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. CMS
: Overview P

uce Soknod

® |3 TeV Results
® Scalar decays to: Yy, ZZ — 4¢

® Different choices made for low-statistics 2015 data CMS 77 HIG-15-004

L L CMS yy: HIG-15-005
o ]
CMS:“Run |-like” event categorization ATLAS 77 CONF-2015.059
® ATLAS: count in single category, cross section ATLAS yy: CONF-2015-060
ATLAS xsec: CONF-2015-069
measurements

® Yy + MET ATLAS: CONF-2016-011
® h* = hh — bbyy ATLAS: CONF-2016-004
® h* = hh = bbTT CMS:HIG-15-012,HIG-15-013

o 8TeV:WW differential measurement CMS:HIG-15-010 @1,1, Z’Od
Q)/./
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® Excellent mass resolution: Yy, ZZ — 4{
® |arge cross section:WW
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£ ZZ* — 40 .

® Two same-flavor, opposite-sign lepton pairs
® ATLAS Selection
* e (M) pr(Er)>7(6) GeV, |n| <247 (27)
® |eading 3 leptons: pt > 20, 15, 10GeV

® FSR Recovery: add at most one photon to
“improve” m¢y, priority to photons close to
the leading dilepton

® CMS Selection
* e (U)pr>7(5) GeV,|n| <25 (24)
® |eading 2 leptons: pt > 20, |0 GeV

® FSR Recovery: attached to closest lepton
® Signal extraction

® ATLAS: Z mass-constrained kinematic fit,
fiducial cross section for | 18-129 GeV

® (CMS: kinematic discriminants (118-130 GeV)
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ATLAS

EXPERIMENT

Run Number: 280862, Event Number: 53564866

Date: 2015-10-02 16:24:44 CEST
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@ Backgrounds

Events/4 GeV

. . . CMS Preliminary 281b" (13 TeV)
® Main background: non-resonant ZZ* (irreducible) > T
O 60:_ Control Region 3P1F _
® Simulation shape prediction S 5o e Data 3
; - 1 Z_+jets 1
® Normalization checked in m4( sidebands S 400 — Nl E
TR e ytZzz ]
® Smaller reducible backgrounds: Z+ijets, tt 30 -~ 2P2F contribution -
® Measured from control regions 20 g
® ATLAS: inverted do cut and isolation o E
: of : :
® (CMS:2 methods give good agreement 100 200 300 400 500 €00 700 800
m,, (GeV)
CMS Preliminary 281" (13 TeV)
10 e B L BN ELELIL ] %) LIIIIIIIJ > LN IR IR IR I IR IR
- ATLASPreliminary ¢ ?:::I : $ 10° ATLAS Preliminary - Data - 8 600 -
33 Inverted d, CR ft E T - ee/upn + ee At 7 o - Control Region 2P2L__ -
3o:_ 13Tev,32f" ... Z+heavy E 10°E 18Tev, 821" 77 f (light jets) = N oL —e— Data N
. - = . Y (photons) ] ; r P Z + jets
o5F (L — aheavy flavou) | g ¢ B+ jets :
! © 400 . Wz E
20 10 ] * N T B Oy zzZ 1
150 e
10# : :
- 107" =
O E -
EJJLIJALJ-‘-%L -------- s ||||.|.'1'-.--p.:. 10—2—”!11 11111111 Lovwn b v diiy |1|||—
50 60 70 80 90 100 05 0 05 1 15 2 25 3 35
100 200 300 400 500 600 700 800
m,, [GeV] gL m,, (GeV)
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Events/2.5 GeV

m4; Distribution

28" (13 TeV)

16 TT T T[T T[T T T[T T T[T T[T T T T[T T T[T T [TrITT CMSPre/iminary
N . ¢ Data i > T [ T T
- 5 . 7z - < 14
- H— 22 _1) 4l B Z+jets, tt . ; B
12 ~ 13 TeV,3.2fb tt+V, VVV ] = .
- 777 Uncertainty - o 12 N
i ] L .
10 B 10
8 ] 81
-7 : : g
6 N n 6
4 - 41
2 21
0 0k
80 90 100110120130 140 150 160 170 80 100 120
m,, [GeV]
Final state Signal Signal zzr Z +jets,tt  S/B  Expected Observed
full mass range ttv,vvVv, WZ
AT LAS 4u 1.79 £ 0.21 1.67+0.20 0.64+0.06 0.08+0.03 23 239+0.21 1
2e2u 1.19 £ 0.14 1.06 £0.13 044+0.04 007+003 2.1 157+0.14 1
| 18-129 GeV 2u2e 1.07+£0.16 096+0.15 034+005 0.09+0.02 22 140+0.16 2
4e 1.01 £ 0.15 0.88+0.13 032+0.05 0.09+£002 2.1 130+0.14 0
Total 506060 457+054 1.74+0.19 034+0.06 22 6.65+0.58 4
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281" (13 TeV)
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CMS: Signal extraction

,CMS Prellmrnary 28" (13 TeV)
5 g) |'- T ] IIIIIIII I TirorrT I LB l TirrrT I LI E 0'12
= + de ]
0.9 o4 |
- —h— = 2e2u |
0.8f =l s
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- J=0.08
0.6~ -
0.5;— . " —; —10.06
0.4 -
0.3F B 4700
0.2F —
= b4 L 7 -—0.02
0.1 N
:l Ll I Ll L1 I Ll Ll I Ll ’ L l Ll L 1l I_l L IJ_AL-E _o
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. CMS Preliminary 281" (13 TeV)
E |_ T I L I A | l 11T [ LI I UL I TirrorT l 1T _‘
0.9 N 3
- - ;:2;;. 4=o.12
0.8;— =
0.7} E| Y
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® PBottom:

