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Multiboson production in CMS

e Many CMS analyses targeting multiboson final states

e Rare processes, high energies

e Di- and triboson production allow probing the EW symmetry breaking
mechanism, in parallel to the study of the Higgs boson

e Triple and quartic gauge couplings are sensitive to BSM physics
o Limits on new operators, often in the Effective Field Theories framework or in terms of anomalous

quartic couplings
e Diboson production is in the precision regime
e Triboson production measured in increasingly more channels
e | will discuss analyses targeting inclusive diboson and triboson production,

since Vector Boson Scattering is the focus of another talk
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e Measurement of the fiducial cross section —

e Produced mainly via qq t- and e Total cross section
u-channel (~ 90 %) and gg — e Compare different MC generator predictions
loop (~ 10 %) c CGws WMV T
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e Overall a very clean channel B H 22 ,
o Main background: nonprompt 001 - 1] .
leptons — from data CRs i
o Rare backgrounds (from MC): 5 *—
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Differential cross sections for
g

My, Pt pTZ' pTzz' A(P(Zrzz)' AR(Z1'ZZ)

Background correction and detector

response unfolded with MC

e Limits from fit to the m_, distribution
e Mostly high energy tail %mzz > 1300 GeV) affected
e 1D and 2D limits with all other coupling set to 0
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SMP-20-014

Produced only by qq’ at tree level

. q
e Sensitive to the WWZ TGC and to charge )
_ Oy —W7Z
asymmetry "ACPVZ — ﬁd(pp - 2 q z
s Uﬁd(pp - W Z; CMS 4 CMS 4
e Nonprompt leptons: tight-to-loose CN 137167 (13 TeV) CMS 137" (13 Tev)
. . . . ) F SR Post Fit N7 -SR Post Fit ]
e Irreducible bkg: MC shape + normalization in CRs *qc:’°°°; o [z £ lioma Cwz Ewzew
. : 6000~ Wz EwK —2ZZ s I 77 [ tX [tz
o ZZ(~6% of yield in SR), ttZ and tZq (~3.2%), X+y (~1.5%) & ¢ =ﬁx =fz“q T 105;:;‘(3* Nonpmmmgm‘im sMunc 3
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1 1 | | 1 1 1 1 1 1 | Il 1 1 1 1 | Il 1 1 | 1 L 1 — H
0 o Tz i e ez Opg= 405:07 (stat) + 1.1 (syst) £ 0.7 (lumi) fb
o(pp — WZ) [pb] o(pp — W'Z) / 6(pp — W 2) o= 50.6 + 0.8 (stat) 1.4 (syst) + 1.1(lumi) + 0.5 (theo) pb
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Events / 12 GeV

Data/Pred.

SMP-18-004 || CMS/
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)T |
Produced via qq annihilation (~95 %), gg-induced loop (~5
%) and H — WW (background)
Signature: 2 isolated leptons and large p,™**
Main background processes: tt, DY and W+jets
o Lepton FR(p,, n) is measured in QCD-enriched data
o Applied in CR with 1 passing and 1 failing lepton
. : THR
Two analysis: sequential cut (o, Oy/qp 40g/dP, ) and
Random Forest (o, ., do/dnj)
CMS 35.9 0" (13 TeV) CMS 35.9fb" (13 TeV)
200— |lNonprompt I ¢ Data I % r iNonprompt ] ¢ Data l
- EvZ \Pred. unc. - g 1501 vz \\Pred. unc. |
i ww mwy 1 ~ - ww mwy
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) DF 1
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Quantity Sequential Cut
DF SF

Number of leptons Strictly 2
Lepton charges Opposite
P!} max >25
p!} min >20
My >20 >40
Additional leptons suppress
| My — My, | — >15
pkt >30  >30 DY
e

frmss,pm] ) ?lss,track proj ~20 ~20
Number of jets <1 suppress
Number of b-tagged jets 0 ttbar
DYMVA score — >0.9
Drell-Yan RF score Spy — —
tt RF score S — -

DYMVA: see

arXiv:1806.05246
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https://arxiv.org/abs/1806.05246

W"W~™ — 270~ 2v - results SMP-18-004

e Fiducial cross section (SEQ): Two e or p with pT >20GeV, o Theoret|cal prediction: o, ""*°=118.8+3.6 pb
Inl < 2.5, m,, >20 GeV, p,*>30 GeV, E.M> 20 GeV, 0-1 jets® Ty Sa=1176+14 (stat) £ 5.5 (syst) + 1.9 (theo) + 3.2 (lumi) pb

- ) = 117 6+6.8 pb
o Change in O-jets with p_. threshold of vetoed jets / o 0 FF=131.4%1.3 (stat) £ 6.0 (syst) £ 5.1 (theo) £ 3.5 (lumi) pb
e Total cross section measurement with both analyses = 131 4+8.7pb

o Differential cross section measurement in m,, p."", p.*,
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Events

Data/bkg.

WIW* —

SMP-21-013 D - —
e Two hard parton-parton interaction within the same p-p collision A0 :
(1) + . .
d © e For single hard scattering 6°*° = g, _* Oparton 1 O -°F° depends on two partons
qg®V + . . . NOAOR n=1 ifA=
e A simplified formula can be written: ¢RrS = 4B n=11ifA=B
. . 2 0.4 n=2 otherwise
o 0 € (15,26) mb if there is a Vector Boson, —
~2.2 mb for heavy flavour Value sgniticance
W o ’ ) (standard deviations)
o/ #2) e SHS W*W* is mainly produced via VBS = grmma o 1.92pb 5.4
! o suppressed by vetoing additional jets OB exp 0.87 pb 2.5
72 v . ODPSWw,obs  1.41 £ 0.28 (stat) + 0.28 (syst) pb 3.9
CMS Preliminary Classifier outputin SR 138 fb! (13 TeV) Oeff 12.73:8 mb —
700 = —4-Data [__]Nonprompt [ Charge misid. =
F Wi * W B . _1
800~ — O i 3 e Main background: WZ cms 77.4 17! (13 TeV)
500F— [ w/zy [ Total unc. = - Observed Predictions:
- . E o Nonpromptleptons |  mmax 0000 e PYTHIAS (GPS)
4005— nus _E o AISO WY' ZY' ZZ — — Factorization approach
300 = .
2005_ e 4 regions: {++' - '} X {ep, UlJ} total  stat syst
C R R P, e, | 3 . 1.96 + 0.74 (+ 0.54 ,+ 0.51) pb
100 —| ® Suppressed with BDTs
9 ° Signiﬂcance; 3.90 1.36 £ 0.46 (£ 0.33 , £ 0.32) pb
2.5
15 ® O = 12-738 mb 1.4120.40 (£ 0.28 , £ 0.28) pb
0' 10 20 30 20 — 5 e |Ini|l;slivlelcé - I( ébl)
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O(C ) 0 + C + C [ Wy —Cqyy =0.0 4
WWW WWW WWW BSM _83w = g ;
" . . ‘, T Vaw T
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i H 2r
destructive interference ] ;
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]
Use angular observables: ¢ L]
. . . . o = 0 1 L |
Fiducial differential cross sections T s : = 7
: : S ospiid e =
Constraints on 0, using p,¥ and [¢| g £ . : r = boost of Wy
¢
-1
CMS 138 fb! (13 TeV) CMS 138 b (13 TeV) A 0% CM§ <|¢| 1381 ,tm;wTeV)
AN &1 Measur ' ! = o8} L ' T leasured T T T & <lo,l < F<lol<
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2500 - GENEVA + PY8 (NNLO QCD + PS) o  GENEVA + PY8 (NNLO QCD + PS) (O] SM +cC *|nt [ Nonpromptmisid. y
@ MATRIX (NNLO QCD) 4 wa MATRIX (NNLO QCD) —~ 2 wWww B Nonprompt/misid. |
& MCFM (NNLO QCD) Z 0.6 & MCFM (NNLO QCD) 1) 10 . ty
2000 « MCFM (NNLO QCD + NLO EW) > : + MCFM (NNLO QCD + NLO EW) = £ Ziv(ee) (e > 1)
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1500 i + 4 2 0.4 "+" 1*‘. .w’ w 1 E ;:;1 +Syst. Uncenamty
| ) ~— K _m. \% --- Cyy=02TeV?
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WiwiW$

