CZ 2% Fermilab

Measurement of Triboson Production and
aQGCs i CMS

Mia Liuw
~NAL
Auqust.27.2019
Mulkiboson Inkeraction Workshop



) M.LIU
2= Fermilab

Physics motivation for triboson

o 5tringent|9 tests of SM Symmetry structure:
sSUQ)xU®.

e Accessto quartic couplings

o EXtFCF”ICIH rarc PVOCCSSCS: NCW PI"IgSiCS mag

manitest themselves easilg in these processes
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Summary of triboson analyses in CMS

Process Dataset Measurement/significance

( JHEP\QV(\)/\ZQ%\QVH 072) 8 TeV/19.7tb-1 2.6/5.9 o (~ a few fb-1) Yes
WVy

(PRD 90 (2014) 032008) 8 TeV/19.71b-1 X Yes

A 13TeV/36 fb-1 1.78/0.6 Yes

(PRD 100 (2019) 012004)
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Summary of triboson analyses in CMS

Measurement/ . .
Process Dataset significance clelcle S Lh&“h@.i’s o h%b’s

F@kaﬁcmsz

Wyy/Zyy
(JHEP 10 (2017) 072)

8 TeV/19.7fb-1 2.6/5.9 0 (~ a few fb-1) Yes .
@ No rabe Loss due

to branching

WVy .
(PRD 90 (2014) 032008)  © 18V/19.7Tb-1 X ves fraction
WWW ® First evidence /
(PRD 100 (2019) 13TeV/36 fb-1 1.78/0.6 0 Yes
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Summary of triboson analyses in CMS

WVy—>W(IV)V()j) + v

Measurement/

Process

Wyy/Zyy

Dataset

8 TeV/19.7tb-1

(JHEP 10 (2017) 072)

WVy
(PRD 90 (2014)
032008)

WWW
(PRD 100 (2019)
012004)

8 TeV/19.7tb-1

13TeV/36 fb-1

significance

2.6/5.9 o (~ a few

fb-1)

1.78/0.6 0

Yes

Yes

Yes

Events / 42 GeV

Data/MC

CMS JLdt=19.2 fb! (s=8TeV
.0 LA LA L L L L LN AL B LR
10 = —¢— Electron data B jets — vy =
- LKLY MC uncertainty - multijet
103 = SM+axV/A2=50 TeV? Zy+jets =
10°
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107" E
107 g
3E ¢ -
2F T =
1:I¢II+II+IITI+I IIIIIIII IIIE
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Photon E; (GeV)
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Summary of triboson analyses in CMS

Process Dataset Measurement/significance aQGC

| © Todays focus |
8 TeV/19.7fb-1 2.6/5.4
© First attempt in CMS |

8 TeV/19.7fb-1 X

Wyy/Zyy
(JHEP 10 (2017) 072)

WVy

(PRD 90 (2014) 032008) Yes

- ™ - /.. _ - ™ - /. = - o b 2= _ e ™ - /. _ - ™ - /. _
" —7- o - NPT 3 2.9 o g -  —- o - - P - RPNy SN P " R - - P o .9 o g R T e - NPT - nr: " —7- o

WWW
(PRD 100 (2019) 012004)

13TeV/36 fb-1(2016) 1.78/0.6 0 Yes

psma g e gD LTl )\ ST e o Al . _psma =, O A~ e R T ) ST e o AR gD o e o G e A ¢ _p B

® Resulted being updated with full Run 2 data (137 {b-1)

& CMS Sktandard Model Publications
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\YAVAY/ pro duckion

o 0.60
Ko ~0.51 pb = Oves-wz
S
= 0.45
2 ~0.35 pb
N
gé 0.30
O
=
S 0.15
< ~0.1 pb
~0.04 pb
0.00 N L)

WZ/Z LLL
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W pro duckion i Ehe SM

q /
< q )
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FIG. 1. Tree-level Feynman diagrams for WWW production.
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ensitive to BSM conbributions
W
q *
{8 New
Physics W
q
-
anomalous
couplings coming from new physics beyond our kinematic

reach

9
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wFermilab L jWw: the “measurable” part is small...