® TJop: kinematic discriminant

between signal and background

kinematic discriminant
to identify VBF-like events

® Define 6 channels:

® 4e,2e2, 4
® VBF (Djec > 0.5), untagged

£2D(m4erbkg) E(m4l)£(ptl;1i?g|m4l)
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CMS

@ CMS: Signal extraction . |

uce Soknod

S Preliminary 2.8 fo' (13 TeV) ® TJop: kinematic discriminant
' ! | ! | between signal and background

111

|| IIHO
|2

® Bottom: kinematic discriminant
to identify VBF-like events

| illllll

® Define 6 channels:

1072 3 E ® 4e,2e2p, 4
i B ® VBF (Djec > 0.5), untagged
-3 ]
10 - ® Observed (expected) at 125.09
- - GeV:2.50 (3.4 0)
10"4EF — Observed 4e =
-~ —— Observed 4u . H = U/USM — 0-82__F8:Z§
[ —— Observed 2e2u | . 10.62
10°° —— Observed combined Untagged: 0-89 4

| IIIHII

L1l lllll"

VBEF: 0.00+1.67

------ Expected ~0.00

| | | I | | | l | | | l | | | I | | | l | | |

118 120 122 124 126 128 130
my (GeV)  Lop(my, D) = L(ma) LD |ma)
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CMS Preliminary 2.7 (13 TeV)
> LT T 171 | I. T T T | T I. T T | T T T T T T T T | LI | T T T T
8 " Analysis selection i
X 4000_AII categories ]
2 - — H—yy(m =125)x5 By
s | O jet et jet -
“ 3000 —4 Data -
2000 . .
[llustration -
1000 .
100 110 120 130 140 150 160 170 180
m,, (GeV)
> LI I L B B L R B DL B BB BB BELBNLENL
(\9 A . ATLAS Preliminary:
s [y, Data-driven  &_iarevazn
o . B
i 1000_ ++++ EIYY
I +++ E=1 y-jet
i 44 44 2 jet-jet
] +++++ ¢ stat. [ total
500/ Yoalty -
B + ++++++ i
Poeptengs i
0‘;1

50 T 760
m,, [GeV]

Maximize Signal-to-Background using mass:
myy? = 2E1Ex(] - cosAQ)

Events / GeV
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Photon energy resolution

Correct vertex identification

x10°  CMS Preliminary s=13TeV,L=221b"

__IlllllllllllllllllllllllIllllIllll'IIII_

ECAL
Barrel-Barrel

| ESuperCIustcr -
corrected -

__ =SuperCluster -
Eraw B

E

5x5 crystals

III]]I]IIIIIIIITITIIIITT[TTTI

1 111 I [ [P ok | II 11 11 Il 111 l | F] [ | !I

llllllllllllxXx‘! |

80 90 100 110 120 130
m(e‘e’) [GeV]

i
60 70

o

S.”Zenz - Scalar to Bosons - Moriond EW - |16 March 2016

|0



CMS

@ Vertex ldentification oz

uce Soknod

® ATLAS: MVA using 2p7% 2pT of vertex tracks, diphoton balancing with vertex
tracks, trajectory from calorimeter segmentation

o CMS
® MVA using Zpt? diphoton balancing with vertex tracks
® Estimator of correct ID probability propagated to photon categorization

® More details: |. Kucher’s YSF talk last night

13 TeV
> I I 1 I I I 1 I I 1 I I I I 1 1 I 1 ] I I 1 I I I I E 1 '1 | _
NS B - = C CMS H—vyy (mH =125 GeV)
1_ Y . H o "~ Simulation Preliminary <PU> =11
e = : v P e ae
0.8 T, ] — . ™
Th & — > . 2 09 [ y
o o — | ,?]" ' a .
B +=l=:*: . N 08— &
- ATLAS Prellmlnary . s - 4
0.4 (8 =13TeV, 321" - S 07 u . " True vertex efficiency
- - © v .
. m Data Z — ee, ignoring lepton tracks | © ) y Average vertex probability
0.2~ e MCZ - ee, ignoring lepton tracks ] L 06 n
[ v MCH - yy (ggF), m =125 GeV ] -
O B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1— O 5 B L 1 1 1 | 1 1 L L | 1 1 1 1 | 1 1 1 1 | 1 Il 1 1
0 5 10 15 20 25 0 50 100 150 200 250
pl' (GeV)

Number of Primary Vertices
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Photon ldentification

CMS

Muce Soknod

0.98
0.96
0.94
0.92

0.9

Photon identification efficiency

0.88
0.86

0.84

® Both experiments: set of variables reflecting the expected shower shape and
containment, key variables corrected for data/MC agreement

® ATLAS: high granularity first ECAL layer for TT° discrimination, cut-based ID

® CMS: MVA combining shower shape and isolation variables

T ] 1T I L l UL I L I L I LI I L ] LI

ATLAS Simulation Preliminary
o @ @

+

|IIIIlIl

S
—— L
e m—
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e 2

—= H-yy (9gF), m =125 GeV, Vs=13 TeV

IIIIllIlIIIIIIIIIIlIIIIIIIIIIII

* = EF <0.065 x Ey, ET° <0.05 x Ey
« Converted
- = Unconverted

IIIIIIIIIIIIIIIII
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CMS Preliminary 2.7tb" (13 TeV)

¢ Data
———— H-yy (M =125 GeV)x10°
i MC background+stat.uncert.