VVV (V = W,Z) - strategy

o WZ7Z

CMS

L 77

L1

2%y
2%y
9%y
2%y

137 tb' (13 TeV)

v qq' —24¢
2y v -3¢
Py 9 48
P77 58
_Pi‘_ei _Pi‘_?? _Pi + _)6_21'

Same-sign/3 leptons

534/5/6 leptons

eeeLleeenppeeepppn 2 1 0 AB 12345

a o

- Z 22

1J mjj—out mji-ln # SFOS BDT bins Z+€x BDT bins -g.. -g.
3 3

n n

Same-sign dilepton

10

3 leptons

4 leptons

Data and prediction
¢+ Data + stat. uncertainty
N Background * systematics

Triboson signals
EWWW G, = 1157550
BWWZ (v, = 0.86%5)
BWWZZ (v, = 224773
WZZZ n,,,=0.03%)
Bkg. in same-sign / 3 leptons

[OLost / three leptons
[l Charge mismeasurement
EW W4 / fw
[ONonprompt leptons
By — lepton

Backgrounds in 4/5/6 leptons

Ozz [Otwz [JOther
@iz @wz

Combined

WWW
WwZ
Wzz
777
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9 regions: {1J, mjj—in, mjj—out} x {ee, ey, yu}
3 regions: 0, 1, 2 SFOS

2 regions: BDT for ttZ, BDT for ZZ

1 region
1 region

SMP-19-014

e Simultaneous fit with 4 signal
strengths:
o WWW-—-250 o WZZ —-1.6¢0
o WWZ -350 o ZZZ —0.00
e Combined fit for VWV — 5.90
CMS 137 b (13 TeV)
E : e BDT i total stat
E _‘_Tb_ ¢+ Sequential-cut 4 4> fgzgg +822(}
L e— 1.15 345 0%
L —e 086 9% 3%
- 224 1Y%
T I Allowed <5.4 |
R B Y R S |
SM-NLO Signal strength u 3 May 2022




Wyy and Zyy M

e Wyy can be produced via a quartic
coupling, while Zyy cannot (in the SM)

e The photons can also be produced by
initial or final state radiation

e Event selection: kinematic cuts

e Systematics
o Mostly from data-driven background

q £ q £ q
o Estimated by inverting lepton isolation and
W W .
o) y " . " . applying same strategy
! Jets control region
' U . Ccms 137 fb (13 TeV) cms 137t (13 TeV)
T 4a

a L6y q ¥ §7ooo§— W(= ev \[/)vata i% 300 Z(— ee)yy gata
‘%2222;-'_' gllgl(d electrons ‘g:’: 25°;ﬂ.- :\)Amt(ajrs
. . > E [ Others > S [ Misid. jets
e Major backgrounds estimated from data % sooof [ Misi.ets o =g J
o Electrons misidentified as photons - e.g. Zy — €€y b 1oof
[evy] i T
o Jets misidentified as photons: CR = V+y,__ &, £ " —
m Subtract Zy — eey (MC) before computingFR & ° * ™ ™ * He” § ° Y 0 T T Wl
o BBB: ty, tty, ttyy, VVy — from MC
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n

Events / bi

Data / Pred.

Events / bin

Data / Pred.

1zoGCMS 137 tb' (13 TeV) - pMS 137 b (13 TeV)
e SO Wyt Dal CMS 137 b (13 TeV)
7 ~ Ey 772 W .
1:2: :\Illvlgd electrons ‘%1000 I\élggl{d electrons L Flt tO pTYY fOF electron and ! om 00
Oth > 800, ers ! ] . ) +0. t
so0zr3 e "o SMsces o+ | muon channels Wiey | e 1029 caza (S18L) g (Y1)
—— f/A= 100 TeV* /A = :
400: V7777777727777 400 W/}///}/l/}/}/}///}; Separa‘tely i 5 o
2 4 W(uv)yy | =074 07} (stat) "7 (syst)
1.5: B 1.51 _________ O WYY — 3.1 (o) i
* E 0.5F * !
05 50 100 150 200 zs% [Ge\:;]o E ° 50 100 150 200 2;-; [Ge\3/10 @) ZYY —> 4,8 (0] Wiiv)yy E 0. 73+g}g(stat)+°22 (syst.)
STEASTY, g, CMS we gty ¢ Jncertainty is dominated U T P
—+—gata é 16 Z(— pu)yy %?;a -1 0 1 2 3 4 5
w2 @ Eaedom 2 . .
e fers £ et (8 Others by systematics Signal strength
I Misid.jets & 1000 :Mnsf Je:sé —_— . . CMS 137 fo! (13 TeV)
At 10TeY = s e Extraction of the fiducial
60F +0.18 +0.12
5 . ¢
" cross section Zeeyyy | —e=| 0737, (stat) ", (syst)
158 | B 15; 0.11 +0.10
4 T o5t 1.06 *%!" (stat. syst.
O'SL 50 100 *150 200 Lso . \3;;)0 = O'SL 50100 150 200 2;5% [Ge\s;?o Z(upyyy - Tom ) (Y )
p}“’ e a T
+0.11
4.0 Z(lyy - 091704 (stat.) "> (syst.)
o(Wyy)sg=13. 6_19 (stat) 4.0(syst) £0.08 (PDF+scale) fb | oo T e
— +0.58 +0.64 0 05 1 15 2 25 3 35 4
o(Zyy)sr=5.41%025 (stat) Tp75(syst)+0.06 (PDF+scale) b Signal strength
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PWWp and pZZp

e The Precision Proton Spectrometer (PPS) My = /516
allows to measure forward (intact) protons

e Access to the full kinematics of the event!  ¢=ap /p.

e 100 fb of data (PPS in physics status)

e Searchforpp —ppVV—ppjj, V=W,Z _ Lo b
o Search for VBs decays into single large jets y= 2 & ¢
Backgrounds Protons
e Main: QCD multi jet e MultiRP — better € resolution

o Z+jet, W+Jet, tt production | 0.05 <
e Diffractive pilup is not well '
modelled — data-driven

E < Emax [depends on year]
o 180 GeV < Mpp< 1.55-2.1 TeV
— lower bound by jet trigger

PPS Roman Pots containing Detectors

TAS g orax | Dlewson TAN Bure—r— S
g— ezl e P I
LI el [

203.827 m
21255 m

Alberto Mecca - DIS2022

Y(PP)-y(WW)

CMS-TOTEM Simulation Preliminary %

F a0/A?=2-10° GeV? 25 |

T

RARARARRRRRNRAL  AACAR AN RARNR

T TR R IR T B B D
-14 -12 -1 -08 -06 -04 -02 0 0.2 0
1 - m(WW)/m(

‘0.4
)

Proton-jet matching

m(VV) =m(pp) =Inthe
y(VV) = y(pp) diamond
In the arms one proton is
correctly matched, the other
comes from pileup

Still considered signal

3 May 2022




pWWp and pZZp - results

Pileup background 6 ey s e Binned fit: {2016/17/18} ® {WW / ZZ} ®

. . = 1.5F rma lization rs ion J ! 20 9
e 2D sideband inm-y plane .} ™ e {fully [6] / partial [o]}
o [1-m/m_|>1.0 T osf “ e Limits to aQGC: first result on yyZZ
© 1Yy~ Yyl >0.5 e 10 o ~15 times better than Run1 on yy —
q a -0.5F .
o Both 6 and o are inside gy ; WW without tagged protons
e and in the acoplanarity s M e Limits on contribution from high mass
=11-Ap;<0.01 ———— resonance
100 CMS-TOTEM Preiiminary, L =100.0 fb™
8 - Observed — Expected E l l l ] l l E
. D|V|de WW and ZZ Wlth Cut On: Og S,Z’,!,,S,,:;l,-yOTEM [ 16 Expected [ +20 Expected 90:— —
_ leuding _ subleading B ol 1 80%— Prefit background + uncertainty _%
COS(T[/4) ® Mpruned 3 Sln(ﬂ/4) * Mpruned ‘é 70%— —E
= 605— ........ Prefit bkg. + expected signal (a"'/A%=5*10"° GeV?) E
(_J' . g ....... g
2 50F 5 =
o 405_ —e— Observed data R
Fiducial cross section limits: o of
20F =
o(pp = PWWP)ooscz<020m>100 Gev < 67(5373) fb 10E E
” 1 1 1 1 Il Il ! ! :—- .. v:A Coasars - E
o(pp = PZZPossczcozomorom Gev < B(@27) b = I B GC G G  f B i it S e e
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tri-Boson
(=) gM = = 5 5) [Ny nfE)z 2[=)z = 2 2[5
N 2| [NINR <3
E§E§§N”s§< NN R|ZE 2 IS

