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SM Higgs boson production

Introduction
® Higgs boson with 125 GeV mass

Production cross section at LHC
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Higgs boson decay

Comments Decay branching ratios

. FermioniC deCay Channels Offer -E) 1 :7\\ T ‘ FTTT ‘ TTTT ‘ FTTT ‘ FTTT ’ FTTT ‘ TTTT ‘ FTTT FTTT T \L:g
good prospects S g —— 2
) - ! ]
» Large branching ratios for = [ ww ik
H — bb, T, cc © 10" ' s

— Analyses less sensitive due to large + m

o
backgrounds (too large for cc) m [ cc . 2
. . . n I

= Observation of fermionic decays 102 % | 4

would be a test of the Yukawa Tt | g

COUplingS Wy

® Provide insight into possible new 1057, i E

phySiCS T oun | ]

= + |
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Standard model searches




H—Dbb: Reconstructing m,,

| . VH, Hespyp !
Regression method (VH & VBF) Higgs mass — Run |l Dec 15
- App“ed tO b'tagged JetS CMS Simulation (13 TeV)
. ] 2000 —— Regressed
= Aims to improve the standard a0t 0=16.5 GeV
. . . — o/u=13.8%
CMS jet calibration to extract the - Nl |
true b-quark energy o0 0102 GV
m Uses a multivariate BDT o
» Several input variables related to 12005_
the jet structure and nearby 1000F"
leptons 800F-
— Targeting semi-leptonic b decays 600
> Output is the corrected jet p; 400
® |mproves the di-jet invariant 200F g
i ~ 0 |||||||||||||||||||||
mass reSO|Ut|0n by 15A) % 4|O 6|0 8|0 1(|)0 1£0 1£|10 1é0 180 200 220

> Improves VH analysis sensitivit m; (GeV)
P y y H—bb candidate invariant mass without (black)

by 10-20% and with (red) b-jet regression fitted with the
Bukin function.
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H—DbDb

PR D PR D I

89 92
VH, H—>bb — Run | Q014) , VBF, H—>bb — Run | 2015,
2003 <008
19.8 fb' (8TeV)
% 450F cms Category 4 E
©) 400; ¢ Data E
S b 4 — fited signal Fully
=~ - — Bkg. + signal H
2 oo TR e i Hadronic
g " i -acD
W 250F [ 20 bkg. unc.
6 LI B — LI B — LI B — LI B — 1 T 1 :, D1Obkg'unc'£
g :‘ cms | | | CL, OLserved ‘: 200% ]
S | (s=7TeV,L=5.01b" T ol e mrscted | 150}
‘E 5 (s=8Tev,L=189f" CL. Expected | to0b e L1
= T — VH; H— bb CL, Expected = 10 | E
Cl) i PP -CLsExzec:edzlc: % 50;
o 4 7] o 4
5 | : g :
§3i0bs- (Exp.) @ 125 GeV: | S I P R T T
2 1.89 (0_95) _______ . 80 100 120 140 160 :T?:b (Ge\?fo
<g 5 A 210‘H"‘“““““1‘9.8‘fb"‘(‘8Te‘V)
X S I - ]
A 5 8 ety o 1 Obs. (Exp.) @ 125 GeV:
1 - £ Un Expected (95%) ] 5 5 (2 5)
] 5 eL e .
i 1 ,r/*/—o\'/’,
L i O 5 -
H v v v b o b H 24; _ 2_2(0_8)sigmaexcess
o L 4
110 115 120 125 130 . 1\;35 e ; observed (expected)
My [GeV] 72 ; @ 125 GeV
. 0 1
2.1 (2.1) sigma excclass observed (expected) @125 GeV 3 A T Best fit y = olog, =
Best fit y = olog, = 1.0£ 0.5 Higgs Boson Mass (GeV) 2.8 +1.6/-1.4

LHC SKI 2016 — Daniel Salerno 6



I % ttH, H—>bb

Analysis overview

Results — Run i

CMS Preliminary
e it Aa

2.7 7 (13 TeV)