UL BLRRLL
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T T
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1 IIIIII[
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LI IIIIIII

102 ———"" "

1 IIIIIIIAJ
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1

Photon ID BDT score
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. CMS: Event Categorization |
® Use vertexing, photon information,
kinematics to produce classifier that o p
indicates the expected diphoton CMS Preliminary 2.7 fo (13TeV)

lllllllllllllIllllllllllllllllllllllllllllllllll

resolution $Data Simulation background SM H->yy, m =125 GeV

® Divide events into 4 categories Eie; ejft =3%T:
based on output of classifier 108! =1 7 VH

Events_/p.OZ
<

. : S\ MC stat. uncert. ttH
® Additional categories: —

104
® TTH events require a b-tag and:
3
® |epton + =2 jets;or 19
® >4jets 10?
® VBF events tagged additional, 10
similar multivariate discriminator
(2 categories) 1
° ' ion: -
ognal mode resolution: |.2>-263 101 m
€V depending on category 0 0102 03 04 05 06 07 08 09 1
® Inclusive: 1.94 GeV Transformed diphoton BDT classifier score

® ATLAS inclusive: .68 GeV
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Background Model

L
XPERIMENT
® ATLAS: templates from YY, ¥-jet, jet-jet background
® Normalization from data-driven measurement
® Number of signal events in fit to background-only samples used as bias estimate
e (CMS: discrete profiling method
® Range of functions considered that fit background well
® Choice of function made by signal fit, bias accounted for by other possibilities
— 100 . CMS Preliminary 2.7 fb" (13 TeV)
2 - ATLAS Preliminary 5= 13TeV, 32 16" > Oy T T T
p N S = ev, o. _ QO —>YY 3
c 2 ~
s popgd O 2OE me12500Gev, im0y o999 :
S 80— . e b = o 180 ¢ Data E
L [~ i ‘g 160 —— S+B fit sum =
- - > 1wl e B component
60— Cdvy 4w \ . E
i (=] v-jet i 120 \ 20 =
: [ jet-jet . 100 ! - E
40__ ¢ stat. (total | 80 X E
L . 60 o * _;
20 | 40 £ 530 ¢ .. =
i 20 LY 5 ’s
nlllllllllllllllllllllllllllllllllll.lll
0 10 150 130 140 150 160 100 110 120 130 140 150 160 170 180
m,, (GeV)
m,, [GeV]
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Inclusive myy Distribution

CMS

Muce Soknod

data -

-100

110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

pp—H—yy

\s=13TeV, 3.2

my, = 125.09 GeV

e data
— S + b fit
- - - background, b

IIIIIIII I IIII|IIII|III

-
.
.-
3
- -
-
lllllllllll 1 lllllllllllll

S/(S+B) Weighted Events / GeV

CMS Preliminary

2.7 b7 (13 TeV)

lll]llllllllllll

. H—>
1000{—m,=125.09 GeV, 3=0.7

VY

BAELELELE BUELELEL BUBLBLELE T
~ All categories summed
S/(S+B) weighted sum -
¢ Data .
— S+B fit sum E
------ B component I
1o -
[ ]+x20 ]

7IIIIIII

PR |

" B component subtracted

lllllllll

b

120 130 140 150 160 _ 170

18
m,, (GeV)

® Both experiments: fix mass to Run | measurement, much more precise than

constraints from Run 2 data

® CMS:sum over all categories, weighted over S/(S+B)

0
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@ CMS: Signal Extraction

® Profile likelihood fit yields:
® Observed (expected significance at 125.09 GeV: |.70 (2.70)
e 1=0.69"2% @ fixed 125.09 GeV

-0.42
- - -
CMS Preliminary 2.7fb7 (13 TeV) CMS Preliminary 2.7tb” (13 TeV)
m _T l T I LI ] LI I L l T i 1 l LI I T l L ] L I T_ I ' ' I | I l ' ' ' I ' ' ' I I ' ' ' !
2 | Hoyy : H->vy = Combined = 1o
g i _ . _
(')_ 5 : Untagged 0 —— Per category = 1o
o S i NG 7 N A D - _
S 10" c T usn
3 10 - ] Untagged 1 SM
a R — ~ +0.47 ]
: : Untagged 2 u= 0.69 -0.42
I N W / S ] B m,, = 125.09 GeV
B 20 Untagged 3
— Expected | —
102 |~ ___ Expected = VBF Tag 0
- m,=125.09 GeV -
[ —  Obsarved i VBF Tag1| | =
i : i - B
. : - TTH Tags i :
l I L1 I L1l I L1 1 I L1l I |_m | I L1 1 l L1l l L1 1 l L1 1 I | I | | l I l I | | | I | | | l l l | I |
116 118 120 122 124 126 128 130 132 134 D 0 5 4 6 8

m, (GeV) "
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@ ATLAS: Cross Sections