7 Tev PRD 89 {2014) 092005 - olWy) = 3.4e+05 fb 5 fb~1
13 Tev PRL 126 252002 {2021} w oWyl =14e+05f 137 fb~t
7 Tev PRD 89 {2014) 092005 = 0lZy) = 1.6e+05 fb 5 fb~?!
8Tev JHEP 04 {2015) 164 = 0iZy)=19e+05fb 20 fb~!
7 Tev EPJC 73 (2013) 2610 alWww) = 5.2e+04 fo 5 fb-1
8 TeV EPJC 76 (2016) 401 W olWW) = 6e+04 fb 19 fb~*
13 Tev PRD 102 092001 {2020} ‘ o(WW) = 12e+05 fb 36 fb—t
7 Tev EPJC 77 (2017) 236 a(WZ) = 2e+04 fb 5 fb-1
8 TeV EPJC 77 (2017) 236 @ 0iWZ)=24e+04fo 20fb *
13TeV  Submitted to JHEP ¥ olWZ)=51e+04fb 137fb
7 Tev JHEP 01 {2013) 063 - 0(Z2Z) = 6.2¢+03 fo 5fb?
8 Tev PLB 740 (2015) 250 & 0(z2)=77c+03 M 20 b
13 Tev EPJC B1 (2021) 200 4 0lZZ) = 17e+04 b 137 fb~t
13TV PRL125 151802 (2020} W oW =le+03fb 137 fht
13TeV  PRL125 151802 (2020} sl olwww) = 5.9e+02 fb 137 fht
13TeV  PRL125 151802 (2020} PR oWWiZ) = 3e+021fb 137 fbt
13 Tev PRL 125 151802 (2020} OlWZZ) = 2e+02 fh 137 fbt
13 Tev PRL 125 151802 {2020} 0lZZZ) < 2e+02 b 137 fb~!
8 TeV PRD 90 032008 (2014) — al\WVy) < 3.1e+02 fb 19 fb~!
8 Tev JHEP 10 (2017 072 — atWyyl = 4.9 fb 19 fb*
13TeV  JHEP10(2021) 174 el otVyy) = 1410 19 fb=*
8 Tev JHEP 10 {2017) 072 - o(Zyy)=13f0 19 fb~!
13Tev JHEP 10 {2021) 174 = oiZyy)=54fb 19 fb~!
May 2021 CMS Preliminary
CMS measurements 7 TeV CMS measurement (stat,stat+sys) o+
. vs. NNLO (nLo) theory 8 TeV CMS measurement (stat,stat+sys) e
Presented status of multiboson @CMS 13 TeV CMS measurement (sat statssys) —+o-
. . o Y e —— 1.06 £0.01£0.12 5.0f0"
Diboson: precision era Wi, (NLO th) o 1.16+0.03+0.13 5.0fb"
. o e 1
g p ] o Zy, (NLO th.) —to— 0.98+0.01+0.05 5.0fb"
o Good agreement with MC predictions Zy, Lo — 0.98+0.01+0.05 19.5f0"
q . WW+WZ 1.01£0.13+£0.14 490"
Triboson: wWw D S 1.07 £0.04 £0.09 4.9fb"
ww —o— 1.00+£0.02+0.08 19.4fb"
o Can see (some) processes ww e 1.00 £+0.01£0.06 35.9fb"
o  Still much more to discover wz = 1.05+0.07£0.06 4.9 o
wz ——— 1.02£0.04 £0.07 19.6b"
Stay tuned for Run3 and beyond! ot 1.00£0.02+£0.03 137 b
ZzZ o —n 0.97 £0.13+£0.07 4.91fb"
zz e 0.97 £0.06 £0.08 19.6 b’
—e— 1.04 £0.02£0.04 137 fb"
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Cross section summary

27 > 4 405+ 1.5fb 174 +0.8 pb
WZ-3tv 299 + 11 fb 50.6 +2.1 pb
W*W-—2¢ 2v 1592 + 87 fb 117.6 +6.8 pb
WW—2t 2v DPS 1.41 £ 0.40 pb
Wy 15580 +750 fb

Www 509 fb 54.06 fb 7 400

Wwz 354 b 4.12fb 560

wWzz 91.6 fb 0.36 fb 50

7277 37.11b 0.65fb 6.9
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SMP-19-001

Uncertainty Range of values Expected 95% CL  Observed 95% CL
Lepton efficiency 2-5% aTGC parameter x10~% x10~%
Trigger efficiency 1-2% i -8.8;8.3 -6.6;6.0
1730 3 -8.0;9.9 -5.5;7.5
Background 0.6-1.3% 5
Pileu 10/0 4 '9-9 ; 9-5 '7.8 ; 7.1
P L 7 9.2;9.8 6.8;7.5
l];lng F 00 EFT parameter Tev* Tev*
_ 1% Capy/ A 31;33 23;25
NNLO/NLO corrections 1% Coyw /A4 1.7:16 14:12
Integrated luminosity 2.5% (2016), 2.3% (2017), Cpw /A% -18:1.9 14:13
2.5% (2018) Cpp/A* -1.6;1.6 -1.2;12
Year Fiducial cross section, fb Year Total cross section, pb
2016 41.6 + 1.4 (stat) + 1.3 (syst) ;o (lumi) 2016 17.9 £ 0.6 (stat) "5 & (syst) & 0.4 (theo) T3 (lumi)
2017 39.2 4+ 1.2 (stat) 13 (syst) 4 (lumi) 2017 16.8 & 0.5 (stat) T ¢ (syst) = 0.4 (theo) 4 0.4 (lumi)
2018 39.3 + 1.0 (stat) "} (syst) = 1.0 (lumi) 2018 16.9 = 0.4 (stat) & 0.5 (syst) + 0.4 (theo) =+ 0.4 (lumi)

Combined 40.1 £ 0.7 (stat) &= 1.1 (syst) & 0.7 (lumi)

Combined 17.2 4+ 0.3 (stat) &= 0.5 (syst) £ 0.4 (theo) &= 0.3 (lumi)
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SMP-20-014