221~ 1 lepton,

Number of Events

data/MC

T AR R | ™

jets, =4 b- oData  —fiH (x15) —|
=6 jets, =4 b-tags Lt g E
[

0O 01 02 03 04 05 06 07 08 09

MEM discriminant

= Small cross section, but direct probe o o S 2
of the Higgs/top Yukawa coupling y, P B
2 2 MEM :
m 2 channels & 13 event N [ in -
categories v 3
Q. E
()
m BDT and " -
Matrix Element H.< 2T,
discriminants used b —0T8 -06 -04 -0.2 0 0.2 0.4‘ :).6 0.8
q BDT (incl. MEM) discriminant
Run | results at 8 TeV: q B Al
Obs. (Exp.) limit ¢ ¥ BDT
BDT: 5.2 (4.1) CMS-PAS-HIG-13-019
c
Matrix Element: 4.2 (3.3) EPIC 75 (2015) 251 i)
o
()
Run ll results at 13 TeV: —— 5 :
Obs. (Exp.) limit: 2.6 (3.6)
Best fit y = olog, = -2.0+1.8 % Jf ]
1.7 sigma below SM expectation /4,_8 ‘_0_6 _0‘_4 ‘_0_2 i ‘0_2 YT, 3

Lepton+Jets

Dilepton

Combined

CMS Preliminary 2.7 " (13 Tev)
55 Expected =10
----- Expected =20
-i- Observed

, L
1 10
95% CL limitonu = o/cSM atm, =125 GeV
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Analysis overview Results — Run i

b CMS Preliminary 2.3 (13 TeV) CMS Preliminary 2.31fb" (13 TeV)

F'+ Data T T T T T i T T B 14 T T T T

20F g dilepton

1gF T =

Vy g 0Tz E
16 EFakes

[ [ Flips

One
possible
decay

[+ Data T

Channels:

" ttH(ZZ*)

Events

trilepton ]

Events
g
E

g

B HH(WW*)
= ttH(tr) —.

Data/Pred.
Data/Pred.

—

= 1-0.8-06-04-02 0 0.2 04 06 08 1 1-0.8-0.6-04-02 0 0.2 04 06 08 1
. b MVA (ttH,ttV) MVA (ttH,ttV)
> 1 h ad ro n IC to p a n d Z y W y T CMS Preliminary 231" (13 TeV) CMS Preliminary 2.3 (13 TeV)
-=- Observed m,, =125 GeV
allowed “

\
Obs. (Exp) 3.3 (26) £ Exp. (68%)

@ Exp. (95%) Best fit y = 0.6 +1.4/-1.1
® BDT final discriminant tiepton -
n<117 (5.4 exp) trilepton
[ w= 58273 e s
dilept ’
Run | results at 8 TeV: o2t (27 oxp) i
Obs. (Exp.) limit: 6.6 (2.4) B dilepton
. . combined W= 0510
Excess observed in di-muon channel u<3.3 (26 exp.) 07
CMS-PAS-HIG-13-020 1 2 3456 10 2030 420 274 6 8 10
95% CL upper limit on u = O/OSM Best fit u = O/OSM
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Combines:

ttH, multileptons

ttH, H—bb

95% CL upper limit on pyy

tH

95% CL upper limit on u

m,, = 125 GeV 2.3-2.7fb" (13 TeV)
“F cms
18F -
t  Preliminary
16
[ ttH production limits
14 _e— Observed
—_—————
Expected

[ =10 Expected
[ ] +20 Expected

H—bb
HIG-16-004

H—yy
HIG-15-005

Combined H—leptons

HIG-15-008

Observed limit on py, = 2.1
Expected limit on pyy = 1.9

ttH signal strength

g Mu=125 GeV 2.3-2.7 o (13 TeV)
- N
< N CMS ttH combination
r HIG-15-005 H—yy
7 . .
c<\]| = Preliminary HIG-15-008 H—leptons
) 3 L oss HIG-16-004 H—bb
6F — Observed: 0.15
[ e Expected: 1.00 "%
51
ar
3
2F
1+
0:, R I S NS S

2 3

utt H

Observed p;yy = 0.15 +0.95/-0.81
Expected pyy = 1.00 +0.96/-0.85

Other SM signal processes fixed to SM rates

Run | results at 8 TeV:

Obs. (Exp.) limit: 4.5 (2.7)

Best fit y = 2.8 +1.0/-0.9

JHEP 09 (214) 087
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H—7t: Reconstructing m_.