QO - r | | | ]
® Fiducial cross section extracted 5 09 Sratation - inary $rousive Lo -
for ATLAS yy and ZZ S 08F hor ot O -
3 C C=05271+0.0045 +2u2e ae -
® Both measurements e —o— E
extrapolated to total cross S osf E
. . e - —O0— .
section & combined S s, — — | E
N N 0-4:_ - - ' s _#__—_
O_tot _ S O'ﬁd S - | I .
S A.C-B-SL 4 ‘ 03
A-C B le C . -Eint ggF+bbH  VBF WH ZH ttH
7TeV 8 TeV 13 TeV
Acceptance factor
H — vy 0.620 + 0.007 0.611 & 0.012 0.570 & 0.006
H—ZZ* > AL 0.467 & 0.010 0.460 4 0.010 0.427 4 0.006
Fiducial cross section [fb]
H — vy 49 £ 18 43 £ 10 B
H— ZZ* - 1491455 2.1+0.5 06855
Total cross section [pb]
H — vy C i 305, 40754
H— Z7* - A 337 37+9 1213
Combination 34 + 10 (stat.) 75 (syst.) 33.3723 (stat.) +}§ (syst.) 24170 (stat.) 1? (syst.)
LHC-XS 17.54+1.6 22.3 4 2.0 50.9757
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; ATLAS: Cross Sections

® Fiducial cross section extracted
for ATLAS Yy and ZZ

® Both measurements
extrapolated to total cross
section & combined

ire) V17— LA L S L S B L
= 805— ATLAS Preliminary — G,y My=125.09GeV

? E A Hoyy O H-ZZ*—>4 QCD scale uncertainty

b& 70;— ¢ comb. data syst. unc. Bl Tot. uncert. (scale ® PDF+a,)

10F Vs=7TeV, 45fb" :
= Vs=8TeV, 20.3fb" E
O_tot — Ns o_ﬁd — N S g {s=13TeV,3.2 10" ]
— | —-— ‘ _1-lllllllllllllllllljlllllllllllllllj
A-C-B-L 4¢ . S 7 8 9 10 11 12 18
nt C -Emt Vs [TeV]
7TeV 8 TeV 13 TeV
Acceptance factor
H — vy 0.620 £ 0.007 0.611 £ 0.012 0.570 £ 0.006
H— 772 — 4 0.467 £ 0.010 0.460 £ 0.010 0.427 £ 0.006
Fiducial cross section [fb]
H — vy 49 £ 18 43 £ 10 B
H— ZZ* - KR 2.1+0.5 06855
Total cross section [pb]
H — vy 35715 305 4075
H— ZZ* > 4 338 72 12t
Combination 34 + 10 (stat.) T3 (syst.) 33.31235 (stat.) T1:] (syst.) 24170 (stat.) 1? (syst.)
LHC-XS 17.54+1.6 22.3 4 2.0 50.9757
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[ ] CMS §
@L% CMS ZZ: Cross Section |
0ha. = 2.487175(stat.) T0 28 (sys.) T0.04 (model dep.) fb
pt > 20 GeV
Oha = 2.39 fb pr > 10 GeV
= B ST (7 Tev), 197 17 (B TeV), 28167 (13 TeV) pt > 7(5) GeV
= CMS Preliminary ] In| < 2.5(2.4)
o S f Data (Slat. © sys. tne) B Isolation < 0.4 - pt
I e E 40GeV < m(Z;)< 120GeV
R Standard model (mH=125 GeV) N 12 GeV < m(ZZ)< 120 GeV
3l E AR(¢;£;) > 0.02 for any i # j
' : m(£07) > 4GeV
o[- 7 105GeV < myy < 140 GeV
ks pp = (H —=4) +X -
O:rn|||||||||||||||1||||||||||I||||||||||1 -
7 8 9 10 11 12 13 14
/s [TeV]

7+8 TeV: HIG-14-028 accepted for
publication in JHEP
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@ Cross Section Comparison

5.1 o' (7 TeV), 19.7 fb” (8 TeV), 2.8 fb™' (13 TeV)

- 6 LI I LI I LI I B | I L I LI I L l LI I L I LI
Q B .. _ a Ve 7T T T T
= CMS Preliminary 1 = sof. ATLAS Preliminary — — o, m,=12509Gev 3
6‘: S ¢t  Data(stat ® sys. unc) — % 3 AHoyy & HoZZ*—4 QCD scale uncertainty -
B = Systematic uncertainty ] b% 705— ¢ comb. data syst. unc. Bl Tot. uncert. (scale ® PDF+a.,) _E
4 [ Model dependence ] 60 /—:
Y Standard model (m_ = 125 GeV) ] 501 /;
3 1w
E - 30F
20 — 20F :
1 B i 10 Vs=7TeV, 45fb" T _
- — 0 Vs=8TeV, 20.3fb" =
- pp —(H —4l) +X - Vs=13TeV, 3.2 fb"
0 :I' L1 I L1 11 I L1 1 1 I L1 11 I L1 1 1 I L1 11 I L1 1 1 I L1 11 I L1 -l: _1 O 7 8 9 1 0 1 1 1 2 1 3
7 8 9 10 11 12 13 14 Vs [TeV]
s [TeV]
® All fully consistent with the Standard Model!
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CMS

CMS: Production Modifiers . |

uce Soknod

20 MS Preliminary 2.8 b (13 TeV) CMS Preliminary 2.7 b (13TeV)
rrreyprrrrrrrrrprrrrr e rrrr T T e T LINL L L L L L L LB DL DL LB
- . > - .
18__ H — ZZ 7 g 8_ H_>Y‘Y . + Best Fit _|
B 1 > = o ) RN .
- — 68%C.L. = [ K ~ ¢SM
s --- 95%C.L. | 6l ] — o _
145 + bestfit - 20 ]
12 ¢ sm - o _‘
10} : : N
8:{_ s‘\~ _: 2_ " ‘ —
6} . 3 I Voo
3 ) = |
4 ] - :
2 E i ' S
‘. - "2_ mH=1 25-09 Gev . o
O""l "':""I"" NNNEUUNAN TS FEEE. _1111|1111]1111111111111111111111111111111111_
0 05 1 15 2 25 3 ui?.5 4 15 -1 05 0 05 1 15 2 25
ggH,ttH MggH,ttH

