW s 1.00+£0.02+0.08 19.4fb"

WW o 1.00+£0.01+0.06 35.9fb"
* The large amount of collected Wz D 1.05+0.07+0.06 491"

: : : WZ — 1.02+0.04+0.07 19.6fb"

data is making possible to Wz = 100+0.02+0.03 137 fb"
Y4 0.97+0.13+£0.07 4.91b

measure many rare processes Z 00710085008 too
. -1

predicted by the SM ZZ  mem 10420024004 13707
0.5 1 1.5 2
All results at: Production Cross Section Ratio: o,/ 6y,

* To have a complete overview of the latest Multiboson measurements at CMS, do
not miss the VBS dedicated talk on Friday

« New data-taking era (Run 3) will start in August this year at /s = 13.6 TeV
— new interesting results will come. Stay tuned!
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