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Outlook

e Polarization

® Tau polarization Iin Z decays Published on JHEP

® Diboson

® ZZ+)ets Submitted to JHEP

® YV TT Submitted to ROPP

® Z(—VvVv)y CMS-PAS-SMP-22-009 In preparation to
be submitted

e WW@13.6 TeV CVS-PAS-SMP-24-001

VBS VV results discussed in a dedicated talk
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Tau polarization in Z =1t decays

® pp collisions@13 TeV, 2016 data (35.9 fb-1)
® Measurement of the average T polarization

® Convert polarization into sin20effy

(Pr)

4 decay channels

- N(Z - = T; ) — N(Z — 1/ 13)

- N(Z = 1x1)

11 categories

N(Z — 17 13)

Discriminator choice

based on likellhood scans

Channel Category ||Discriminator
T Ty e+ u m;s(e,u)  visible mass
ToTh e +a, w(a,) optimal observable with SVFIT
e+p Wyis () visible optimal observable
e+ 7T w(71) optimal observable with SVFIT
T, Th U+ a w(a,) optimal observable with SVFIT
u+p Wyis(0) visible optimal observable
U+ w(7T) optimal observable with SVFIT
ThTh a; +a, |[|mys(a;,a;) visible mass
a,+m Q(ay, ) combined optimal observable with SVFIT
o+ Ty Wyis(p) visible optimal observable (for leading p)
T+ T my;s(7t, 7t)  visible mass

e Modified SVrr for T decay reconstruction

e BDT MVA algorithm applied in addition to the HPS algorithm

Published on JHEP

® Helicity information extracted from angular kinematics of tau
decay products

qL

qL

® For spin-1 intermediate resonances, 6 is not sensitive
enough — 3 more angles a, B and y

e 1D fit to a unigue optimal variable w(6, a, B, y)

2T combination

O — w1+w2
1+wlCU2
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Tau polarization in Z = 1T decays

: : : : 0 fit : x10° CMS 36.3 fb™' (13 TeV)
® Extraction of polarization with template fits: T (data) = T (sig,(P-),r)+ T(bkg) g o . ~RRE
~ :_eu R"L L"R _:
: 2 10 ] : _
® [emplates for right- and left-nanded T e | tejets [ Weiets [ Diboson -
> gk _
LUl B QCD multijet Exp. unc. -+—ObservedZ
ICIMISI [T 1 T 7 T T 1 3|6|3 Tb-: (:13| Tle\/l) CMS SlmUIatlon 6 :_ Paas 2o Y _:
H - — . S Fep +~L—=>T1T; + £ =TT - . e, .
First Pt '§1-5? P - R AL oL oo, .
: ; o : :’ B "””0;
measurement i 1“4 PDF variation: CTEQ6L1/NNPDF3.0 O e
eTh — o in CMS CDL 13F g5 T
5 ' IS <l .
T g 1.207 _ E 1.0 [t ;M*o*qw‘M*m**ﬂM¢+w+ﬁ+* **
- S P s | ;
WY E 1.1, Hr .PLQ‘W%@H#»% ., 1%; S A -
= = = : 3 l [ | J 40 50 60 70 80
: - ' Visible ditau mass m . (e,u) (GeV)
hthi B - 09F |
. .g 1.4;_' 1 | l ] | | | | ] 1 1 | 1 1
 1.2F - ' ~ -
Combined e . 1*W+4+‘++%*
L1 1 1 | [ I I 11 l 111 | L1 0'8;‘1 L | v ¢ 1.1 L 1.; i | 1 1.1
-0.3 -0.2 -0.1 0 0.1 1 05 0 05 ]
Average polarization < P_ > cos B(p)

® Possible PDF effects are negligible

® Signal reweighted to test different PDF sets
(nominal PDF set is NNPDF30_lo_as_0130)

e Stability of extracted polarisation wrt eta


https://link.springer.com/article/10.1007/JHEP01(2024)101
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Tau polarization in Z =1t decays

e Correct (Pt) to the polarization value at the Z pole = Pt(Z)=—-AT

CMS (13 TeV)

—————— —
36.3 fb”
ATLAS (8 TeV) e Most precise measurement of At at the LHC
Eur. Phys. J. C 78 : -_— = — o .
(2018) 163 ® Precision comparable to the SLD experiment
LEP-SLD (ppG)

Prog. Theor. Exp. Phys.
083 C 01 (2022)