Large BR BKg. xseC
WWW decay BR A |

|
44° Large W bkg. O(105) pb
I

|
OS |
6%
Am > Small bkg.  O(1) pb

Large tt bkg. O(103) pb
34.3%

Sig. BH Small bkg.
All hadronic

Target same-sign 2 lepton and 3 lepton final state :< 10 % of the total

10
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w Qv

. Oy Split bj lepton fLavor

Variable ? eteT ety wE

~"~— TN S A A RS O Ay R e L e e P N T O e 2 tlght Same Slgn leptons Wlth pT > 25 GeV T ey s . 
Additional leptons No additional rejection lepton i
Isolated tracks No add1t10nal 1solated tracks

OV R I EIS <Al Ws Ase 8. Lo _fosBa SEAdE I D A - Ach B Lo  DSEa g —pae- SR VBT o) & S5 A LE A a2 == Apin 8- Lo _f:sBa S 1 el A . - IO N ir g oo B¢ Lo b
— o T BN B P RR R SN Y. 27 = N Ty N S g/ = ST — D T o —

"AL least two Jets With pp > 30 GeV, 1] <.

; b tagged jets veto top backqgrounds No b-tagged jet
m;; (dijet mass of jets closest in AR)'T‘ 65 < m;; <95 GeV (m;; -in) OR
aq haciromwauv

im;; — 80 GeV\ > 15 GeV (my; -out)

mJJ (dijet mass of leadmg jets) <400 GeV

clea&vchg

- £osma = Aa o Na o - " . 7. g pesBa DI T Sy Py o~ o an o " . Zes AR
praia G 23 - Az _A¢ pamy - - > G O - Ars_S¢ =

pTISS V\QM&T‘LV\OS '. e |. 6 >6() e 1 m _Out

i
iy reject Low mass resonanks >40 GeV >30 GeV >40 GeV

Myy aqainst charqe flip imyy —my| > 10 GeV

my refeck WZ(3 lepton) >90 GEV
T
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cateqorized bv number of same-flavor opposi;%@. Stgi pairs

S P PV S P N R P S G- S P = S P P S P P P S S P NPT S P SR Sy S o B PSS P W Sy PP P P S = S e o o

§ Variable 0 SFOS 1 SFOS 2 SFOS

fSignal leptons 3 tight leptons with pr > 25/20/20 GeV

! and charge sum = *1le
f Additional leptons No additional rejection lepton

f Jets At most one jet with pr > 30 GeV, || < 5

b-tagoed jets. Domlnatlng background 3L WZ JNO . taggTed jets 'l
D el ‘ SN N €\ A RN | B €73 VAR
Ap(Pr(C20), ™) >2.5

pruiss >30 GeV >45 GeV >55 GeV

myp " >90 GeV x

m: xE >90 GeV

SF lepton mass >20 GeV ce

Dielectron mass m,, —my| > 15 GeV

MgSFOS T imspos — mz| > 20 GeV imspos — mz| > 20 GeV

and mqpos > 20 GeV and mgqpog > 20 GeV

Mepy meee —myz| > 10 GeV

12
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lost-lepton non-prompt

ry )] I
vV [ ' b

e 2-lepton channel (same-charge)

WZ—-3¢ w/ a lost lepton

3% Fermilab Backgrounds overview

CMS 35.9 fb™ (13 TeV)

35 | | | | | | | | .

E Irreducible .Charge misassignment = - WWW (stacked) E

30 :_ Lost/three leptons y—lepton + Data -
o5 f_ Nonprompt leptons QTotal uncertainty f
20F i E :
15 : : -
10 - I ' v :
5 oo RSP — oo -

eiei ei Mi ui Mi :

i
ﬂ

e'et eur pwpr '0SFOS 1SFOS 2 SFOSI

' m.-in p,<¢—— m,-out —, ¢ Three leptons

Signal regions
13

tt— 17 + non-prompt lepton

W=W= / ttW

e 3-lepton channel

WZ—-37

tt—2¢ + non-prompt lepton
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Rackarounds: WZ

CMS Supplementary 359 fP'1 (13 TeV)
- y = | : B
B - Charge misassignment : -
i Nonprompt leptons ! -
- _ost leptons E _
- rreducible | mgpos — my| < 10 GeV_
— ¢ Data ! _
N x| Total Uncertainty : ‘ -
—  Mjj bins combined | =
i g . -
e | I |
eve” "1 Ll 1 SFOS 2 SFOS
= 9 :
M‘W*V*/*/*ﬁ\*V*/ﬂ amt e\t el A e\t Ny b /o A’\-ﬂw&/ﬂ p— o s ol ..\__.é

Lost-lepton and three-lepton background control regions

 Lost Lepton/aL: WZ, tY with 3

real leptons —» dominating
o 30% to 90%

Control region in data: three
Lep%am evenks.