Systematics

Source 2016 % 2017 % 2018 %  Correlation scheme Processes
i i i i - Electron efficiency 0-3.3 0-3.0 0-2.8  Partially correlated AllMC
o F I d ucia I reg Ion for Cross s eCt lon. Muon efficiency 0-24 0-2.1 0-2.0 Partially correlated ~All MC
Electron energy scale 0-5 0-5 0-5 Correlated All MC
@)
3¢ (n otd ecay) Muon energy scale 0-5 0-5 0-5 Correlated AllMC
o FRS-corrected for A R(.?, Y) <0.1 Trigger efficiency -1.0/+0.6 -0.7/+40.6 -0.7/+0.6 Partially correlated ~All MC
Jet energy scale 0.9 0.7 1.1 Partially correlated ~All MC
o pT(£,,) >25GeV btagging 1.0 0.7 09  Correlated All MC
bmistagging 0.5 0.4 0.3 Correlated AllMC
o pT('?zz) >10 GeV Pileup 0.9 0.8 0.8 Correlated AllMC
ISR 0.2-20 0.2-20 02-20  Correlated wWZ
@) >
pT ( PW) 25 GeV Nonprompt shape 5-50 5-50 5-50 Correlated Nonprompt
o 60GeV<m ( ? ) ? ) <120 GeV Nonprompt norm. 30 30 30 Correlated Nonprompt
21" "72 VVV norm. 50 50 50 Correlated VVV
o m ({? ? OSSF) >4 GeV VH norm. 25 25 25 Correlated VH
30 100 GeV WZ EWK norm. 20 20 20 Correlated WZ EWK
. m( ) > € Y4 Free Free Free Correlated z7Z
. ttZ norm. Free Free Free Correlated ttX
o F ree p aram ete I'S: WZ; ZZ; ttz; tzq tZq norm. Free Free Free Correlated tZq
X7 norm. Free Free Free Correlated Xy
an d X+Y Integrated luminosity 1.2 2.3 25 Partially correlated ~All MC
b-taga WP Statistical uncertainties By bin By bin By bin  Uncorrelated AllMC
. ; g Theoretical (PDF + scale) 0.9 0.9 0.9 Correlated Wz
Mistag g-g jets: 0.1 %
Efficiency b-jets: 40 - 60 %
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SMP-20-014

tte

Cuts Zy tZ. t2q
Region Ny  pr{lz1,lz2,fw,ls}  Nosse |M(lz1,lz2) —mz|  p7*™>°  Nppg min(M(LL)) M(lz1, €z, lw)
SR =3 >{25,10,25,—} GeV >1 <15GeV >30GeV =0 >4 GeV >100 GeV
CR-ZZ =4 >{25,10,25,10} GeV >1 <15GeV — =0 >4 GeV >100 GeV
CR-ttZ =3 >{25,10,25,—} GeV >1 <15GeV >30GeV >0 >4 GeV >100 GeV
CR-conv =3 >{25,10,25,—} GeV >1 — <30GeV =0 >4 GeV <100 GeV
CMS 137 b (13 TeV) CMS 137 tb" (13 TeV) - CMS 137 b (13 TeV)
c L B e e B B c F c S L L L B
S 10"} CR-ZZ Post Fit 9 105 CR-conv Post Fit 9 o[ CR-ttZ Post Fit
42 106 —+- Data Ll Y4 % . —+- Data [ Jwz % 107 —+¢- Data ] Wz
S \s[ogszz X e M-z WXy O pjMag-zz X
e L - \\} Nonprompt otal SMunci M 10 [HtZq i
10°F - L Xy Nonprompt
102 :
10k
T
10~ 10—1_ 107
U‘ B _o' 20 U‘ 2-0 T T T
4] O 1.5 I 0 15 [ ] Total SM unc.
o} o 10f ' 8 .,
~ ~ 0.5EF 3 ~ o
= —— ) ‘ . 8 ok SUUTUOTOOO: . ‘ .
S 500 1000 1500 2000 2500 30( 0% 60 70 80 90 100 057500 1000 1500 2000 2500 3000
M(WZ) [GeV] M(WZ) [GeV] M(WZ) [GeV]
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W'W~ —

e Each tree uses a subset of the variables — reduces overfitting
e RF produces a purer SR, but it's more sensitive to p,. "
e 0 _R"=131.4+1.3(stat) + 6.0 (syst) * 5.1 (theo) * 3.5 (lumi) pb

Preselection

Quantity Random Forest
DF SE
Number of leptons Strictly 2
Lepton charges Opposite 3
p_l} max >25 g
phmin >20 &
Mgy >30  >30 g
Additional leptons 0 $
[y — mz| — >15 w
i -
plTniss,proj miss, track proj . .
T Pt
Number of jets — - 3
Number of b-tagged jets 0 o
DYMVA score = = %
Drell-Yan RF score Spy >0.96 ®
tt RF score Sy >0.6 a
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W"'W~™ — 279~ 2v

SMP-18-004

pr threshold (GeV) Signal strength Cross section (pb)

25
30
35
45
60

1.091 +£0.073 0.836 £ 0.056
1.054 £ 0.065 0.892 +0.055
1.020 £ 0.060 0.932 £ 0.055
0.993 £ 0.057 1.011 = 0.058
0.985 £ 0.059 1.118 = 0.067

Number of jets

0 1 >2

Efficiency

0.555+0.003 0.448 £0.004 0.290 £ 0.004

Number of jets

0 1 >2

Before unfolding 0.795 4 0.007 4+ 0.053  0.180 £ 0.006 £ 0.039  0.025 +£ 0.005 £ 0.018
After unfolding
Predicted

0.773 £0.008 £ 0.075 0.193 4= 0.007 4= 0.043  0.034 = 0.006 = 0.033
0.677 £0.007 £ 0.058 0.248 4= 0.007 = 0.033  0.075 = 0.006 =+ 0.026

Coefficients 68% confidence interval 95% confidence interval

(TeV~2) expected observed expected observed
cwww/A2 [-1.8,1.8] [-0.93,099] [-2.7,27] [-18,1.8]
cw/A? [-3.7,2.7] [-2.0,13] [-5.3,42] [-3.6,2.8]
cp/ N> [—9.4,84] [-5.1,4.3] [—14,13] [—9.4,8.5]
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W'W™ — 2797 2v SMP-18-004

Event yields in the SR Features used
Process Sequential Cut Random Forest Feature Classifier
DF SF DF SF
O-jet 1-jet O-jet 1-jet all jet multiplicities DigllVem  ojp e
Lepton flavor v
Top quark 2110£110 5000 +£120 1202466 2211469 34504340  830+82 .
Drell-Yan 129 +10 498438  1230+260  285+86  1360+130  692+72 Number of jets v
vZ 227413 270 +12 192+12 110+7 279 +29 139+10 phmin v
VVV 1141 2942 4+1 641 13+4 342 pimiss v v
H— WtW- 269 + 41 150 + 25 50 + 2 27 +1 241 +26 90 + 10 Eﬁss,proj
W %) 147 +17 136 +13 12345 584+ 6 305 + 88 2046 Pt v
Nonprompt leptons 9804230  550+120 153439 127 + 32 9404300 183459 p!}f v v
Total background 3870 £260  6640+180 29504270 2820 +120 My v
10510 + 310 5780 + 300 6600 £480 1960 + 120
qq — WHW- 64304250 2530 +140 2500+180 1018471 12070770 2820 +180 g pmiss v
gg — WHW- 521 + 66 291 + 38 228 432 117 +£15 693 + 44 276 +17 By et v v
Total WHW~ 6950 £260 28204150 27304190 1136 +72 1
9780 = 300 3860 =+ 200 12770 +820 3100 & 200 Ay v
Total yield 10820+360 9460 +240  5680+330 3960 =+ 360 A(Pp%ﬁssl v
20280 + 430 9640 + 490 193602950 5060 + 240 Ay v
Purity 0.64 0.30 0.48 0.29
0.48 0.40 0.66 0.61 Hr 4
Observed 10866 9404 5690 3914 19418 5210 Recoil v v
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Wy -8y (£=ep)  SMP-20-005

W ol / ) 2 Uncertainty Affects Corr.  Relative effect on expected yield
n _17 :i:ln[1+A 2+A +A shape years
Experimental
. _ Integrated luminosity = Partial 1.6%
Off'd | ag ona | = Pileup modeling v v 0.2-3.1%
s L1 trigger v v 0.3-1.1%
Wro ng SI g n for pz(v) Electron ID v v 0.7-2.8%
Electron ID (p$ > 200 GeV) v — 0.1-1.2%
It T
=y (n o ¢) ’ for ¢ S 7 s Electron trigger = = 0.5%
T Muon ID (stat) v — 0.1-0.6%
15 Pr=199¢ for |¢| < 55 MuonID (syst) v 02:07%
0.9 < Muon trigger v = 0.1-0.7%
: T — ¢, for ¢ > g k Photon ID v v 0.6-6.0%
0.8 Photon ID (pf > 200 GeV) v — 2.1-4.7%
07 Photon ID (high pt extrapolation) v = Typically 3.0-9.0%, max. 14%
’ Photon (e veto) — — 1%
0.6 Photon energy scale v v Typically 0.1-4.8%, max. 13%
05 Jet energy scale v — 1-4%
P scale v Partial 0.1-10.1%
04 e — 7 misidentification v = Typically 6.7-18%, max. 25%
0.3 a - q Jet =  misidentification v — 10-45%
52 FIdUCIa| I'eg ion Misidentified e v — Typically 13-36%, max. 75%
: ? 2 Misidentified p v — Typically 16-42%, max. 70%
0.1 o pT > 30 Ge\/; |r] | < 25 Theoretical
0 () pTY > 3 O G e\/' | nvl < 2 5 7 acceptance (scale) v v 0.3-1.7%
miss 7 acceptance (PDF) v v Typically 0.5-2.2%, max. 7.6%
° p > 40 G ev ¥ out-of-acceptance (scale) v v 5.2-12%
S 7 parton shower modeling v v 0.2-1.3%
. A R('?' Y) O : 7 Background normalization (scale) — v 2.0-16%
Background normalization (PDF) — v 4.2-4.8%
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Wy -8y (£=ep)  SMP-20-005