SLD
Phys. Rev. Lett. 86
(2001) 1162

L3
Phys. Lett. B 429

(1998) 387

DELPHI
Eur. Phys. J. C 14

(2000) 585

ALEPH
Eur. Phys. J. C 20

(2001) 401

OPAL
Eur. Phys. J. C 21

(2001) 1

Extracting sin26efyy as P1(Z)=—AT = —2(1-4 sin26efiy)

sin2@effy = 0.2319 = 0.0008(stat) = 0.0018(syst)
— = 0.2319 = 0.0019

_ In agreement with SM

| | | | I

0.2
Asymmetry A_
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//Z+)ets production

T ___ Z g 7 ® Differential xsec
4 138 fb™' (13 TeV
7 - CMS . . l 13817 (13 TeV) A 150_QM§ 138167 (13 TeV)
Y -——- re - —— Data - > n —— Data i
o F g5 - 22 - 8 i H -2z i
"qc:1500— B g9 > ZZ = B i qd —» ZZ _
- Bl zZzZ+2jetsEW T + Y4
q Z g Z (0 I [ HZ VW ] o 100 B =§g :)2 jets EW _
LO QCD NLO I B 2+ 1 & Tl izVwW ]
1000k . Syst.unc. — V I Z+X _
I ] i Syst. unc ]
e Four isolated leptons from PV + contribution T ::;I:sézemzz <120 GaV - Inclusive h
from FSR photon with AR(l,y) < 0.5 500 ’ ~ full 41 mass range..
® ? on-shell Z candidates built from OS, same e i

flavor leptons

Submitted to JHEP

® pp collisions@13 TeV and Full Run2 statistics (138 fb-1)

g 15F = -8
® 40 <mz1< 120 GeV, 4 < mz < 120 GeV g [ %
T 05k . . . l = | -+
()] (] ;
® pqets > 30 GeV and AR(jet,I/y) > 0.4 200 400 600 ‘:‘]’10 [ Ge\}(ioo O ” NP RE— o
. m, [GeV]

Very low background

® / and W/ production + jets estimated using control

regions (1/2%)

o qq — ZZ: MadGraphb5 aMC@NLO+POWHEG 2.0+NNLO K-factor

ogg — ZZ: L O with MCFM+QCD NLO K-factor

e EWK ZZ + 2 jets: MadGraph at LO

e tt/ and VVV from simulation (1-1.5%) ®eHZZ: POWHEG at NLO

LHCP2024
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//Z+)ets production

® Data unfolded using the iterative D’Agostini’'s method

1

1 dojqg

Data/Pred.

All
predictions
describe
well data at
low mass

——] fo' (13 TeV

—+— Data + stat. unc.

: Stat. @ syst. unc.

—3— MG5_aMC@NLO

- 3- - POWHEG

. NNNLO+PS
(NNNLO+PS)x K¢,

L1 1111

| IlllllI

|

(NNNLO+PS)x Kgy,

200 300 400 5

Discrepancy
at high mass
mitigated
with EW
corrections

Osig ANjgts

Data/Pred.

Submitted to JHEP

138 fo” (13 TeV)

I —+— bata+stat. unc.
i 7] Stat. ® syst. unc. |
—3— MG5_aMC@NLO
- - 3- . POWHEG -
I nNNLO+PS -
m
10—
e -__
| | y . | L L L | ) | | -
| T
, £ POWHEG
) NNNLO+PS
1
0 1 P >3
Njets

Best
prediction
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- -
TT photon-induced production
| 7: . Tl+ Y : ot #%17 —rt opp collisions@13 TeV and Full Run2 statistics (138 fb-1)

Y

oFirst observation of Tt photon-induced production
vy > T 7y > T ~y > T
A i > v p%{vj p%adf e imits on the T anomalous electromagnetic momenta

Exclusive/Elastic Single-dissociative (SD) Double-dissociative (DD)

_ Cws 138 " (13 TeV) ¢ 4 Final States: ey, eTn, Uth, TnTr
o)) 105? A|\<OO1|5 Ntrack;—O | Ob lv d E ;
© Elncﬁebrkg. (3|s Nrs<7) 4 ©SD and DD ® 50 < mVis: < 500 GeV
= — i ] : .
2 Oy —ww ks 1 contributions e Exclusivity cuts
> 7 Stat. unc. 1 estimated from . .
= Flat SF = 2.703  0.035 1 upCRindata ® Back-to-back production — acoplanarity A = 1-|AD|/1t < 0.015
IR atthey 1, ® | ow activity around TT vertex, Nuacks = 0,1 (75% signal efficiency)

