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Recent results from CMS reported here, all based on 2016 data:
* Higgs in WW* (HIG-16-042, very recent result)
e Higgs in ZZ* (HIG-16-041, JHEP 11 (2017) 047)
* Higgsinyy  (HIG-16-040, arXiv:1804.01716 submitted last week)
* Higgsinlly  (HIG-17-007, very recent result, see Chia-Ming Kuo‘s talk)
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Higgs into WW

* High BR but poor mass resolution
* two opposite signs lepton (ey, ee, pu ),
missing p; and additional jets/leptons targetting

also VBF’ VH CMS Preliminary 35.9fb" (13 TeV)

* main backgrounds are top in ey, DY in same-  oietoshasged |EETTNEE

flavour categories, W+jets. Data-driven 0ot SF ggrttagged [JEYTEFED W ggH
i 1 1-jet ggH-tagged |EIRERATTE lVBF

estimations o ot

* WW as irreducible background et SF gghttagoed |EPRICIIIT WzH

i i i Je -tagge: events .bBH

2-jet VBF-tagged [} PR G

leptons are emitted closer, to suppress the
backgrounds

3-lepton WH-tagged 5.6 events

-
W+ W- 4-lepton ZH-tagged 2.7 events
Loowobovv o by o bony s bywn b o s by s byg v boa s by
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dN,/dm, [GeV]

Data/Expected

dN,/dm, [GeV

Data/Expected

Signal extracted from 2D fit to m;; and m; (ggH), from m, (VBF) or AR, (WH)
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Higgs into WW

WH 3-leptons
different flavour
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Higgs into WW

CMS Preliminary  35.9 fo™' (13 TeV) CMS Preliminary ~ 35.9 fo'' (13 TeV)

H->WW HoWW
0-jet DF ggH-tagged !
! ggu= 1.3%g:’-;; ‘e —— Combination Combinati
> : : —— Combination

1-jet DF ggH-tagged H _ +0.21 :
n=129 22 o uggH =1.38 54 CER
2-jet DF ggH-tagged H || H | sM

=082 8 : i =128 o H

0-jet SF ggH-tagged o comb e M

0.66 H
? = 0.29 * e — ~ _ +0.18
p=175 " ¥ H T 1.28

VB -0.29 017

1-jet SF ggH-tagged
w=218 *‘:’;7‘

2-jet VBF-tagged
n=072 ‘?:

2-jet VH-taggeg

Tyt
p=392 2

| — 1.88
-—Q—E- H H - 3.27 T1.70

w

3-lepton WH-tagged ! _ +1.57 ‘_
w=223 "% : “’ZH =1.00 -1.00 :

4-lepton ZH-tagged H
Y T

HH\HH;HH\HH\uu\uu\uu \\\\;11\\‘\\\\‘\\\\‘\\\\‘\\\\
-1 0 1 2 3 4 5 6 o 1 2 3 4 5 6
6/Ggy, 6/Ggy

(a) (b)
* Main experimental systematics: data-driven background estimations, lepton efficiencies
* Best fit value from a simultaneous fit to all categories with m_=125.09:

=128 x0.10(stat.)’) 1 (syst.) o (theo.)

* Observed (Expected) significance 9.1 (7.1) sigma, first observation in CMS alone
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Higgs into WW

Wy Vs M separating production Fit in the k-framework:

processes driven by vector boson -

coupling (VBF, VH) vs fermion cxB(X—H—WW)= K?:—XUSM x Bsm(X — H — WW)
coupling (ggF, ttH) P \H

ke for ggH, ttH, bbH, k, for VBF, VH

CMS Preliminary  35.9fb” (13 TeV)

_. CMS Preliminary  35.9 fb™' (13 TeV)
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. W2 on>
* Good mass resolution, best S/B, but \\3&9
low statistics
R . .
7 different categories targetting ggH, cms R
VBF, VH, ttH ede  —e-untagged ¢~ Vi-hadrtagged 5
. . ! —a— VH-lept. tagge -
* signal extracted from 2D fit of m, and sdu e VBRjtagged oy et ger Ml
) ] ) o ® 2e2u  —v— VBF-2jtagged _, ttH tagged 12§
kinematic discriminant co | B i
. . . . E-Q
* Dominant experimental uncertainties: & 1
lepton efficiencies and luminosity 0.8
* Dominant theoretical: ggH prediction
and migrations among categories 0.6
CMS 35.9 b (13 TeV)
> 7o T T T T 0.4
(0} r + Data ]
% 60? % :éf?z, Zy* {
g0 a0 0.2
_I I} |T| Il I._l.l_‘l I’_IE‘I IM _0
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m,, (GeV)
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m,, (GeV)
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Higgs into ZZ

untagged

VBF-1jet
tagged

VBF-2jet
tagged

VH-hadronic
tagged

VH-leptonic
tagged

VH_E-lr['IiSS
tagged

ttH tagged

35.9 b (13 TeV)
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at m,=125.09 GeV (Run 1 combination)
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Higgs into ZZ