Likelihood method

= Tau decay produces invisible v_
» Leptonic decay produces further v
> m., is left unconstrained

® |f no other source of neutrino,
construct a likelihood f(z,y,x)

> E_I_miss: Z
> Visible decay kinematics: y
» True tau-tau kinematics: x

) = / 5(m%, — mer (%)) f(z,y,%)dx

® Take m__that maximises P(m_.*)

If another source of v (i.e. WH /

production), take visible m_"is

P(mZ

TT

Events / 10_(:5eV
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CMS Simulation Vs = 8 TeV

ut, I
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\ E 0.14F
g 0.1 2:7
0.1
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0.02
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[ T ] % 4500 T
[ CMS No Fit . S 4000 No Fit
[~ Preliminary C1Z - o Preliminary C1Z-—
r mEmz - T 3500 Emz-n
- [ tt + jets -] 2 3000 [0 tt + jets
» [ Electroweak = [ Electroweak
- - ﬁcg Tt (x30) - g 2500 o gcg Tt (x30)
L —4— Observed E 2000 —4— Observed

Obs./Exp.

4000 F

2.0
1.5
1.0
0.5
0.0

2000

.........

1500
1000
500

[ Exp. unc.

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

e

————— 0
3‘ 2.0

X 15

- g o el o] E 1.0
0.5

O oo

50 100 150 :
Visible di-t mass / GeV

50 100 150

Visible di-t mass / GeV
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H—tt

Production channels

Run | ATLAS+CMS combined H—1tr:

5.5 (5.0) sigma observed (expected) significance
ATLAS-CONF-2015-044, CMS-PAS-HIG-15-002

04

JHEP05
Results — Run | Qo1 ,

CMS H—tr, 4.9 b at 7 TeV, 19.7 fb' at 8 TeV

Local p-value
e o
N =y
-rn'rny—l'rrmq

oo
~ »
~a -
.....
..........

100 120 140

3.2 (3.7) sigma excess
observed (expected)

@ 125 GeV Best fit y = 0.78 + 0.27
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Events/1.0 GeV

Data-Fit
Fit
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T

H—puu/ee

Analysis overview

®= Small branching ratio
» Cleanest of fermionic decays

» Test of Yukawa coupling to
second/first generation fermions

m Search for peak in m,, spectrum

H— u'w
T

» Over smoothly falling background

19.7 b (8 TeV)
T

T T
[ 0,1-Jet Tight BB —e— Data

.

CMS ]
Background model

SM Higgs boson x 20

= v?/NDF = 45.7/48 = 0.953; p-value: 0.566

160

Data-Fit

Results — Run |

4o

P
< oy,

%2/NDF = 60.8/48 = 1.27; p-value: 0.101

10 120

130 140
Mg, [GeV]

150

For H—ee:

160

60 H—u'u 19.7 b (8 TeV) + 5.0 fb™ (7 TeV)
I/\ T I T T T T I T T T T I T T T T I T

=z [ ]

=3 [ —e— Observed limit CMS |

£ 50 :— ------- Median expected limit —:

b% E - +10 expected limit E

B 4o +2 o expected limit B

5 [ ]

T 30} @ 125 GeV .

P Obs. (Exp.): .

Hosete . 19717 (8TeV) S oL 7.4 (65) b

0,1-jet BB —s— pata CMS 7 > B 1

E I r ]

T Background model 4 (@] : :

"""" SM Higgs boson x 106_5 § 10 N 7

2 @ T 1

:_ 0 _I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I_

= 120 130 140 150
3 my [GeV]

Best fit p = o/og,, = 0.8 +3.5/-3.4

95% CL limit on p = o/og, ~ 4 x 10°

1 84
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ATLAS.