10°" — : ‘ — estimated in
102 J sideband region i
10—3% ---------------- —— (3 < Ntracks </ Ge\/) HUES—N
Lﬁ 2:_ 3 + ++ ' l _+— i e ° : ‘f—g \ i e S
~ -;... .“+#'ﬂ‘ -+~ -—{—- : estlmated from ::::::::::::: ::::::::::: iﬂﬁﬁiﬂgﬁﬁﬁﬁﬁ_k?ﬁimﬁf ; 7 ' ; AN [cm]
8 1:4 ,,,,,,,,,,,,,,, . GAMMA_UPC ZBS éuu
O e -
. o @ @ and rescaled
®)) 6_ —Flat fit —Linear fit — -to match da-ta
7 S - . _
2% 4 . —t— _; Ntracks corrections (using ppy CR): 7
a1 A j— e PU tracks: compare Niacks distributions in 0.1 cm z-windows far from up vertex
= 0 100 200 300 400 560 600 700 800

® HS tracks: compare Niracks around pp vertex after subtracting PU tracks
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TT photon-induced production

® Mvis and Niracks distributions after ML fit, assuming SM T momenta
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TT photon-induced production

e ar and dt parameterized within SMEFT framework N 8.CMS, 138 ftf (13 Tev)
c |—Obs.:a = 92 x 10 (68% CL) |
CMS 138 fb~' (13 TeV) = | T S
< gl Exp.:a = 1253 x 10 (68% CL)
® Observed —68% CL —95% CL c\ll _ K
L L L A L L AL B -
OPAL i oot
ee — Z — 1ty ! ’ 4_95 /°‘:“ _
PLB 434 (1998) 188 '
L3 ; _
ee — Z — 11y — ol _
PLB 434 (1998) 169 g -
DELPHI i I . |
vy — 1T (y from e) o 0\ 5 605 . O _ : e
EPJC 35 (2004) 159 M -0. . a,
ATLAS '
vy — Tt (y from Pb) ——— 5 ’
PRL 131 (2023) 151802 e SM a=0.00117721(5)
EMS. ¢ ¢ from Pb) - « DELPHI:  a;=-0.018+0.017
PRL 131 (2023) 151803 « This result:
CMS 5 ar=-0.0009+0.0032/-0.0031
vy — Tt (y from p) -
This result T >5X better than LEP
0.1 -0.05 0 0.05
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CMS-PAS-SMP-22-009

Z(—Vvv)y production

Y
N ,, e pp collisions@13 TeV, Full Run2 statistics (138 fb-)
Z/y
SM Y ) z ® Fiducial and differential xsec measurement
Ve M q BSM e Limits on aNTGCs h3Zv and hsZv
® True photons bkg:
e Exactly 1 high-pr (>225 GeV) photon + MET ® v+jets, VV (from MC), W(—Iv)y (from CR in data)
e BDT algorithm to identity high-pt photons e Fake photons bkg:
(92% efficiency) ® c—y, jet—y (data-driven)
CMS  simulation Preliminary 138 fo” (13 TeV) e Particles interacting with ECAL barrel's APDs (data-driven)
10°E +sme e Beam Halo in ECAL endcaps (data-driven)
- —o— hy=4x10
I —=— hi=5x10"
> 10; —a— hy=4x10"
O v h=5x107 Hypothesis: prompt H BH
g ’ ) Tow?“"w ypothesis: ® New BH tagger built
L<II>J> 8 ))/ using energy deposits
1oL High-pr § e" - ”” ® Forward (1.6 < |n| < 2.5)
- sensitivity to ’ S e photons included in
, aNTGCs v the analysis for the
LA P N S SN e . o first time

200 400 600 800 1000 1200 1400
Generator-level photon R (GeV)
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https://cds.cern.ch/record/2895314?ln=en

CMS-PAS-SMP-22-009

Z(—Vvv)y production
— Fiducial region —
Exactly 1 photon passing
opr > 225 GeV

o|n| < 1.4442 (EB) or

CMS Preliminary 138 fb' (13 TeV) 1.566<|n|<2.5 (EE)

® | kelihood-based unfolding technigque

i‘: —}— Observed (stat+syst unc) MET requirements
9 1 0—1 e ~ Observed (stat unc only) o Ermiss > 200 GeV
((b) - —— Madgraph aMC@NLO ®prv/Ermiss < 1.4
- — .
O, ol Matrix NNLO O AP (y, Ermiss) > 2
o 107 .
b -
- -
Q. 1 0—3 - ? ) )
'\g = Fiducial xsec (fb)
© 10-4 B Migggmm Region Measured | NLO (Madgraph5) | NNLO (MATRIX)
3 Barrel 1.05 0.73 0.27
n | 1 S BT B ST B PR B |77| < 1.4442 16‘741_0.99 19‘611_0.69 19'331-0.33
& : Endcaps 0.76 0.27 0.07
8 1 .55— - ) 1.4442 < |17I|) <25 7.84707 6.457031 6.217 09
~ - —— B N . .
O 1? + Combination of barrel 23.32t1°40 26071-839 2545t8§%
o 0.5C and endcaps 132 - -
al r