Ex%ro\[paiaﬁed to the signal
region with transfer factor
measured i sinulakion
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6
x10 CMS Preliminary

£ skinate No&wpromp% L@.pﬁoms

35.9 fb' (13 TeV)

/ﬁ\

4 \

y. \
/] \
, 4 -

¢

Events

Data
DY
W
QCD

Q /50 100

|||||||||||

150 200
m; [GeV]

7@ Measure “fake-

factor” from one
lepton data events

Single lepton triggered events

Sample of fake

leptons from one

lepton events

|

B

measure

|

“Fake-factor” =

Tight

Loose

non-prompt
v 1] Ik

15

!{
'U‘

)
o

Y 4|
,

L
3
&
3
o
v 9|
,

A
¥
P

Isolation o

M.LIU

most challenging,
Poarbj modeled in
MC, needs full |
data-driven
estimate

° Stepl: QCD
enriched W
enriched region—|
> tight-to-loose |
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6
x10 CMS Preliminary

35.9 fb' (13 TeV)

/ \
/] \
/ au A\

¢ Data

———— ...’.°,'-r-++r'1
100

150 200
m; [GeV]
CMS Preliminary 35.9 fo' (13 TeV)
¢ Data y—lepton
B Charge mis-id  Non-prompt
Lost-lep/WZ Irredu.

— WWW

\-,,‘*._-.

7 @ Measure “fake-

factor” from one
lepton data events

M NS

Tight+loose Signal bins

apply fake raf

4
oo £ | |irreducible
20 f— lost/three leptons
18 ;_ non-prompt leptons
16 -
14 =
12
10 &
8 pmmm s
" e DO
%A%
e 777
() S S —
etet  etut .

Sample of fake
leptons from one
lepton events

measure

|

$“Fake-factor” =

4 W

Tight

CMS Simulation

Isolation

35.9 fb' (13 TeV)

[

. charge misassignment

y—lepton

total uncertainty

- = WWW (stacked)

M.LIU

£ skinate No&wpromp% L@.P&)ms

o Step 2: Tight-
to-loose rabio
&F'F?Liﬁd to
signal regions
(2 le Z ton
events)

e —

—> folke estimakes
U sighal region |
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6
x10 CMS Preliminary

M.LIU

£ skinate NOM“PTOMPE L@.PEOMS

35.9 b’ (13 TeV)

3

M I\

)
c ﬁ\\ ¢ Data RIS
O \ e TN
S /a N DY Sample of fake -\ |
LI ‘ W leptons from one measure 3
QcD lepton events l
A i
“““ @ Measure “fake- [ .
factor” from one § Fake-factor” = ;
\\\\\ lepton data events | § ]
/50 100 150 200 Tight Loose |solation
m+ [GeV]
CMS Preliminary 35.9 fo” (13 TeV) CMS  Simulation 35.9 fb” (13 TeV)
2. Z 4"5’ 24 | | | | | | | | -
qc) 120 ] $ Data y—lepton Q@ o290 f_ irreducible .charge misassignment - - WWW (stacked) _f
4 L — -
Lﬁ - B Charge mis-id  Non-prompt 20 = [[]lost/three leptons y—lepton =
100 7 Lost-lep/WZ Irredu. 18 = |_|non-prompt leptons total uncertainty —
] — WWW 16 . . —
a0 e :
i 12 SR . 35888 ! —
: * 8 :_ ______ - W _:
40 t\\\ . nE DO =
N RNNNRRNNN m 1 ) - !N LLEE _:
20 - ;;'\'\*\'\'\4 S TI m es fa ke rate %W:E—%— _E
O =t | e - e*er et wsuE , ete*  e*u* w=u* ,0 SFOS 1 SFOS 2 SFOS