ATLAS+CMS combination

Runl: ~5fb' @7 TeV, ~ 20 fb"' @ 8 TeV

Coupling modifiers

ATLAS and CMS Preliminary -— ATLAS
LHC Run 1 - CMS
L - ATLAS+CMS
" : —=x 1o
—_— 2 =
Z| Measurements : K2 =T 7/ sn
| include all ;
relevant :
K rocesses —e—— 2 -
wl P —— Kw? = Fhww/Tsm
K —_— 2 =
t o K¢ = 0ynlOgm
K —— K2=T,_.Il"
T o T H—tt'" SM
K —_— Kz2=T Ir
b . b H—bb'" SM
2 —
Ky - Kp = rH—>pplrSM
| | 111 | 111 | 111 | | | | 111 | 111 | 111 | | | | 111 I
0 020406 08 1 12 14 16 1.8 2

Parameter value

Vector — fermion CM contours
K,=Ky=K, K=K =K=K;

._._le_ 2_57\ T ‘ T ‘ T T ‘ T T ‘ T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T \7
- ATLAS and CMS CIH=w

- LHC Run 1 [JH—-2z
ol Preliminary - CIH—-ww ]

. H—bb -

i [(H-w i

i [Jcombined -
1.5 :
i .
0.5 :
- xSM  —68%CL -

| # Bestfit ---95% CL ]

O 1 11 ‘ 11| ‘ 111 ‘ 111 ‘ 11| ‘ 111 ‘ 11| ‘ 111 ‘ 111 ‘ 111

0 02040608 1 12141618 2

f
Ky

Data consistent with Standard Model predictions for all parameterisations
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Di-Higgs production




X—HH overview

Motivation Search strategy
®m Several BSM models predict ® The aim is to reconstruct the
narrow-width HH resonances resonant particle mass
» Heavy Higgs > First reconstruct 2 SM Higgs
> Spin-0 radion » Analyses employ different
» KK-graviton in extra dimensions techniques for my; reconstruction
= Production cross section = SM t-tbar production is a major
unknown background
®m Higher LHC energy opens up a > Analyses use different techniques
new range of search possibilities for background rejection
g ’/' H
X .
_____ .\\
8 ~H

LHC SKI 2016 — Daniel Salerno
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Run | X—HH comparison

17.9-19.7 o™ (8 TeV)
I

I
CMS ——— yybb (arXiv:1603.06896)

" Supplementary - _
1 05 Assumes SM Higgs BR ——  bbbb low mass (PLB 749 (2015) 560)

and narrow width for X == bbbb high mass (arXiv:1602.08762)
Ttbb low mass (PLB 755 (2016) 217)
3 e 1tbb Mid. mass (CMS-PAS-HIG-15-013)
Ttbb high mass (CMS-PAS-EXO-15-008)
e radion Ag=1TeV
--------- radion Ag=3TeV

[T IIIIII|
\

-,

— Observed
---. Expected

WED: gg— X, k=35
no radion/H mixing

—h
o
]

95% CL limit on o(pp — X" — HH) (fb)

mP"(GeV)

95% CL upper
limit on:

o(pp—X—HH)
with spin-0 X

LHC SKI 2016 — Daniel Salerno
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| % X—H(bb)H(bb)

mass close to Higgs mass cross section

Analysis overview Results — Run |l 16-0¢
2317 (13 TeV)
®m Search in 2 mass regions 10
; E CMS --------- Expected Upper Limit
u ReqUIreS at ‘4 b ‘g | Preliminary I Expected = 10
f B Expected + 2
|eaSt 4 %_X__‘z S 10t —e— Observed Upper Limit
. " % ; KK-Graviton, kL=35, k/M_=0.1
b-ta_gged !ets _ & H b \>T5 Upper limits on
m 2 b-jet pairs with :\ b &, pp—X—H(bb)H(bb)
>
L
1

23107 (13 TeV) 2.31b™ (13 TeV)
3 Foms . % “Fms - 102
g 90E prefiminary + Datain SR (85 a5 Preliminary + Datain SR o
£ gof- 2 F . C
2 o Low Mass S Medium Mass -

I | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | I
200 400 600 800 1000 1200

m, (GeV)
RS1 KK-Graviton with kL = 35, k/M, = 0.1,
observed (expected) exclusion range at 95% CL.:

775-850 (390-790) GeV

Same RS1 KK-Graviton exclusion at 8 TeV:

ds0300™350 400 450" 500" 550 600" 680”708~ 750 *F 460860 ad0 oo 1200 400 16007800 Observed (expeCted) range 380-800 (360'900) GeV
my (GeV) my (GeV) PLB 749 (2015) 560

Pull
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Events / 0.02

Data / MC

D Ty 3

‘Flrst tlme

LHC

LA

X—>H(bb)H(WW)

Analysis overview

CMS Preliminary
E T

Requires 2 OS leptons l
with m,, > 12 GeV

At least
2 b-jets
BDT used
to define categories
» 2 signal masses used for training

2.30 o' (13 TeV) CMS Preliminary 230 ' (13 TeV)
T T = F T

T T T o T T T
[ * D tta m i | < C ¢ Data - it
140 - up + ee + ue + eu channel; nel (1 pb) W DrelkYen S o0l uu + ee + pe + ep channels Signal (1 pb) EDrollYen i
C 7@ 400 GeV IS gltp: 2 — my =400 GeV Il Single top
20 [— it —my =650 GeV | W 5] 140 [— [ —m=650Gev W —
|/ —m,=900GeV I iV 1 @ C —mX=QOOGev- fiv ]
0o ¥ Uncertainty SM Higgs 120 - Uncertainty SM Higgs 7
] 100 — =
80 — mx — T mx - ]
| 80 [— —
® 400 GeV - g . 650 GeV -
60
40 1 £ o B
40
20 2
0 | 0 .
P e e e s e o A= ] A e . | e o R B |
IR RIAION S e Y e }ﬁ
1E 4 T 3 = 1E 14010033208, +
E © E I e
o8k H ﬂ } PNy *H% - | ; datiiE fj’
06 8 ) 150 A i 06 E-jyy B | o R i
06 -04 202 0 02 04 06 06 04 02 0 02 04 06

BDT output BDT output

Results — Run i

my = 400 GeV BDT my = 650 GeV BDT

* 2.30 b (13 TeV

CMS*Preliminary

—_
o
'

—=8—— Observed 95% upper limit

Expected 95% upper limit

L1~

Expected limit + 1 std. deviation

Expected limit + 2 std. deviations

radion (Ag=1.0 TeV, kL=35)

re
o
w

2HDM, tanp=0.10, cos(p-a)=0.10
m,,=0 GeV, m; =125 GeV, m =M=,
Type |

Type Il Upper Ilmlt On .

cross section

— X®"™ _ HH) x BR(HH — bblivlv) (fb)

(pp

—

o
™

95% CL limit on o(p

i sl
\\\\‘\\\\\‘\M\\‘\\\\‘\\\\‘\\\\“'"\'ﬂ\\l\\

200 300 400 500 600 700 800 900
Spln O(GeV)

For 500 < my <900 GeV

pp—X—>H(bb)H(WW—>£v/v)

Obs. (Exp.) exclusion @ 95% CL: 174-101 (135-76) fb
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| W: X—H(bb)H(t1)

Analysis overview
® Likelihood reconstruction

of m_,

8
Mees My = ZZ@‘X?
80-160 GeV ¢

| Mpy . = Myy = My
reconstructed

2.7 o (13 TeV)

using kinematic fit

2.7 7 (13 TeV)

> 2L CMS bour, & Data > CMS bber, ¢ Data
8 preliminary channel [ tt 8 preliminary channel [ tt
< QCD < QCD
i [ Drell-Yan i [ Drell-Yan
= [ Other bkg. = [ Other bkg.
£ W\ bkg. uncertainty £ WY bkg. uncertainty
[S m, =800 GeV [S m, =800 GeV
O m, = 450 GeV o my, = 450 GeV
zZ —— m,, =300 GeV zZ —— m, =300 GeV
© o(pp— H) x BR (H— hh) = 10 pb © o(pp— H) x BR (H— hh) = 10 pb

300 400 500 600 700 800 900 1000

mi™ [GeV]

|

!
300 400 500 600 700 800 900 1000

mi™ [GeV]