® All fully consistent with the Standard Model (as in Run )
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@ ATLAS: yy + Missing Energy >

® Define signal regions with good efficiency for two benchmark models

H ommemme @ ..... )
\\
\\
Heavy Scalar Model h q Simplified Dark \
Matter Model

Category EMsS [GeV ] pid [GeV] | pY7 [GeV] 3 70F aTias Preliminary -+ Data -

. . @ C (5= 32" —— Signal + total bkg ]

ngh E,?-"‘”, hlgh p%y > 100 - > 100 E:; 605_ Ir?ter;i;zzg 2 ‘ Non-resonant bkg + h —E

High EI, low p¥” | > 100 - < 100 @ 50 ~ Non-resonantbkg 3

Intermediate E7"™ >50and < 100 | > 40 ——_ 5 40f E

Rest - - > 15 20 + _

® Fit with SM scalar and new signal both modeled  "°F T
as double-sided Crystal Ball (shapes consistent) T %0

my, [GeV]
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95% CL Limit on o(pp— H) x BR [fb]

95% CL Limit on o(pp— H) x BR [fb]

ATLAS: Yy + Missing Energy

lll'llllllll[[[lIllllllllllllllll'll

ATLAS Preliminary

-~ Observed
Hohyx h—-yy ---+ Expected
\s =13 TeV, 3.2 fb" W+io
m, = 50 GeV + 20

llIlIIIIIIIIllIIllIlllIIIIII

270

P I EEPET PR PP PP I
280 290 300 310 320 330

Heavy Scalar

ATLAS Preliminary
Hohyyx,h-yy

- Observed
-=== Expected

Nt

+ 20

o (pp = hx x) x BR(h— yy) [fb]

Vs =13 TeV, 3.2
m, = 60 GeV
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Interpret fits in context of both models
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ATLAS Preliminary —e- Observed 95% CL
h— vy ---- Expected 95% CL
------- Theory

Vs =13 TeV, 3.2 fb™

Vector mediator
Dirac DM, Moy = 1 GeV

gq=1 /3, gDM=1

" Expected = 10
Expected + 20

-------------
nnnnnn
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-------------
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CMS /|

&) ATLAS: h* = hh — bbyy

EXPERIMENT

00000000000000000 H
g e e T H
g
H .
A A Noo... <’
Q | a l
00000000000000000 H
g g ¢t e H

® Non-resonant hh production
® |[nterference = very small SM cross section
® Resonant: see talk from A. McCarn
® |arge cross section from bb, good resolution from yy
® .40 excess in Run | Phys.Rev. Lett. | 14 (2015) 081802, arXiv: 1406.5053

® Fit to sidebands in 0-tag region to derive continuum background shape
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) ATLAS: h* = hh — bbyy

e L e A L A B S - I ) B L B B
E E ATLAS Preliminary . Di-Higgs ] § - ?_TLAS Preliminary Di-Higgs N
w 40F ys=13TeV,3.2fb" .- Single Higgs 0 C Ys=13TeV,3.21b" - - Single Higgs ]
g 35E_O-tag control region :ggrr:inuum Bkg._% 3 5:_ 2-tag signal region :gsz‘tinuum Bkg. At 95% C L’
o = E & C -
] : : : O < pb (obs.)
= : 3 -
ER: _f 5. *% 5 pb (exp.)
& o T 1 & 7§ ‘ osm=3791b
8 ol + + + ' t, )J_* = )
S SR FE RS K 5
105 120 130 140 150 160
m,, [GeV] 160
m,, [GeV]
g I :
S 09F =
d o8t =
Process 0-tag 2-tag 07E E
Continuum background 35.8+2.1 1.63 +0.30 0.65— —i
SM single-Higgs 1.8+1.5 0.14 +0.05 0.5F =
SM di-Higgs <0.001  0.027 +0.006 0.4F ?TU:g ffg‘ifgigig—f
: = 13TeV,32f0" 3
Observed 27 0 0.3t — Obs.CL, E
o2 Exp. CL 3
= @ Exp. CL. tio,,, -
0.15— [ 1Exp. CL_ +20,,, E
0" P 1 1 |- PR S T YN VRN TN (NN SN SO S NN O AT SR S SN T
2 4 6 8 10 12 14
G, [PD]
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CMS: 13TeV h* = hh = bbT T

9
H
r 3 Q ______ _‘:
000000000000000000 )
9
2.710 (13 lev)
c =
é - CMS bb v, ¢ Data
B 300 jeiellmlnary channel oy i
S QcD
=> o50| Drell-Yan
w i [ Other bkg.
“.i Bkg. uncertainty
200 —k, =1(SM)
g, x 10°

08 06 0402 0 02 04 06 08
BDT output

® A between bb, TT , Er,miss;

g \2000000000000000 P -mmmeeeeeanan H
) Q Y
g \2000000000000000 VI N ——— H
2./710 (13 1ev)
c _
§ [CMS “me T, nu
B 160 __prellmlnary channel o
S - QCD
> 140 Drell-Yan
w N [ Other bkg.
120 . Bkg. uncertainty
— k, =1 (SM)