No m(Z,) constraint 3D: L(myp, Dimass, Dﬁli(“g) 2D: L(myy, Dinass)  1D: L(mgy)
Expected my uncertainty change +8.1% +11% +21%
Observed myy (GeV) 125.2840.22 125.36+0.24 125.3940.25
With m(Z,) constraint 3D: L(m)), D}passs Dlgli(ré) 2D: L(m)yy, D}ass)  1D: L(m),)
Expected my uncertainty change — +3.2% +11%
Observed myy (GeV) 125.26+0.21 125.30+0.21 125.34+0.23
, . . CMS 35.9 b (13 TeV
* World‘s most precise mass measurement in a 0 81— e
. . . . c : ]
3D fit, constraining the highest m (Z,) to be = 7
equal to m,. o 65 e ]
: : - ‘4 D' DS -
 Systematic error dominated by the lepton - | ; :
S\t W "4 D'mass: Dy (stat. only) ; B
energy scale. 5S¢ ¥ ]
A\ )
m,=125.26+0.20 (stat.) £0.08 (syst.) GeV F 1
= 125.26 + 0.21 GeV (CMS, 2016 data) 3 E
2" g
m,=125.09 £+ 0.21 (stat.)+ 0.11 (syst.) GeV I \ N/ E
(Run 1 legacy ATLAS+CMS combination) ot L L =
24.5 125 125.5 126
m, (GeV)
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* High statistics and mass resolution

* BDT for the identification of prompt photons
* Multivariate regression technique to determined
the energy of the photon, calibration with Z->ee

events

* BDT for the vertex assignment

 Event categories targetting different production
modes and using a dedicated diphoton BDT

CMS Simulation H—yy

Untagged 0
Untagged 1
Untagged 2
Untagged 3
VBF 0

VBF 1

VBF 2

ttH Hadronic
ttH Leptonic
ZH Leptonic
WH Leptonic
VH LeptonicLoose
VH Hadronic

VHMET

I WH teptonic

B oo+ W veF fH [ boH Bta  Ww
M 2+ teptonic WH hadronic I zH hadronic

32.5 expected events
469.3 expected events
678.3 expected events
624.3 expected events
9.3 expected events
8.0 expected events

25.2 expected events

0.5 expected events

expected events
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Vv | - = P —
N L
' 0.9
5 T
N7o gl
k] [
c L
kel =
g 0.7 [ + True vertex efficiency
& L - Average vertex probability
0.6 ]
v b v v b v b v by 1
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E I T T T I T T T I T T T I T T T I T T T I E
C Simulation SM H—yy
107 E $Data background m,=125 GeV
c [0 jet jet I goH ]
10%E v jet I VBF =
£ vy VH 3
10° i MC stat. unc. CIttH

10F

Diphoton BDT score
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Higgs into yy

1 -1
CMsS 35.9 fb” (13 TeV) CMS H—syy 35.9 o' (13 TeV)
> L e B B B L e
@ 16000~ H—>yy ) =
0] F ,=125.4 GeV, fi=1.18 All categories ] Uncertainty on overall u Uncertainty onw, __ Uncertainty on b
5, 14000~ H ’ ’ ' S/(S+B) weighted = 0 0.05 01 0 0.1 02 03 0 005 0.1 0.15
- m T 1 T 1 LI B B Tr1rrr|rrrr|rrrr TTor o T | rrrrprrorT
c ¢ Data B T T T T T
@ 12000 X ] Photon identification 1
o E — S+B fit ] ] -
> 10000 &% B component - Photon energy scale and smearing ]
% 8000F- Bl:io E Per photon energy resolution estimate n |
=) E [ 1*20 1 Jet energy scale and resolution ) —
g 6000 — - Integrated luminosity |
= 4000 3 Other experimental uncertainties /1 1
@"” 2000; é Branching ratio o
) F a ggH QCD scale i 1
o) SIS BN BN AU BRI BRI SR S )
ggH P modelling |
600 B component subtracted; ggH jet multiplicity 1 1
400 é Other processes QCD scale yield
200 — Other processes QCD scale migrations ] 1
2 X bserved serve serve
0 PDF and Id mo | Ob d Ob d
and o yiel
N [ expected [[] Expected [ ] Expected
-200 Underlying event and parton shower
106 T T35 T35 T30 55 785 5 T30 o""o.(lns""m I SRR B PRI TR RRE SRR
0 0.1 0.2 0.3 0 0.05 0.1 0.15
m,, (GeV)