95% CL limit on o(pp — H) x BR (H — hh — bbrr) [pb]

Results — Run i

107"

1072

10E

combined.channels

: U'pper limit on | :
pp—>XsPin0—shh—bbtr xsec
Obs. (Exp.) @ my,=300:

4.0 (3.6) pb

—e— Observed CLs
--e-- Expected CLs
fE==E Expected = 1o
Expected = 20
PRI T N R SR

el
300 400

700

800 900
my [GeV]

600
Spin-0 limit at 8 TeV:

Obs. (exp.) @ my=300 GeV:
~ 5.4 (7.8) pb

CMS-HIG-15-013

LHC SKI 2016 — Daniel Salerno
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IWNon resonant H(bb)H(tt)

Analysis overview
= Very sensitive to BSM physics

8§ +b H

SM
P 1,b
production g

b
m | ikelihood reconstruction of m_,
> m.., m, = 80-160 GeV
® My, . = My, final discriminant

2.7 b7 (13 TeV) 2717 (13 TeV)

N Bkg. uncertainty N Bkg. uncertainty
— k, =1(SM) o x 50

s--k, =20

—— Kk, =1(SM) o x 50
ce-k, =20

> CMS ™, 4 Daa S [[CMS  tver, ¢ Dam

8 1-preliminary channel g tt 8 | preliminary channel g tt

= QCD = r QCb

= [ Drell-Yan = [ Drell-Yan
£ [ Other bkg. £ [ Other bkg.

£ £

S S

=z =2

© ©

"

S .
200 300 400 500 600 700 800 900 1000
My, [GeV]

200 300 400 500 600 700 800 900 1000

My, [GeV]

95% CL limit on o(pp — hh) [pb]

Results — Run i

27" (13 TeV)

10°

M

ECMS bb wr_ + b ex, +bb 1,
preliminary combined: channels
102 E
b e
’ N b -
£ W ffﬂ Ratio of
F anomalous
[ = Theory o (pp—~hh) agn
» K \ / H3EH Theory syst. uncert. tl‘lllnear
10°F \/ Y Beewdcs | | coupling to SM
[ I Expected + 1o coupling
E . L o V. o , E.xp:ected .=2:.1 o _ SM
10°55 =T 0 10 20 35 (Ka=Annn/AMhn)
Ky =M/ )‘ﬁm -

Upper limit on pp—hh cross section
Obs. (Exp.) @ k, =1: 8.8 (7.2) pb
~ 230 (190) x SM prediction

At 8 TeV:

Observed (expected) limit = 53 (84) x SM prediction
CMS-HIG-15-013

LHC SKI 2016 — Daniel Salerno
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Summary

Strong Run | results for CMS and ATLAS:
> Significance (c) CMS Obs. (Exp.) ATLAS+CMS Obs. (Exp.)

ttH production 3.6 (1.3) 4.4 (2.0)
H—bb 2.0 (2.5) 2.6 (3.7)
H—tt 3.2 (3.7) 5.5 (5.0)

» H—pu/ee low sensitivity — still needs more data
Di-Higgs: BSM exclusions, on the way to SM HH sensitivity

More data in 2016
» Expect ~ 30 fb-! by year end
> All analyses will reach higher sensitivities than Run |

First results for VH/VBF, H—=bb, H—1t, & H—=pp/ee in Run Il
Updated ttH, H—bb results — including fully hadronic channel
Observations of new physics?

LHC SKI 2016 — Daniel Salerno 21
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VH, H—=bb

PRD
Analysis overview Results — Run | it (014) ¢, ;

® Channels include: W(uv)H,
W(ev)H, W(tv)H, Z(uu)H,

107

{s= 7TeV,L=5.0fb™
s= 8TeV,L=18.9 fb™ [] Background

Entries / 0.25
)
[+2}

£(ee)H, )R e

® Major backgrounds: V+jets, tt, 10°
single-top, VV "