100

-08 06 -04-02 0 02 04 06 08

o, x 10°

BDT output

AR(., T) AR(b,b)

® Do not strongly depend on trilinear coupling Anhh

® No anomalous coupling found

95% CL limit on o(pp — hh) [pb]

—_
o
o

)
b

10

10°

dN/dm, [1/GeV]
3

2.7 (13 TeV)
CMS bb 7,7, ¢ Data
preliminary channel g tt
QCD
' Drell-Yan
[ Other bkg.

wu Bkg. uncertainty
k, =1 (SM) o x 50
--k, =20

--------------------

200 300 400 500 600 700 800 900 1000
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103'§§CMS . bb ut, + bb er, + bb Tl
Z?P’ e’imi"a’y comblned channels
102 ? .....................................................................................................................................
-““““““““““ |||||||||||||||||||||||||||
10 ...................... et 1 lII ....................................................................
[ N B et B
f — Theory::o (pp—hh)
B | 8% Theory syst. uncert.
= i x Expected CLs :
: 3 : : i I Expected = 1o
10_2 I L I L I v o l l lExpected:Za » |
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k _)\'hhh/)\'hhh
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&)
L CMS:8TeV h* = hh = bbT T >
. H — CMS Preliminary 18.3 fb™' (8 TeV)
g o’ 9 \290009900999009 oy R H % 10 2Jet1Tag -.-g:,o:e?vl\:dHH — bbrtt
H g Non-resonant Z >
Ta oo ) 4 Q Y h 1 EtEtlectroweak
o [JMultijets
. E 10 W oo
W H g 2000000000000000 ¢t H g nee nty
A
10°
M+,: upper kinematic bound on the 10
mass of the di-scalar system in each event P
g 1f
§ St
Non-resonant analysis & o 00 0 300 400 500
Process 2jetOtag 2jetltag  2jet2tag _
Non-resonant HH production 1.3 £ 0.2 5107 47 £0.6 | < Mz [GeV.
Z—TT 1203 = 111 177 3.0 2.0 = 0.8 SM X I OO
QCD multijet 279 = 2.7 54 +1.0 0.7 =x0.2
W-ets 434+08 04401 04+0.1 Observed (Expected)
Z+jets (e, p or jet faking i) 0.7 £ 0.2 <0.1 <0.1 95% CL limit:
tt 1.3 £ 0.2 3405 1202
Di-bosons + single top 574+ 10 11+02 05+0.1 0.59 pb (0.94 +8-32 pb)
SM Higgs 37 13 06 =02 02=x0.1 e
Total expected 1639 = 114 28.6 =32 52 £ 1.1
Observed data 165 26 1 530—SM (84O-SM)
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) CMS: Scalar pt in WW decays

8 TeV

® WW — evuv, opposite sign
®  Analysis inclusive in number of jets
® Jet multiplicity correlated with pTH
® To remove top: B-tag and soft non-isolated muon veto

e Correct to fiducial phase space to measure cross section in
bins of reconstruction pt
o —2H _ =0/ | miss
® Unfold distribution for final dofd/dpt measurement pr = Pt + ET

CMS

Muce Soknod

Kinematic requirements for the H - WtW~fiducial phase space

Leading lepton pr pr > 20 GeV
Sub-leading lepton pr pr > 10 GeV
Pseudorapidity of electrons and muons | < 2.5
Invariant mass of the two leptons myy > 12 GeV
Transverse momentum of the lepton pair pt > 30 GeV

miss

Invariant mass of the leptonic system in the transverse plane migET > 50 GeV
No ET"* cut applied
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@) . . cMS, |
g Signal extraction B |
® For each ptH bin perform 2D fit in mt, AQ(£€,ETmiss)
c -CMS Preliminary 19.4 b7 (8 TeV) CMS Prellmlnafy 19.4 fb-'l (8 TeV)
E " 4 Data —H P[0, 15) GeV > 0.4 I
2 400 Wwzzznwy  [wsiets (60, 110]Gev Soss ...t _Dpaa
o = f
G 300 _:;j;vy i ook B - f...Stat!?!.'sa'.._9_.'_'.9??9!'1!! __________________
i O - ; Systematlc uncertalnty
i _ _8 0.25 OO SRRSO SNPPRROTRN rverererrr—res OSSR NVDIURRUONN SRRSO MOV SRR
200 5#’4:'_‘4- : All % ggH (PowhegV1)+XH
= ‘ \0.2_ ................................................................................................................................
100} i) Eeewrw
O 0.1 : AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ...............................
%_ 1§1 005;_ ....................................................................................................... ..............................
% 0.8 | | o e IE]IIE ........ 1 .............. th—
- 50 100 150 200 0 20 40 60 80 100 120 140 160 180 200
m, [GeV] P [GeV]
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) Unfolded Results