400 600 800 1000 1200 1400
p_ (GeV)
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|
Z(_’VV)V prOd uction CMS-PAS-SMP-22-009

® [ffective vertex approach —e(p? — m?2
yy ™m
- L% (a1, @ p) =~ V) { a9°" — 459" ) +\ 0" |(p02)9"” — dbp” | +
® | imits on h{Y and hov are comparable mz Y Z
to those on h3¥Y and h4V @uaﬂp B @ uBpo }
d2p P92
CMS Preliminary 138 fb' (13 TeV) CMS Preliminary 138 fb' (13 TeV) These results
—4- Observe — Predic 1 —4- Observe — Predic
0 Mogons Wz 2 Mogons Wz Parameter Expected | Observed
— h=2.210"  — h{=4.2x10" — h=2.210"  — h{=4.2x10" 4
%J 1 — h=3.5x10* —hI=6.8x:0'7 %J 1 — h=3.5x10* —h1=6.a><:o" x 10 (-2°81 29) (-3’41 3'5)
S 2 'O ’? x 107 | (-5.9,6.0) | (-6.8, 6.8)
= C 10
2 g h3 x 10* | (-1.8,1.9) | (-2.2,2.2)
10” 7 7
o h% x 10 (-3.7,3.7) | (-4.1,4.2)
3 3
O O 15
3 - ATLAS@8TeV
T A o P L Parameter Limit 95% CL
400 600 BYOO 1000 1200 1400 400 600 %00 1000 1200 1400 Measured Expected
by (GeV) pr (GeV) h} (-3.7x107%,3.7x107%) (-42x107%4.3x107%)
h% (-3.2x1074,33x10™%) (-3.8x10743.8x107™%
h) (-4.4x1077,43x1077) (-5.1x1077,5.0x 1077)
hZ (-4.5%x1077,44x1077) (-5.3x1077,5.1x1077)
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WW production at 13.6 TeV

* pp collisions@13.6 TeV, 2022 data (34.8 fb-1)
* Inclusive and normalized xsec measurement

]

?SJ-QS 34.8fb" (13.6 TeV) zs.le 34.8fb" (136TeV) m“ 348" (13.6 Te
: '''''''''''''' c LY T g e——_j—————r— .E 1m - l T T T T l T T L L l L] L L L ' L -
o) CMS I Nonprompt ¢ Data o) 4} CMS I Nonprompt ¢ Data - o) CMS =mpfompt \0\::;“
P Pofmbary i - o | Pomeey gl e s | et we
c 40k v Top quark  _| - i Same-signCR =y, Top quark c > v Top quark
g  Higgs B Orell-Y g 3 " Higgs B Orell-Yan g  Higgs B Orell-Y
1T mwz - 1] . mwz . w mwz

i zz . . mzz y i zz
.............. 2 ONNIONIINNN
20 -
' - . fhansasan 1
® [Fvents selected with one electron and one muon |

(OS) and categorized into WW SR + 6 CRs

Data/SM

® xsec extracted from simultaneous ML fits over

5 a 2 5 % i 2 3
N N

SR+CRS x10° 34.8f0" (13.6 Te ] p 34817 (136 Te ? 34.8fb (13.6Te
< T SIS c ugulsl-ﬂonlobml c A —— 6....".).

. . . . o prompt o CMsS Y .
e 1stfit with one POI (inclusive xsec) g OOf Pemnay S | Peme QNN S T gf Pmeey e Slmee

S eb tag vy Top quark r= TwobtagCR Top quark - WZ/ZZ CRs ™ zz

4 o 1 Higgs I Orell-Y 9 - 10 Nonprompt

| T 40 - " wz 7 i " vy

w2z 6_‘ B tvx .
..... @ rranan L

| 4
20F 0 -
| 3 2
5. = 1 3.
Compatible with predictions: S o { S

1 2 3 0 1 2 3 -0.5 0 05 1 1.5

oo = 125.8 + 3.7 pb (QCD NNLO and EW NLO from I\/IATRIX) ) ) " “
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WW production at 13.6 TeV

CMS-PAS-SMP-24-001

e 2nd fit with 4 POls: inclusive fiducial xsec + normalized cross sections (0, 1, = 2 jets)