®m Associated vector boson tagged 1
using leptonic decay E i

= H-sbb reconstructed from pair of g . T
b-tagged jets with highest p+(jj) = osE- =
» B-jet energy regression to _gsp Aeeiom E

improve m; resolution §O tpeeeeert et e e
= Boosted p; of V or H required i T

® BDT discriminant
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Fully

Hadronic

VBF H—=Dbb

Analysis overview

pp—qqgH has large cross section
Major backgrounds: QCD
multijet, V+jets, tt, single-top

2 forward light quarks

> [Angyl>2.3, 3.5 (trigger dependant)
> mg, > 250, 750 GeV

H—Dbb reconstructed from pair of
b-tagged jets with A¢,, < 2.0

> B-jet energy regression to
improve m; resolution

BDT discriminant for signal/QCD
separation and categorisation

Invariant mass final distribution

Results — Run |

Data - Bkg Events / 2.5 GeV

95% Asymptotic CL Limit on o/og,,
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S

450F cMS Category 4
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\
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L
115

| 5.5 (2.5)

2.2 (0.8) sigma excess
observed (expected)
@ 125 GeV

Best fit p = olog), =
2.8 +1.6/-1.4
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ttH, H—Dbb

Analysis overview

Small cross section, but provides a
direct probe of the Higgs/top
Yukawa coupling y;

> Important since y, ~ 1 in SM
Lepton+jets & dilepton channels

Major backgrounds: tt+jets (including
tt+bb), single-top, V+jets, VV, tt+V

1 or 2 opposite sign leptons

At least 4 (I+jets) or 3 (DL) jets

> Including at least 2 b-tags

» Boosted top and Higgs in Run lI
Several event categories

> Based on Nigs and Ny jes

jets

BDT and Matrix Element
discriminants used

CMS Preliminary

40

BDT

Post-Fit (S+B)
{s=8TeV,L=19.51b"

Events

Data/MC

Data/Bkg
o n‘a
L .°

Lepton + =6 jets + =4 b-tags

W Fit +10

Fit +20

0.8 06 04 02 0

Combination

Lepton + Jets

Dilepton

02 04 06
BDT output

(s=8TeV,L=19.51b"

=== Expected = 10
----- Expected + 2 ¢
— Observed

Obs. (Exp.)
5.2 (4.1)

@/IS Preliminary

10 15 20 25 30 35
95% CL limit on o/og,, at m, = 125 GeV

Best fit y = 0.9 +2.5/-2.4

1G
- N‘S_\?Pﬁ‘“ Results — Run |

4 075
(2015)25
1

Matrix Element

19.5 b (8 TeV)

P,,<0.5[P,>0.5
M m SL Cat-1 (H)
(I tiH (125)
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I Single top
tt+W,z
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— ttH (125) x 10
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=5 Expected = 1o
----- Expected = 20
rrrrr Expected (sig. inj.)
-M- Observed

SL—

DL —

Obs. (Exp.)
4.2 (3.3)

10
95% CL limitonu = vx/rxsuI at m, =125 GeV

Combined

Best fit p = 1.2 +1.6/-1.5
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lepton + jets

dilepton

% ttH, H—>bb

Results — Run I
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Analysis overview

Channels include: ttH(ZZ*),
ttH(WW?*), ttH(tr)

» Leptonic top and Z,W,t decays

» 1 hadronic top and Z,W,t allowed

Major backgrounds: ttV, VV,
QCD (fake leptons)

At least 2 (same sign) or 3
leptons

» Z mass veto

At least 4 or 2 jets

> Including at least 1 b-tag
Several events categories

» Based on lepton flavour and b-tag
BDT discriminant

Results — Run i

CMS Preliminary

237 (13 TeV)

j2}

§ 207-“,_‘ dilepton

fir 18}517_7; E
16§F:ke

Data/Pred.