EXPERIMENT

® Unfold using Singular Value Decomposition

_ -1
Prelimin 19.4fb" (8 TeV
: . o A DAL
Uncertainties on backgrounds contributions © 1 R ' '
Source Uncertainty =, - Statlstlcal uncertalnty
- = T 2zl
t, tW ~ 20 — 50% o N Systematlc uncertalnty
W+ jet ~ 40% S, || N7 NS SN RO SIS OSSN SRS SN S
e 0.8\
W2Z,77 ~ 4% o é \ é - Model dependence _
* ~ 30% O N %
v/ 2% - % e ggH (PowhegV2+JHUGen) + XH
Experimental uncertainties % 5 :
Source Uncertainty 0.6 ||\ " m ggH (HRes) 4 XH ............... S—
LuminOSity 2.6% : : XH - VBF + VH :
Trigger efficiency 1—-2%
Lepton reconstruction and ID 3 —4%
Lepton energy scale 2 —4%
EMiss modeling 2%
Jet energy scale 10%
Pileup multiplicity 2%
B-mistag modeling ~ 3%
Theoretical uncertainties
Source Uncertainty f 5 f f §0 RN
b-Vetojetbinning ~1—2% 0—|—|—| L1 Ll L1l |||I|||I
PDF ~ 1% 0O 20 40 60 80 100 120 140 160 180 200
WW shape ~ 1% pT [GeV]
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. |
() Conclusions |
EXPEF!-IMENT
® First |3 TeV measurements of scalar decays to yy and ZZ — 4¢
. o o _ -1
® Results remain consistent with SM o CMSPreimmay 2700 (13TeV)
= L H—)YY |
o« e . . . o i
® Statistics limited in 2015 run z
L S NG A N 10|
® |HC Run 2 will make precise measurements of scalar g0tk E
boson properties and search for deviations from SM
® Differential measurements e | \) 2o
102~ ___ Expected —
® Anomalous trilinear couplings - meermoee
® |n association with dark matter candidates [ _
el b b b by byw g bywa bwwn buwn by
® Sta)’ tuned for, more data! 116 118 120 122 124 126 128 13&;3&3193\;)
1 CMS Preliminary 2.8 1" (13 TeV)
390_"|""1""|' LI AL A A L B LA B S ¢ ) 1= T g % EllIIIIIII]IWIIIIIY'IIII;
S F ATLAS Preliminary ~ — o, m,=12508GeV ER- 3 3
% 8O§ A Hoyy & HoZZ'—4l QCD scale uncertainty . f‘” 0.9 g 310 1?
b& 705_ ¢ comb. data ~ syst.unc. '™ Tot.uncert. (scale ® POFsa,) E ) 0.8 —E § i
0.7 4 7 o2k
0.6 3
05 3 10k i
0.4 ATLAS Preliminary 3
' Vs=13TeV, 321" 3
] 0.3 — Obs. CL E 1074 _gzserve::e 3
10F (52 7TeV. 45" E 02 Exp. cn.;‘+ =  opserved o e
3 e T oy R S E?i?: oL Z" 3 w0t —omeswmns [ 77
_ AT - ] P PR B B B 0 . n 1 . . Ly Ly Ly . E N e . o 1112
! ® ? 10 1 12 \f§1[$eV] 2 4 6 8 10 120 [pl?)]4 118 150 1212 154 1216 158 130
nn my, (GeV)
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Extras
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£ CMS ZZ and Yy Mass

CMS Preliminary 28" (13 TeV)
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&) - %
- Z Candidate Masses |
S 100_ l I I I .l .I I I I I ] A120 cllMlslPr?IImirza”yl LI LI LI LI 2l.8Iflb-;| (1|3l1-lelV)
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S  Hozz254 e : S can | ]Boos
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@é ATLAS: Fiducial Cross Section

o' Ns N ATLAS Prelim | | | -
= , - - reliminary _
A-C-B- -Lint g 0'9: Simulation 4~ Inclusive 2e2u N
S - Vs=13TeV, m, =125.09 GeV 44 ]
s 08 Hozz sl H Jae -
6d N, S [ C=0.5271+0.0045 +2u2e -
4¢ C . L. O O _ = |
int 5 - 0 -
o 0.6 —
S - .
© SN o .
Q O _ _ A N
] 0.5 & - A A =
Vs [ TeV] - ‘ C:Ié =
7 8 13 04l o A A T
C A[%] 46.67+£023 4598 +0.14 4274 +0.24 r v N T =
Cl[%] 51.89+036 5532+0.24 52.71 +045 - | l .
037 ggF+bbH  VBF WH ZH ttH

Data set [TeV] N o [l oge, [fb] o [pb]  oipe  [pb]

7 45425 19%5 103011  33*  175x16

8 2409 21+05 129:013 371  223+20

2.3 1.3 25 4.5
13 .03 061, 274028 12*% 50.9 *32
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9 Signal Models

Arbitrary Units

CMS Simulation Preliminary 13 TeV
_ [ UL L l I L ' LI I I | I I I L l I I UL _
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Per-Channel CMS Signal Models
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@ CMS: best-fit mu

CMS Preliminary 2.7 b (13 TeV) CMS Preliminary 2.7 b7 (13 TeV)
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g CMS:WW Unfolding

® Singular Value Decomposition

1
'0.9

—0.8

CMS Preliminary

19.4 b (8 TeV)

% 20 40 60 80 100 120 140 160 180 200
p"  [GeV]

T,reco

(a) Deconvolution matrix

—0.7

0.6
0.5
0.4
0.3
0.2
0.1
0

CMS Preliminary  19.4 fb™ (8 TeV)

% 20 40 60 80 100 120 140 160 180 200 °
p" [GeV]