Distribution for all
categories summed
weighted for their
sensitivity

Dominant uncertainties:

* photon shower shape modelling
and energy scale

* [uminosity

* jet energy scale (especially for VBF)
* QCD theory (scale and BR)
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Higgs into yy

CMS 35.9 fb (13TeV)
I
CMS 35.9 o' (13 TeV) %
T T T I T T I T T T I T T T I T T T I T g
H—>yy B Combined 68% CL =
L —— Per process 68% CL N
ggH [1.10%02 ==
B lAj'cc:mbined = 118 jg:z I
VBF | o83; my, profiled
ttH | 229 —a—
VH | 247 —a—
_2 1 1 1 é 1 1 2| 1 1 1 4|. 1 1 1 é 1 1 1 é 1 mH profiled
u 0 05 1 15 2 25 s 0
MggH,ﬁH

Simultaneous ML fit to m(yy) in all
categories with a single pand m,, free:

w =118 (stat.)" g (syst.) o (theo.)
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Conclusions

. CMS Preliminar serve
*H->WW: 359" (13 Te\i/) :Sf)o (statc-i@sys-)
* Observation of H in WW in CMS alone B | o)
and precise measurement of couplings to u i
. ggH e
fermions and bosons B g
 H->ZZ and H-> yy:
vy L . Yugr| ——e——
* more and more precision in couplings B g
* (differential/STXS) cross sections (see G. 1. e
Ortona‘s talk) B
* currently most precise mass m,, .t
measurement is in the CMS ZZ channel, u
m,=125.26 + 0.21 GeV " I
These 3 results included in the overall u

combinaﬁon (ggH ~ 11%’ VBF~ 41%) —> 1111 | | | i | | | 1111 | 1111 | 1111 | | | | I |
0O 0.5 1 15 2 25 3 35 4
Parameter value

Rare decays H->y*y and H->Zy 7+0.10

w=1.17%,
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H into WW

SF: Same Flavour (ee/pp)

DF: Different Flavour (ep) | oo o ePtons

2 leptons 4 |leptons
3 leptons
Number of
jets WH- 3l ZH-4|
0 jets
Flavour of Flavour of
lepton pair lepton pair m; and An,
SF DF SF DF

[ggH-tag} [ggH-tag] Eg H-tag [ggH-tagﬂ




Events / 4 GeV

sintoZZ

Untagged

VBF-1jet
tagged

VBF-2jet

CMs 359" (13 Te\ CMs 359" (13 TeV)
% 6o T T T T T T ™ % T T T T T T T T T tagged
g untagged category E.:T"isy S 18[ VBF-ijettagged category o v .
3 o 3 b ELESRE VH-hadronic
g £ :
§ e tagged
g M 99

96 80 90 100 110 120 130

140 150 160 170

VH-leptonic
tagged
VH-ET"®
tagged

140 150 160 170

m, (GeV) m,, (GeV)
cms 359" (13 To cms 350" (13ToV) )
3 SETTTTTTTTTTT T 2 LA RARE) KAAL) LA LARR ALK AN LA tthagged’
] VBF-Zjet-tagged category o Data G BE VHhadronictagged category ¢ Data
- ] H(125), VBF ped [ H(125), VH
< < GE ] H(125), other |
8 8 D2z
s 13 W99-22.21"
s S of .2 3
Zx
I} & =
5|
4
’ T
2| >
1 [T
9080 0 100 110 120 130 140 150 160 170 9680 90 100 110 120 130 140 150 160 170 >
m, (GeV) m, (GeV) =
cms 359" (13TeV) cms 359" (13TeV) cms 359" (13TeV)
LA Mt M R R A M b R A A A M R A A A M
r VHleptonic-t togoy ] O ta VHEP e 5] ta [ e
v leptonic-tagged category O asf o e aggedcaegory 3 O o oF @ DR o agged category 3
< ] H(125), other < 0] H(125), other
2 S Da-zz 3 2 f Qe-zz 3
5 W o922, 2 5 W o922, 2
2 Bz 2 X
W5k e W5k e
2 E 2 E
15F e 15F e
1 E 1 E
osF e o0sF e
80 90 100 110 120 130 140 150 160 170 968680 100 110 120 130 140 150 160 170 965600 100 110 120 130 140 150 160 170

m, (GeV)

m, (GeV)

m, (Gev)