-1
o 8T e 3810 (13 TeV) p1 bin (GeV) Oygint|¢f| 7{1379%6 ZI{SS lq)j;tlélwn/3 7;1{1? = |¢f;|4B§M7T/2
- CMS 150-200 —019 052 003 0.50 0.23 0.44
7 200-300 -038 25 0.2 2.1 0.43 1.9
— SM+int. only 300-500 —095 107 0.06 10.3 1.0 11.0
6F ... SM+int.+BSM 500-800 —22 830 007 82.5 24 81.6
800-1500 ~49 6885 0.02 651.7 49 646.2

138 fo ' (13 TeV) 138 fb™' (13 TeV)
7 T— % |

/

& — % & | —— e —& & [ F T U ¢ ]
4 r —e— SM+int. only ! 10+~ —e— SM+int. only B
> L 4 >
"1_3 2 L CMS — 95% CL SM+int. only }_0_3 CMS — — 95% CL SM+int. only
3 e —e— SM+int.+BSM S L SM+int. only, no ¢ binning ]
2 — 95% CL SM+int.+BSM | 2 F 95% CL SM+int. only, no ¢ binning
(©) 1k 1 O 5+ =
2 [
1 = =
0'..|. AT PRI R
-0.4 0.1 0.2 0.3
-2
Cyy (TEV?)
4 _1 0 — -
L I 1 1 1 1
500 1000 1500 500 1000 1500
p¥ cutoff (GeV) pl cutoff (GeV)
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WW+pp and ZZ+pp

3 10° CMS+TOTEM -+ Observed  — Expected 3 3| CMS+TOTEM -+ Observed  — Expected
JetS \bg Prelimi:ary [ +16 Expected DiZZeExpected \bg 10 p,e/,-,,,i:a,y [+ 16 Expected DiZZExpected
. © [ ©
° pTJ > 200 GeV, Injl <25 § b 15 .
. = =
e m >1126 GeV (trigger) 3 | -
g 10p 1R
° IAnjjl <1.3 B g "
e acoplanarity: Loy 1
a=|1-Awp.|<0.01 . §
. | 2 Pl (*) Designing Decorrelated L S
o pTJ /p-l-J < 3 Tagger_ Goal: avoid mass 5 10 15 20 25 30 35 40 45 50 20 40 60 80 100 120 140 160 180 200
c o [a%/A2 (x 107 GeV?)| [a"/A? (x 107 GeV?)]|
e T.°0T<075 (*) sculpting. See arXiv:1603.00027 0 c
21 § cMS +TOTEM -e- Observed — Expected § 103 CMS+TOTEM -e- Observed — Expected
b< Preliminary [ +10 Expected [_]+20 Expected b< Preliminary [ +16 Expected [_]+20 Expected
° °
s 10F 1 & gk 4
ABCD method |a <0.01| a>0.01 E E
- -
(@] (@]
in rectangle | A (SR) B 2 5 "
(2] (o]
out rectangle C D 1
A — NB * NIC D
NBKG N N / N 50 1(|)0 15|0 2(|)0 25|0 3(|)0 35|0 4(|)0 45|0 500 50 1(;0 1&0 260 2é0 3(;0 séo 4(I)0 4&0 500

|a§/A2 (x 107 GeV?)| |aé/A2 (x 107 GeV?)|
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https://arxiv.org/abs/1603.00027

VVV (V = W.Z)

SMP-19-014

33

Selection in the 2| and 3l regions

Features Selections
SS + >2j SS + 1j 3¢
Triggers Select events passing dilepton triggers
Number of leptons ~ Select events with 2 (3) leptons passing SS-ID (3£-ID) for SS (37) final states
Number of leptons Select events with 2 (3) leptons passing veto-ID for SS (3¢) final states
Isolated tracks No additional isolated tracks —
b-tagging no b-tagged jets and soft b-tag objects
Jets >2 jets 1 jet <1 jet
my; (leading jets) <500 GeV —
Any; (leading jets) <25 —
Mmyy >20GeV —_
gy |mgy —my| > 20GeV if efe™ —_
MsEOS — - mgros > 20 GeV
MsFOs — e |mspos — mz| > 20 GeV
Mg — — Mgy —mz| > 10GeV

Alberto Mecca - DIS2022 3 May 2022



VVV (V = W,Z) - strategy

o WW*W" — #* v qq — 28€* 9regions: {14, m,-in, m-out} x {ee, ey, [
o // — v v v — 3 8% 3regions: 0, 1,2 SFOS
o WYW*Z — %y %y 207 — 4 8* 2 regions: BDT for ttZ, BDT for ZZ
o WHZZ — v PR - 58* 1region
o 777 — PR - 648 1region
- 50oCMS Supplementary __137#"(13Tev)  CMS Supplementary 171" (13TeV)
e Backgrounds for same sign dilepton (SS-28): & [T S S| B 1T oD BTN
- X\ stat. Uncert. [l Charge missasignment B LW 100 Stat. Uncert. [lll Charge missasignment —

o Lost lepton: mostly WZ with a lost lepton from the Z | ssn=zerseiecir 1 - SSn=2shs

o Nonprompt lepton: 1 prompt + 1 nonprompt from I " ] _
hadronic decays

o Irreducible background: W* W* from VBS, double
parton scattering

o Charge misidentification: a lepton from Z is

: - - N R I
assigned the wrong charge; negligible for © O btk S
g charge; neglig ! i cvtior] &
m.-in: 65 <m. < 95 GeV W % B0 700 750 200 250 300 @ 0 B0 700 750 200 250 300
i ii a mrx [Gev] © m; [GeV]
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VVV (V =W,Z) - strategy [2]

CMS Suplplementar}‘/ 137 Tb“ (13 TeV)

CMS ‘SLllpplt‘-:-me?t@_ry — 137 fb‘} (13 Tev)
- VW Lost/three leptons - Irreducible—_

- VW Lost/three leptons - Irreducible .
[ Nonprompt leptons ~ [_] y—lepton —

N stat. Uncert. [ll] Charge missasignment B

OSFOS channel

—e—Data [ INonprompt leptons ~ [_]y—lepton _|
XN Stat. Uncert. [l Charge missasignment
60[—0SFOS channel

Events
Events

e Background fo four-lepton (449):
ZZ, ttZ, tWZ, WZ+fake, Higgs
e Two BDTs: one for ZZ, one for ttZ

CMS. Sgpplerlnentavry' ' 1{37'fb‘j (13 Tev)

7250 300
p;"ss [GeV]

5 % ' ‘ ' ERE - B s S MY S £ [ pat BVW [Z2Z @tz -
;‘—_) f - + " + ;‘—_) et + By %éfé&&g 4 L% § 103?§S§1§Uncen. [JOther [JtWZ EWZ =
3 05F 3 3 0.5¢ \ w [ ee/up catego ]
® O 0o 1 =z 3 ® 00402703 04 05 06 0.7 08 09 1 - o estegoy
a n © prompt BDT score 10%E, E
o 10CMS Simulaton Supplementary. ___________ (13TeV) P ]
SR ER
= [ |mtiZ ] E ]
e Background for three-lepton (3€): 3 & 1 e [y :
o WZ with off-shell Z S E I i Tl ;
. S F ] 10 el Nty YT
o Nonprompt lepton: 2 prompt + 1 g 2 . : I
nonprompt from hadronic decays = o 4
o Irreducible: ttW - 4 £
3 EN- s
C . tDU 0