T,reco

(b) Response matrix
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@ : cMs,
: CMS ZZ: Cross Section |
0ha. = 248115 (stat.) TS (sys.) 100 (model dep.) fb
. pt > 20 GeV
— <
oy = 2.39 fb Isolation (AR < 0.4) pr > 10 GeV
= B ST (7 Tev), 197 17 (B TeV), 28167 (13 TeV) pt > 7(5) GeV
= CMS Preliminary ] In| < 2.5(2.4)
o or f Data (Slat. © sys. tne) B Isolation < 0.4 - pt
o T wsesomimes : 40GeV < m(Z;)< 120GeV
E e Standard model (m, = 125 GeV) : 12 GeV < m(Zz)< 120 GeV
N - AR(4;£;) > 0.02 forany i # j
' : m(£07) > 4GeV
ol ] 105GeV < myy < 140 GeV
£ -
- pp =~ (H —4l) +X - ,
o : Isolation (AR < 0.3)
ol Py v by s Py by s b by g 1y T

7 8 9 10 11 12 13 14
/s [TeV] Ofid. =

7/+8 TeV: HIG-14-028 accepted for

— 2. 66+% gg b ot = 2.50 fb

Model dependence < |%

publication in JHEP
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Chis, |

@ CMS ZZ: Cross Section

g Compact

CMS Preliminary 28fb" (13 TeV) CMS Preliminary 2.81b" (13 TeV)
S I R I I I I I S l I I

8 - ¢ D.ata. | Combinatorial XH : “-;T; E }  Data (stat@sys. unc) -
(42) |~ Fiducial Signal T . Ou: St Systematic uncertainty -
:3. 8~ —— Non-fiducial Signal —— Z+X B ! Model dependence ;
— i ] 4:_ | gg—H (HRes) + XH B
2 6 — - XH = VBF + VH + ttH (powheg) |
5 1 e -
> B ] L N \ -
T - e E
ol | I 4 ‘_“ 1:_ M WL WL -
- ‘ e i E AN .. . .- \\\\\\\\\\\\\\\\\\\\{v

- - 0- t 1 | |

f05 110 115 120 125 130 135 140 4 202 4u de
m,, (GeV)
Signal process Afid € Jfnonfid (1+ fnonfid )€
Individual Higgs boson production modes

gg—H 0.382 £ 0.001 | 0.697 4+ 0.001 | 0.118 £ 0.001 | 0.779 £ 0.001

VBF 0.422 £+ 0.001 | 0.707 & 0.001 | 0.086 £ 0.001 | 0.768 £ 0.002

WH 0.277 4+ 0.001 | 0.686 + 0.002 | 0.164 £ 0.002 | 0.799 =+ 0.003

ZH 0.302 £ 0.002 | 0.697 4+ 0.003 | 0.172 £ 0.003 | 0.817 £ 0.004

ttH 0.239 £ 0.001 | 0.687 4= 0.003 | 0.419 £ 0.007 | 0.975 =+ 0.006
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Summary of relative systematic uncertainties

Common experimental uncertainties

Luminosity 2.7 %

Lepton identification /reconstruction efficiencies 4-9%
Background related uncertainties

QCD scale (qq — Z2Z, gg — ZZ) 3-10%

PDF set (qq — 2Z, gg — ZZ) 3-5%

Electroweak corrections (qq — ZZ) 1-15%

gg — ZZ K factor 10 %

Reducible background (Z+X) 40-90 %
VBF tagging efficiency (experimental) 7-14 %
VBF tagging efficiency (theoretical) 15-25 %
Signal related uncertainties
QCD scale (qq — VBEF/VH, gg — H/ttH) 3-10%
PDF set (q@ — VBF/VH, gg — H/ttH) 3-4%
Acceptance 2%
BR(H — ZZ — 4/) 2%
Lepton energy scale 0.04-0.3 %
Lepton energy resolution 20 %
VBF tagging efficiency (experimental) 2-7%
VBF tagging efficiency (theoretical) 5-15%

CMS: ZZ Uncertainties

CMS Preliminary 287" (13 TeV)

-llllllllllllllllllllllllllllllll]llll

Reducible background estimation

——e—— Data estimation
Fit (with total uncertainty)

llIlllIlllIllllllllllllllllllll
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i CMS ZZYields

Channel de 4u 2e2u 4/

qq — 2Z 0.33£0.03 | 0.75+0.05 | 0.92£0.07 | 2.00 = 0.14

gg — ZZ 0.0440.01 | 0.0840.01 | 0.0740.01 | 0. 18+§ §3

Z+X 0.17705 | 0.19+£0.08 | 0.26+0.10 | 0.627p40

Sum of backgrounds 0 54ig %g 1.02+0.09 | 1.254+0.13 | 2.80755

I I 8_ I 3 O G ev Signal (my = 125 GeV) | 091707 | 1.70+£0.15 | 2.214+0.22 | 4.82779%

Total expected 1457021 12724020 | 345+0.29 | 7.62702%

Observed 1 3 4 8
Channel 4e 4u 2e2u 4/
qq — ZZ 18373 [31.1+£20 | 426133 | 92.07%7
gg — 77 39406 | 59+08 |9.0+13 | 188158

>70 GeV ;i 22720 | 21409 | 32413 | 75725

Sum of backgrounds 24475% 1391425 | 5487537 | 118.3153
Signal (myg =125 GeV) | 1.1£0.1 | 1.9+£02 | 25£0.2 | 55%+0.5
Total expected 255755 | 409758 | 57.3757 | 123.71%5
Observed 17 49 43 109
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CMS Preliminary 2. 7 fb (13TeV) CMS Prellmmary 2.7 fb" (13TeV)
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Events / 4 GeV

N W s
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CMS Preliminary 281" (13 TeV) CMS Preliminary 28" (13 TeV)
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