CMS

35.9 b (13 TeV)

40.77 expected events

9.69 expected events

4.24 expected events

2.08 expected events

0.38 expected events

0.11 expected eve

I ooH

B VBF

B WH, W—X

B WH, W—lv
ZH, Z—X

B ZH, Z—2!
ttH, tt—0/+X

B ttH, tT—14X

B tTH, tT—>2/+X

2.5

0.1

CMS

02 03 04 05 06

07 08 09 1

signal fraction

35.9 " (13 TeV.

w o A
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

e ————

I SR

H—2z" >4
m,, = 125.09 GeV

— 68% CL
—=- 95% CL
% Best fit
¢ SM

|
0 0.5 1
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Couplings

CMS Preliminary  35.9 fo™ (13 TeV) CMS Preliminary  35.9fb" (13 TeV)
HoWW HoWW
0-jet DF ggH-tagged
! R 1N —— Combination o
Leiet DF geH-t d oat —— Combination
-je -tagge: — +0.
e s g Mo, =138 00 B
2-jet DF ggH-tagged L SM
Diet SF :m " i, =128 o
-jet SF ggH-tagge com ) - +0.66 N
=175 04 11 T Hope =029 55 i, =128

1-jet SF ggH-tagged

we28 T H in WW

2-jet VBF-tagged _ +188
¥ p=:7g2g§: 1 ”w].,_3‘27 -1.70
2-jet VH-tagged ——————
wes2 [
3.1 WH-tagged .
by =100 213
4-lepton ZH-tagged
w=077 “J‘n’
PNENIEN BRVENETEN A1 PN ARAVIN SIS ARV ArA o b b b b b
-1 0 1 2 3 4 5 6 0 1 2 3 4 5 6
6/Ggy 6/Ggy
(a) (b)
g M 359 fb' (13 TeV)
CMS 35.9 o' (13TeV) S e S 3 TeY)
—— T
+0. H—ZZ* — 4]
H—>yy == combined 68% CL o= 1.2007% . -
o9 m,, = 125.09 GeV
| —— Per process 68% CL
| w_ =10531
+0.20 mmw USU 1.03 ‘comb. -0.
ggH [1.102% sm Myge = 00500 m—
| ~ _ +0.17 _
H combined ~ 118 -0.14
+0.6
VBF | o83 m,, profiled Hi B = 0-007550 H in 77
ttH | 221 —a— _ +2.66
MVHIep = Y 000 W
VH | 247 —a—
1.19
T B A I R S B MﬁH=0-00to.oo I
-2 0 2 4 6 8
~ P R RN BRI B
u 0 1 2 3 4 5

w
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Couplings

Effective
Production Loops Interference scaling factor Resolved scaling factor
o(ggH) v b—t Ky 1.04 - k¢ 4 0.002 - k — 0.038 - K¢k,
o (VBF) - - 0.73 - k3 +0.27 - k5
c(WH) - - K3y
0(qq/qg — ZH) - - K
o(gg — ZH) v Z—t 2.46 - k2 4047 - k7 — 1.94 - k7K
o(ttH) - - K2
o(gb — WtH) - W —t 291 - k2 +2.40 - k% — 4.22 - ek
o(gb — tHq) - Wt 2.63 - k% + 3.58 - k% — 5.21 - Kkw
o(bbH) - - K2
Partial decay width
77 n . 2
rww - - K3
rr v W —t K2 1.59 - k2, +0.07 - k2 — 0.67 - ke
e _ _ K%
rbb - - K§
rHe - - Ky

Total width for BRggy = 0

0.58 - iy + 0.22 - iy, + 0.08 - K2+

Ty v - K + 0.06 - k2 4 0.026 - 13 + 0.029 - k2 +
+0.0023 - k3, + 0.0015 - k7, +
+ 0.00025 - k2 + 0.00022 - &
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Higgs into lly