Tight+loose Signal bins

* Large svs%emaéw
uhcertainties
associated |
(50%-100%)

e MC closure.
Falee ratbe
measurement
statbistics...

e Need ko suppress
Ltk as much as |

| I
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Reject Nom-promp% L@.pwms withh tsolakion

§ Non-prompt pu
Jet (R=0.4) from jet neutral

hadrons Photons

Lepton

charged
hadrons

Isolation cone
(AR =0.3,0.4)

2 PF cand’s Pt in the cone — PU
ISORgl =z ———™™@™@M@8M ™
Lepton Pt

18
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Lepton
neutral y charged

hadrons Photons hadrons

|
|
|

3.5 X background rejection for muons

M.LIU

isolakion definition

2 PF cand’s Pt Iin the cone — PU

|SORel =
Lepton Pt

Svwaller cone-size: ©.4—>0.3

h@.&vv fLavor d@.caj (B-D-o2 Lep&oms
+ X), one of the leptons is selected |
as our qood i.ep&:w

)

compared to CMS official recommendations

19
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SM Resulks

CMS 35.9fb" (13 TeV
35 | | | | | | | |

Irreducible .Charge misassignment - - WWW (stacked)

v

©l7% O (&xpe&&ed}/@é o observed 30

with 2016 dataset 05
® Amatvsis s&a&&s&&&att? Limibed,
with luminosity scaling:

® 2016+2017(~Vgofb-1): SS 170, |~ 15

Lost/three leptons | |y—lepton ¢ Data

Nonprompt leptons ‘QTotal uncertainty }“

20

Events

3L 1950 10 I _
¢ Comparable to ATLAS - o ' ‘ :

e Run 2 (137 fb-1). V37 o RS t-faad
O%QQ@%—-——'  — 1

| etet e*u* pus b oetet etut  prut SFOSI|1 SFOS 2 SFOSI
— mjj-in — — mjj-out —p, <4 | hree leptons —!
| Signal regions

20
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FTETEEM results: aQGC and Axion-Like particles

CMS

Supplementary

35.9 b (13 TeV)

> —
Ii) - Il WWW signal (SM)
Al _ I VH, H — WW
S - Irreducible
*UE) 102 & Nonpzompt Iepton_f
o - —— f /A" =-2.0TeV
i - ¢ Data

10 2;*29{ >

107"

Mjj cut ciropped

III|III

B Charge misassignment .
y — lepton _
Lost/Three leptons

------ fro/A*=-1.0 Tev™*

Total uncertainty

I IIIIIII| I IIIIIII| I IIIIIII|
1/, [TeV]

0.5 1 1.5 2

2.5 3 3.5 4 4.5 5

S, [TeV]

Anomalous coupling  Allowed range (TeV %)

Expected Observed

fro/A*
fri/A*
fro/A*

[-1.3,1.3] [1.2,1.2]
-3.7,3.7] [-3.3,3.3]
-3.0,2.9] [-2.7,2.6]

21
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Wj:
W:F
W
CMS F ] 35.9 fb' (13 TeV)
BERARERERREEE AR RN RN RN R

----- Median expected
- I 68% expected
n 95% expected
- QObserved

250 300 350 400 450 500 550 600
m, [GeV]

M.LIU
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2 Fermilab = 0.60
= ~0.51 pb = oves-wz
S
= 0.45
8 0.35 Db ® Cross section includes
n ~0.35 p . |
. Higqs prodw&mv\
%
3 0.30
O
>
S 0.15 -
> 0.1 pb
~0.04 pb

& Access ko mmr@i&k&ets with full Run 2 data (137 {b-1)

® S%av Funed!

22
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e | HC Run 2 data Provicles unPrececlented oPPortunities for stuclging tri-

boson processes.
e [rst atteml:)t to measure WWW with CMS 2016 data.
e Full Run 2 results in Pipeline. Possibilities to include 5ignatur<—:s withjets.

e We've collected onlg 5% of the LHC data. New oPPortunities to stucly multi
bosons with incoming | HC /HIL~1L.HC datasets:

— Precision measurements. Higgs mediated vs non~Higgs mediated

Thanks!
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