5
Z
§ 0.8
@)
= 06
0.4
0.2
14
e
8 1
0.8
1.4
x 1.2
0.8
9 © 1.2
2|8 1
=
08

CMS Preliminary 34.8 fb” (13.6 TeV)
[ | | |
+ Data
. xx POWHEG+PYTHIA
u — MATRIX
—— MINNLO+PYTHIA
lmmﬁ\
i | |
BBy —
-Eeer\\\\\\\\\\Q\\\\\\\\\c\\\\\Q\\\\\Q\\\\\\\&\\\\\Q\\\\\Q\\‘:\\\\\\\\\&\X\\X\\\\\\x\

| 1 |
1 I 1

—  Theory uncertainty

— e Theory prediction / measurement

e s @ < e e K
— ¢

= Theory uncertainty

— e Theory prediction / measurement

it o S————— A

0 1 >2
Number of jets

Fiducial region

Observable Requirement
Lepton origin Direct decay of a W boson
Lepton definition =~ Dressed-leptons (e*u )
Leading lepton py ptmax > 25 GeV
Trailing lepton py ptmin > 20 GeV
17| of leptons In| < 2.5
Dilepton mass My, > 85GeV
Jet pr P > 30GeV
17| of jets 17| < 2.5
Jet-lepton removal AR(j,¢) > 04
Best
prediction
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e CMS has a strong and comprehensive program of SM measurements
® Cross section measurements in good agreement with theoretical predictions

® More stringent constraints on aNTGCs have been provided, exploiting novel
approaches and larger datasets

® [rst observation of yy—=1T In pp collisions
® Produced several of the most precise results at the LHC
® A: presented here, but there are many more

® | Imits on anomalous magnetic moment of the T lepton 5 times better than at LEP
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Tau polarization in Z =1t decays

(b) B(p » n*n”)

n,, — 1, plane

() B@,»>nm ") d)y(a, > ntn7)
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TT photon-induced production

dr = aSMT / 5aT

(jt:= (isnmt'F‘iI:I}
\ od, =

e ar and dt parameterized
within SMEFT framework

2m \/—U
e A2

¥ Im [Cy, ]

® Recast results to make exclusion plots of Wilson coefficients

da, =

2m, \2v

e

—Re[cos Oy, C,z —sinBy, C,yy/]

CMS 138 fb™' (13 TeV)

T T 1 T T 1 T T 1 | T T 1 | T T 1 J,r%

.............................................................................

M | [T T | [T | [T T | [T | [T T | I

% Standard model
----- Expected 95% CL -
— Observed 95% CL E

_'1 | Y | Y Y | I | Y | Y Y | I | T

-3 -2 -1 0) 1 2 3
Coe/A? [TeV?]

| 1 | [ 11 | [ 11 | [ 11 | [ 1 1 | S

dd, = %Im[cos Oy C.5

[CT'Y]

Cry = (c0803yCrp — sinbyCopy )

—sin@y, C,/]

CMS 138 fb™' (13 TeV)
cﬁr‘" j | T T 1 | T T 1 T T 1 T T 1 | T T 1 | T 1 I‘J b
CHE T
o 6 S
< L
£ % 4= e
O r 2
2 — e N
OF =
T R e -
_4 ]
Y D % Standard model
T Expected 95% CL ]
-8 = — Observed 95% CL
"T"I I | | I I | | I | | I | | I | | I | | ;
-3 _2 ~1 0 1 2 3

CI/A% [TeV?
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TT photon-induced production

e aT and dt parameterized within SMEFT framework

CMS

138 fb™' (13 TeV)

e Observed — 68°/o CL —95% CL

OPAL
ee — Z — 1ty

PLB 431 (1998) 188

L3
ee — Ty

PLB 434 (1998) 169

ARGUS
ee - yv* — 1t

PLB 485 (2000) 37

Belle
ee = y* — 1T

JHEP 04 (2022) 110

CMS
vy — Tt (y from p)

This result

'SM

—04—03—0201 O 0102030405
dt(ecm)

x107"°

2AInL

. CMS 138 fb' (13 TeV)
Lf—Obs.: Id | <1.7 x 1077 e cm (68% CL)
sl Exp:ld | <2.3 x 1077 e cm (68% CL)

O:. I B I-\-~"-'1~L-- ﬁ——.‘f':'u il . x107
-40 -30 -20 -10 O 10 20 30 40

. (e cm)

e SM de~10-17
. Belle (CL 95%):

-1.85 < dr< 0.61 x 10-17

* This result (CL 68%):
-1.7 <di< 1.7 x 1017

Same order as Belle
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Z(—Vvv)y production

n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
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