 Rare decay
* Diagrams contributing and BRs:

v ol ol -
FH—= "y = ppy) _ (1.69 + 0.25)%
e I'(H— 77)
TETT_¢ 7 TR LS T Zpy T T !
I I W I
Z Z
" " TH > Zy = 869) _ (5974 030)%
o I I o FH = 97)
o 5 e
W)z W w/z 7
......[; ..... ’Y ______H_ _____ (7 _____ i{-----
s A8 s

* Signature is a pair of opposite-sign muons or electrons and a photon. The two processes
H->Zy and H->y*y interfere and are experimentally separated in the selection via a cut on m,,.
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Events / GeV

Events / GeV

Higgs into lly

the 4 categories in y*y:

35.9 fo' (13 TeV) 35.9 fb' (13 TeV)
L L L L B L BN BN L > L L L L L L B L B
- CMS H— v¥— uuy —e— Data 1 & 70 CMS H— y¥— pnuy —e— Data
100 r Preliminary EB,High R9 Background Model  _| > Preliminary EB,Low R9 Background Model v*v
r +1st. dev. 1 E 60 +1st. dev.
L o ] > —
so|- Barrel not-converted % 1 = Barrel converted w2t dev. °m< 50 GeV
} hoton - Expected Signal x 10 - 50 photon — Expected Signal x 10 I h
4 P ] ° t
60 T ] 40 only e muon
b _- 30 channel
ol ] 2 * splitin 4 categories
- 10 . .
- | | . | | with different
110 120 130 140 150 160 170 110 120 130 140 150 160 170 ape .
m wy [GeV] m wy [GeV] Sensltlvlty
35.9 fo' (13 TeV) 35.9 fo' (13 TeV)
TJOF T rrrrrrrrrrrrrrrr o > 9-_""I""I""I rrrTrTrT T T TTTTH
CMS  H- v¥&— wy —s— Data 3 F CMS  H- vy— wy —s— Data E
60— Preliminary EE —— Background Model > 8;— Preliminary ~ Dijet tagged —— Background Model _; Zv
+1 st. dev. g 7 Z_ +1 st. dev. _:
50 Endcaps =2t dev. 2 - Events with 2 =2st. dov. ] * m”> 50 GEV,
photon Expected Signal x 10 OF jets _ VBF Expected Signal x 10 —:
40 sk . 4 eeand puchannels
selection ]
4 3 e« categories for
3 ]
) H = VBF, VH, boosted,
) E
Ty T HUHHERE Y untagged
110 120 130 140 150 160 170 910 120 130 140 150 160 170
m . [GeV] m . [GeV]
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Higgs into lly

.. -1
ClMS Plrellmllnalry —— ; 35.9 ﬂ? ; (:I ? ITeV) Table 3: Fit function chosen as a result of the bias study used in the analysis.
° bserv - + 1 st. V. Mgy Category Best fit function
Observed st. de EB - low Re Bernstein of order 4
EB - high R Bernstein of order 4
o] + 8 9
Expected \: + 2 st. dev. < 50 GeV = S ermatet of oo d
o Ex Mm =12 \V / =1 Dijettag | Exponential of order 2
peCted (S H 5Ge ) o OSM Untagged 1 Bernstein of order 4
Untagged 2 | Bernstein of order 5
H—Zy—lly, Lepton tag g Untagged 3 | Bernstein of order 4
H—Zy—eey, Untagged 1 ——— @ >50 GeV | Untagged 4 | Bernstein of order 4
H—Zy—eey, Untagged 2 * @ Dijettag | Power law of order 1
HosZy > Unt d3 Boosted tag | Bernstein of order 3
v—eey, Lntagge Lepton tag | Power law of order 1
H—Zy—eey, Untagged 4 —— @

H—Zy—eey, Dijet tag
H—Zy—eey, Boosted

e
e

H—Zy—uuy , Untagged 1 SR — W 05 E:NIIS li’re/irlnina:ql ————— 35.'9 flb" (|13‘|I‘e\/_)
H—Zy—uuy, Untagged 2 o e x - .
H—Zy—uuy, Untagged 3 e Q 0.45F -
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95% CL Upper limit on o/0,,

Higgs into lly

Upper limits at 95% CL on Higgs production X BR for the two channels:

35.9 fb™" (13 TeV) 35.9 fb" (13 TeV)
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Combined observed (expected) upper limit: 3.9 (2.0) X SM expectation for a 125 GeV mass
p-value for background-only hypothesis: 0.02, ~ 2 sigma
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