R R S S R TR P
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VVV (V=W,_Z) -strategy [3] ElSENE

5¢(WZz) 6¢ (222) -
41,2 £>2 .
> 25 GeV/c > 10 GeV/c, no b-tagged jets
2 ' PT 88°¢) » Background for five-lepton (59):
2 SFOS pairs 3 SFOS pairs o ZZ + fake lepton
|mspos S mzl <15 GeV |mSFOS i mzl <15 GeV ® Background for SiX-lepton (6'?)
z _ negligible
27+8y, |m(PRISS + B25) > 50Gev  BE | > 250 GeV | ttH || zz+£¢
w»  CMS Supplementary 137 fb” (13 TeV) CMS Supplementary 137 i (13 TeV)
% 10 Data WVVV [0ZZ [tz 15"« Data BVW D2z @tz
S - X\t Stat. Uncert. . NStat. Uncert.  [JOther [JtWZ @WZ |
w L 5 leptons signal region 6 leptons signal region
5¢
0
8 g 1?— < _
% ,{ % 0.515— h E|
© % B0 700 150 200 250 300 ® 9507300 350 400 450 500" 550 600 650 700
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CMS 137 fo' (13 TeV . . .
e A8 Y e Simultaneous fit with 4 signal strengths
Combined E __’i_ ¢ Sequential-cut 4 5 +0.26 4021 O WWW — 3.3 0
| | o WWZ—-340
www —o— 115 5351030 © WZZ - .
wwz | | e 086 4035 1952 %M%omblned fit for VVV produciton — 5.9 ¢
! — O% 031 -0. 137 fb" (13 TeV)
| : .92 +1. () ] : —
wzz | | — 224 857 | £ 100] Same-sign/3 leptons 3514/5/6 leptons Data and prediction
: o | | 30 ¢ Data + stat. uncertainty
77z : . Allowed <54 | L 80 N Background + systematics
(I) ‘II2I1|54‘|5‘6 60-: E I Tribosonsignals
Signal strength u ] ; BWWW Gk, = 115550
40 : BWWZ @, =086:53)
Process Cross section (fb) ] BWZZ (,,, =22473)
Treating Higgs boson contributions as signal 20_— : WZZZ ,,, =003
210 +150 S e i e [ S L B e [ S i ———
VVV 1010%(6,8 ;%%8 g_ Bkg. in same-sign / 3 leptons
WWW 5907150 “130 3 24 1| [MLost/ three leptons
WWZ 300120 +50 2, 27 p
—100 —40 = 17 [ Charge mismeasurement
+160 +70 g
;VZZZZ 200757, 2_58 g EW W+ / W
< %)
= | [— — e — — —
Treating Higgs boson contributions as background e - . - = EI:T}‘T;(;ZT iepiors
1
VVV 37O+14O +80 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
WWW 1903&?8 +80 eeeulneeepppeeepn 2 1 0 A B 123 45 ua o packgrounds in 4/5/6 leptons
185 14 -out in  #SFOS  goruns Z+ewBDTbins 8 ©
WWZ 100 20 30 yout:  mgein BOT bins £+OH ™ g g | WzZz Owz EOther
> 3 =
WZZ O Same-sign dilepton 3 leptons 4 leptons o » | @Otz @wz
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VVV (V=W,Z) SMP-19-014

selection for electrons selection for muons
SS-ID  Loose-SS-ID  3/-ID  Loose-3¢-ID SS-ID  Loose-SS-ID  3/-ID  Loose-3¢-ID

Veto ID see Table 7 Common Veto ID Common Veto ID Veto ID see Table 7 Common Veto ID Common Veto ID
POG MVA wp MVA POG 80% No Iso MVA POG 90% NoIso  POG ID Medium Medium
Pt > 25 GeV > 20 GeV Pt > 25 GeV > 20 GeV
[7] (veto 1.4 < || < 1.6) <24 <24 7] <24 <24
IP3p < 0.0l cm < 0.015cm IP;p < 0.015cm < 0.015cm
|yl < 0.05cm < 0.05cm 1P3p/0ip,, <4 <4
|d, | <0.1cm <0.1cm |dy| < 0.05 cm < 0.05cm
Ire1 R=03EA Lep < 0.05 <04 < 0.10 <04 |d, | <0.1cm < 0.1cm
3-charge agreement yes not required Lol R=03,EA Lep < 0.04 <04 < 0.15 <04
Trigger safe cuts yes yes o(pr)/ plrack <02 <02
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Wyy and Zyy SMP-19-013

Electrons Muons
Selection for muons pp.>19CeV po = T Gey
- 7] < 1.442 or 1.566 < || < 2.5 7] <24
Variable Cut Cut based Tight ID Cut based Tight ID
Global muon Yes Impact parameter cuts Rochester corrections
Particle-flow muon Yes Basic selection p pf";g I(Esev
" T
Track fit 2 /ndof < 10 | Yes 7| < 1.442 or 1.566 < || < 2.5
Muon chamber hits >1 Cut based Medium ID
Muon station segments | > 2 Sixelmedupte
; =2 o312l
xy . AR(y, 7/1) > 04
d, < 0.5 Wy Zyy
Pixel hits >1 Exactly one selected lepton At least two selected same flavour leptons
Tracker layers hits 35 Bventselechion P aaa > 35(30) GeV Priaa > 35(30) GeV
At least two photons At least two photons
Selection for electrons mz > 55GeV
Variable Barrel Endcap Systematic source lvyy %] Llyy [%]
|7] <1442 > 1566 && < 2.5 Integrated luminosity 2 3
dxy < 0.05 < 0.10 Plle.up <1 1
d, < 0.10 <0.20 Electron efficiencies <1 1
Tarin < 0.0104 < 0.0353 Muon efficiencies <1 1
|Ay| < 0.00255 < 0.00501 Photon efficiencies 12 5
|Ap| < 0.022 < 0.0236 Jet-photon misid. 21 6
H/E < 0.026 +1.15/Egc + 0.0324p/Ege | < 0.0188 +2.06/Egc +0.183p/Egc Electron-photon misid. <1 —
Isore, < 0.0287 5 0.506/ p'r < 0.0445 -+ 0.963/ pT Wc)« theoretical cross section 3 <l
[1/E—1/p]| < 0.159 < 0.0197 Z~ theoretical cross section <1 6
Missing hits <1 <1 Other bkgs theoretical cross section 2 <1
Pass conversion veto Yes Yes Simulated sample event count 8 4
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Overview of CMS cross section results
CMS preliminary

18 pb~! - 138 fb~! (7.8,13 TeV)
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See here for all cross section summary plots

Light colored bars: 7 TeV, Medium bars: 8 TeV, Dark bars: 13 TeV
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Imotivations]?

Feynman diagrams for all the processes + some text?

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/CMSCros
sSectionSMPSummaryBarChart.pdf + illuminare area di questo talk

non parlero di VBS. Per il tempo parlero solo dirisultati a 13 TeV
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Wyy and Zyy

Wyy can be produced via a quartic
coupling, while Zyy cannot (in the SM)
The photons can also be produced by

initial or final state radiation

¢ q £ a
W
7(W) ! w 5,
Y Y
2vy) q Y q

Major backgrounds estimated from data
o Electrons misidentified as photons - es Zy — eey

[eyy]
o Jets misidentified as photons: CR = V+y

ose

m Subtract Zy — eey (MC) before Computmg FR

QCD: ty, tty, ttyy, VVy — from MC
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Events / bi

Data / Pred.

Events / bin

Data / Pred.

SMP-19-013 (CN

4
pre fit
CMS 137 fb' (13 TeV) CMS 137 fb' (13 TeV)
1200, c F
+ Data 5 1200 W(— uviyy —+— Data
1000 2 Wyy P 1000 Wyy
: Misid. electrons c [ Misid. electrons
800 [ Others 2 sooll //// [ Others
600527 [ MISId‘; jets . 00 — MISId‘i jets »
— f,,/A* = 100 TeV — f,,/A* =100 TeV
400 e
E o T,
200 200
1.51 2 'g 1.51 2
05F * T osk ¢
0 50 100 150 200 250 300 & 0 50 100 150 200 250 300
pr'[GeV] 8 Pl [GeV]
CMS 137 fb' (13 TeV) CMS 137 o' (13 TeV)
80g + Data £ 160 + Data
E Z(—ee ° -
7°-‘+( " gz AR
60 - Others S 120077 - Others
v [ Misid. jets \ z 100 COMisid.jets
5/// — /A =10 TeV' o — /A= 10 TeV"
30 /// / so
208 Zmmm 408
10F et 20
E -k =
15F Q8 15F
1 n = 1
05F 4 < 05F
0 S0 700 150 200 250 "800 & O S0 100 150 200 250 300
pl[Gevl & pl' [GeV]
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e Event selection: kinematic cuts
e Signal strength from fit to p_ 'Y
e Uncertainty is dominated by

systematics

o Mostly from data-driven background

o Estimated by inverting lepton isolation and
applying same strategy

=
()

137 fb' (13 TeV)

]

—+— Data

Wyy

[ Misid. electrons
[ Others

[ Misid. jets

B LT L L i uanile )

Data / Pred.

Electrons

pr > 15GeV
[17] < 1.442 or 1.566 < |y7| < 2.5
Cut based Tight ID
Impact parameter cuts

150 200 250 300
P!’ [GeV]

137 b (13 TeV)

Cut based Tight ID
Rochester corrections

photons

f

Pr > 20 GeV
|| < 1.442 0r1.566 < || < 2.5
Cut based Medium ID
Pixel seed veto
[me, o —912] > 5
AR(y, v/1) > 04

—— 0.74 7271 (stat.) * 0% (syst.)

Zy - eey (eyy)

Wrry

——0.73 7210 (stat.) *O?2 (syst.)

Exactly one selected lepton
pih) 4 > 35(30) GeV
At least two photons

At least two selected same flavour leptons
pyh) 4 > 35(30) GeV
At least two photons

O=====s=cc s = =n=m=mn=

0.23 0% (stat.) jgji (syst.)

-0.22

-0.10 -0.22

1 2 3 4 5

Signal strength p
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Events / bin

Data / Pred.

=
w

300
250
200
150
100

50

—— Data

[ Others
[ Misid. jets

| aaiale)

{j

BN L L

o
o
T

Z(ee)yy

Z(upu)yy

Z(lyy

7 T
200 250 300
p!" [GeV]
il
137 fb™' (13 TeV)

(stat.) fg:‘z (syst.)
o 1.06 011 (stat.) **1° (syst.)

- 0917010 (stat.) *%!! (syst.)

13

-0.10

-0.12

25 3 35 4
Signal strength p
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Wyy and Zyy - aQGC

e Both Wyy and Zyy are affected by e Limits extracted for each operator wi
dimension-6 and dimension-8 operators

o o . the others set to zero — 1D limits
o Sensitivity to dim-6 is lower than diboson —
omitted o Limits on f__ and f_. are comparable to results
e Fit to the p.¥¥ distribution from Wyjj

. . . o f ., f_.f_.andf__ improve previous ATLAS
TO' 'TS 'T8 T9
e Effects mostly in the high energy tail analyses at 8 Tov

-1
o oS 5 13710 (13 TeY) o f_, improves previous CMS result at 13 TeV
= rop | Hoeeln Z?;a re fit
E 2
"g % e Others p Wy (TeV_4) Zyy (TeV_4)
Y 1 Misid. jets Parameter ~ Expected Observed Expected Observed
- — f/A* =10 TeV* fue/A* [-57.3,571] [—39.9, 39.5] — —
fus/ At [-91.8,92.6] [—63.8, 65.0] — —
fro/A*  [-1.86,1.86] [-1.30,1.30] [—4.86,4.66] [—5.70, 5.46]
fri/A* [-2.38,238] [—1.70,1.66] [—4.86,4.66] [—5.70,5.46]
fra/A*  [-5.16,5.16] [—3.64,3.64] [-9.72,9.32] [-114, 109
frs/A* [-0.76,0.84] [—0.52,0.60] [—244,252] [-292,292]
g fre/A*  [-0.92,1.00] [-0.60,0.68] [—3.24,3.24] [-3.80, 3.88]
& fr7/A* [-1.64,1.72] [-1.16,1.16] [-6.68, 6.60] [—7.88,7.72]
= frs/A* — — [—0.90, 0.94] [—1.06, 1.10]
g 100 150 200 250~ 300 fro/A* — — [—1.54,1.54] [—1.82, 1.82]
a Py [GeV] Alberto Mecca ™ - DIS2022 3 May 2022




PWWp and pZZp

Jets

e The Precision Proton Spectrometer (PPS) O
pJ>200GeV |n|<25

allows to measure forward (intact) protons >
e Access to the full kinematics of the event! e m,>1126 GeV (triggen
e 100 fb™" of data (PPS in physics status) . |Ar]jj| <13
e Searchforpp—-ppVV —-ppjj, V=W, Z e acoplanarity:
=11-Agp.| <0.01

o Search for VBs decays into single large jets

Protons p//pt* < 13
e MultiRP — better € resolution T, 01 <0.75 (*)
e 0.05< &< gmax

Backgrounds

e Main: QCD multi jet
o Z+jet, W+Jet, tt production

e Diffractive pilup is not well © 180 GeV <M< 1.552.1 TeV My = /36,5
- lower bound by jet tri : _

modelled — data-driven — lower bound by jet trigger €=App/r>p< o
PPS Roman Pots containing Detectors y - E log 6—2

Ol e M Ly —

TAS TAN bty
e e oo Ta

(*) Designing Decorrelated
femn | Tagger. Goal: avoid mass

e sculpting. See arXiv:1603.00027
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pWWp and pZZp - strategy

S i sprea ot e Divide WW and ZZ with cut on:
£ o : cos(7/4) * My "8 + sin(7/4) + Moy oS
Z:: - . .-f- CMS Preliminary 2018, L =52.9 fb™
22T o k Pi g Nomlmegj
vl et ileup background =
o4 T e Use 2D sidebandinm-y ,; osf i
3 plane S o
_1;‘_1'_4"_1'_2' g oy °1-m,/ mpﬁ' - 1.0 o T
1-m(WW)m(PP) o | ypp - yWI >0.5 = 3 ;
Proton-jet matching o Note: both 6 and o are inside =~ 185ttt 0

: : - m(1W] Wj)2/m(p|o)3
e m(VV) =m(pp) =Inthe e and in the acoplanarity

y(VV) =y(pp)  diamond ABCD method |a < 0.01 | a > 0.01
e In the arms one proton is correctly

matched, the other comes from pileup inrectangle | A(SR) | B
Still considered signal out rectangle C D
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27 — 48 (2 = e, u) ex #3

e Produced mainly via qq t- and

137 fb (13 TeV)

; ~ 00 ©° CMS
l(J c?gr:/n)el (~ 90 %) and gg — loop P > 90 GoV < 2000 2V — V)
~ (o) L —o— . -
e No tree-level contribution from TGC | P | >12,10GeV | & [aq—>222y, -
in SM — probe aTGC p,o >7.5GeV § i = gs% I)ZZjZe,t?EW ]
: : =
e Main background: nonprompt In,,| <25,24GeV | G200 VW y
leptons . . AR(i' ) - 0.02 i W Z+X i
o Two CRindatawithaZ + ¢ ’ : - EH-ZZ _
where both ? pass a loose ID AR(e, p) > 0.05 L _
m 2P2F: both fail tight ID 1000— —
m 3P1F: one fails tight ID m(tt) | 60 <m,< 120 Gev i i
o Measure lepton FR in CR with m(tr’) >4 GeV i ]
Z-l-'eloos as p("?Ioose_) '?tlght) B a
o Scale each event in CRs by the Z+{,____region B isF . . : 5
lepton FR — contribution in SR 00se a &
—_y 1 —.—++—.——Q—_._,..._,—.—..... ....... e ++ ............................... -
e Rare backgrounds: ttZ, VVV — o 1 my,- m25| ;1\(/) Gev g 05+ +++ ]
) < e o °t . :
MC . [r)n (2., p.T5%) < 30 GeV 0 50 100 150 200
' Py Lepton P, [GeV]
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e Produced only by qq’ at tree level
e Sensitive to the WWZ TGC
e Sensitive to charge asymmetry

e Reducible bkg: tight-to-loose

e Irreducible bkg: MC (shape) + validation in CRs (norm)
o ZZ (~6% of yield in SR), ttZ and tZq (~3.2%), X+y (~1.5 %)

CMS 137 fo™' (13 TeV) o CMS 137 b (13 TeV)
[ L L L L B L BLELEL L BLELELELE BRI c 10— 7V | c
S S 4| CR-iZ Post Fit | B
(2] [2]
2 [ | 922 - Data Cwz 2
Q X Y24 M tiX 0
T [ tzq [ A% [

Xy Nonprompé

(M qg-2z
XYY Nonprompt

CMS 137 fo” (13 TeV)

-+ Data

2.0

: -TotaISMunc. g
0 60 70 80 90 100

pri{lzi, lz2, tw, Us}

CR-conv

>{25,10,25,—} GeV
>{25,10,25,10} GeV
>{25,10,25,—} GeV
>{25,10,25,—} GeV

'g + 5[] Total SM unc. 'g 15 [20] Total SM unc. 'g
§- 1, — §- 1.0 §-
8 0. 500 1000 1500 2000 2500 3000 8 05 500 1000 1500 2000 2500 3000 g 00 10 20 4
M(WZ) [GeV] M(WZ) [GeV] M(WZ) [GeV]
(M({z1,8z2) —mz|  pT>°  Notag  min(M(€L')) M(lz1, lz2, lw)
<15GeV >30 GeV =0 >4 GeV >100 GeV
<15GeV — =0 >4 GeV >100 GeV
<15GeV >30 GeV >0 >4 GeV >100 GeV
Zy _ <30GeV =0 >4GeV <100 GeV
Alberto Mecca - DIS2022 w14, 14q 3 May 2022
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SMP-18-004 [ EMS/

e Produced via qq annihilation (~95 %), gg-induced loop N Al
(~5 %) and H — WW (background) . DF  SF
e Signature: 2 isolated leptons and large p.™** Number of leptons Strictly 2
: . . Lepton charges Opposite
e Main background processes: tt, DY and W+jets plmax =
o Lepton FR(p,, n) is measured in QCD-enriched data p}mm 520
o Applied in CR with 1 passing and 1 failing lepton mTM >20  >40
e Two analysis: sequential cut (measure o, g Additional leptons SUTEESS
THR My —m — >15
do,/dp,"*) and Random Forest (o,,,, do/dn) L?H 7 o DY
CMS : : 359" (13 'I;eV) CMS : : 35.9fb" (13 Tl'eV) miss
% 200 [ Nonprompt ¢ Data % [ Nonprompt ¢ Data P T, . . K 5 >
e vz \Pred.unc. | 9 o oF vz \\Pred. unc. | frmSSfPfOJ’ ?lss,trac proj ~20 ~20
E 150 " =¥|_v(7125) . E : " =‘p"_v(125) | Number of jets <1 Suppress
E E WW DF 0 jet category .greu-yan E E 100 __WW DF 1 jet category .:;rell-Yan N Number of b_tagged jets 0 ttbar
w100 4w ] DYMVA score — >0.9
i 0 jets Drell-Yan RF score Spy — —
50 . tt RF score Sg — —

Data/Pred.
L

Data/Pred.

b jets: p; > 20 GeV, medium WP

meiss, proj — pl’Ojl(meiss, pTZ, closest)

150

200 250 300
m, [GeV]
Alberto Mecca - DIS2022

DYMVA: developed
for HWW analysis
arXiv:1806.05246
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https://arxiv.org/abs/1806.05246

SMP-18-004

W*W~ — 2*9~ 2v - results [1]

Total cross section measurement with sequential analysis

Theoretical prediction:

Category Signal strength  Cross section [pb]
O-jet DF 1.054 + 0.083 1252+ 9.9 o " °=118.8+3.6 pb
O-jet SF 1.01 £0.16 120 +19
1jet DF 093 +£0.12 110 +15 = S | e
1-jet SF 0.76 £0.20 89 £24 = s ¢ Data -
O-jet & 1-jet DF 1.027 £ 0.071 1220+ 84 © 15 = — POWHEG+PYTHIA -]
O-jet & 1-jet SF 0.89 +0.16 106 +19 - - .
O-jet & 1jet DF & SF  0.990 & 0.057 117.6 + 6.8 -

Fiducial cross section: two dressed e or p in the event with p.. > 20
GeV and |nl< 2.5, m,, > 20 GeV, p;** > 30 GeV and E,™** > 20 GeV
- Repeated for several pT thresholds for the jet veto

0.5

IIII|lIII

T T

[ i Theo. uncertainty

pr threshold (GeV) Signal strength  Cross section (pb)

51

O
1] 1.5 - eo. prediction / measuremen
25 1.091 +0.073 0.836 £ 0.056 = - ' I
30 1.054 £ 0.065 0.892 + 0.055 % a 1} o él
35 1.020 £ 0.060 0.932 4 0.055 ol o5F =
| | | | |
gg 8322 i 88?; }(1)121; i gggg pl <25GeV p <30 GeV pl <35GeV p! <45 GeV pl <60 Gev
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Differential cross section measurement

1/c do/dm, [1/bin]

POWHEG
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Limits on 3 Wilson coefficients

CMS 359 b (13 TeV) CMS 359" (13 TeV)
TV_ LI ‘ T T ] .E T T g
N ¢ Data b 'E 5 [ Nonprompt t Data E
3 L POWHEG+PYTHIA -| & 10 mvz \Pred. unc. 3
L ] T ww Hwy ]
n ] Q10 e Cyp/A? = 32 TeV2BH(125) 3
a ] w e e c, /A2 =49Tev? 1
= B 10 e A?=15Tev?  [Drell-Yan

Theo. uncertainty
[ @ Theo. prediction / measurement

Events / bin

35910 (13 TeV)
T

T
INonprompt ¢ Data
Bvz N Pred. unc.
ww nwy
<Gy /A? = 3.2 TeV 2 [lIH(125)
----- c, /A’ =49Tev? 1
"'CB/AZ =15 TeV? [ Drell-Yan

¥ [
3 w E 5 15 g
102 . 2 o
mX[GeV. o o
p;"*[GeV] 5 1 5
1 [ ]
S—Mv§ T L — i B 0 05 ! | I I I L o 05 L L L L
3 1 200 400 600 800 1000 1200 400 600 800 1000 1200
3 # Data . m, [GeV] m, [GeV]
- £ POWHEG+PYTHIA | " "
n cms sewlusTn - CMS sew' 13Ty - CMS 359" (13TeV) wF
i [ Gt 6% G106, - 95%. 6L 006, ] 3 20 oo " 8% CL Obs. - 95%CL Obs. ] % Oy Gosanea " 68% CL Obs. - 95% GL Obs. q Z/y
I A Exp.forSM «+++ 95% CL Exp. = A Exp.forSM — 95% CL Exp. = A Exp.for SM — 68% CL Exp. - 95% CL Exp. Owww,Ow,0p
B < o 5 -
i F 4 10k 1=
- S & q w*
0 0 Cwww n
' _ v, :
E- o Thao.preoion messurement E (@] WWW = A2 WI‘VW pr ’
POR— . ] 10~ - -10- ] w "\t v
E E - 1 Ow= E(D ) W;W(D @),
| I !
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