CMS Preliminary

-1-0.8-0.6-0.4-02 0 02 0.4 06 08 1

MVA (ttH, ttV)
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Obs. (Exp.) 3.3 (2.6)

trilepton
u<11.7 (5.4 exp.)

dilepton ¢
u<2.1 (2.7 exp.) i

combined g
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~@ Exp. (95%)
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Pasay® & N & & & o

-1-0.8-0.6-04-02 0 0.2 04 06 08 1
MVA (ttH, V)

CMS Preliminary 2.3 (13 TeV)
my, =125 GeV

Best fit y = 0.6 +1.4/-1.1

trilepton
- +3.3 e s
w= 5'8-2.7

dilepton
w= -0 5+1.0 —i—

4 2 0 2 4 6 8 10
Best fit u = clcsSM
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H—tt

Analysis overview

Production: gF, VBF, VH
3 channels: LL', /+Lv,, ¢/+LL
> ee, Uy, ey, ety,, UT,, ThTh,

> UHUTy, etuT/utet, ettt U,

> (L + Ty, eTy, el, T,
Major backgrounds: DY Z—tr,
VV, W+jets, tt, QCD multijet

Likelihood reconstruction of m_,

Several event categories

» Based on NJ-

BDT orm_ orm

ets?

N,epS and /, T, H p;

Vis

discriminant

1/dm,, [1/GeV]

CMS Simulation /s = 8 TeV

Results — Run |
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| W H—11

1500
1000
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2000

Results — Run I Dec 45
ut, 2.2 (13 TeV) er, 2.2 (13 TeV)

% — T % 4500 — —r——— —————— —————————

G 10000 __CMS No Fit ] G 4000 CMS No Fit
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Ay . Z i . T 3500 .zl

«» 8000 [ tt + jets -] 2 3000 [ tt + jets
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Visible di-t mass distribution in LL' events (ut,, and et, channels).
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H—pu/ee

Analysis overview

Small branching ratio
> Cleanest of fermionic decays

» Test of Yukawa coupling to
second/third generation fermions

Major backgrounds: DY Z/y—//,
tt, VV

Search for peak in m,, spectrum
» Over smoothly falling background
Several event categories

Based on N and p(UH) / Mg

Signal extracted by fitting m,,
with parameterized bkg+signal
in all categories simultaneously

Events/1.0 GeV

Data-Fit
Fit

Q
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®
o
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o
S

IS
o
=]

n
=]
S

Results — Run |
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| Wﬁ X—H(bb)H(bb)

Analysis overview

Several BSM models posit
narrow-width HH resonances

> e.g. gravitons in extra dimensions
» Production cross section unknown

Search in 2 mass regions:

» 260-400, 400-1200 GeV
Backgrounds: QCD multijet, tt

» Data driven from side-bands

» GaussExp fit in SB and inverted SR
At least 4 b-tagged jets
Reconstruct H-H pair requiring:

> | my,,— 115 | < 34 GeV

>/ Am3, + Am3,, < on (17,23 GeV)

Events / 5 GeV

Pull

Results — Run I 16-00,
_ 2.3 b7 (13 TeV) 23" (13 TeV)
ook oM oy 4 Datain SR % g oM 4-Datain SR
i Low Mass s Medium Mass

Pull

Za
250 300 350 400 450 500 550 600 650 700 7
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50

7200 600 800 1000 1200 1400 1600 1800
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I m X—H(bb)H(WW)

Analysis overview Results — Run i

m E t d . . d I d . t o CMS Preliminary 230 b (13 TeV) N CMS Preliminary 230 o' (13TeV)
F T T T T T T = F T T T
=3 = - k=] C
a dimensions moaeils predaic a T E i
X r I n I n pr I s 40 = mn U u channel Sl (1 pb) EDelYan S 160 uw + ee + ue + eu channels Sg - -D van
2 = i 1 2 — 400 GeV I Single top ]
o L & 2 7mX:650 GeV ' W —
resonances & 2 | rmevmw

Uncertainty SM Higgs ]
my= -

> e.g. spin-0 radion, KK-graviton ; 650 GeV

® bb/v/v channel: yu, pe, ey, ee
® Major backgrounds: tt, DY,

| g T

single-top i o & HI““ ““*”” ;

m 2 OS leptons with m,, > 12 GeV
25 T T T

sssss

= At least 2 b-jets g
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I —a— Allregio
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. h\gh-BDT-scores & m"-P m- high-BDT-scores & m"-P B
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» BDT used to defined categorles

® Maximum likelihood fit to all
distributions
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| Wﬁ X—H(bb)H(t1)

Analysis overview Results — Run |l 6-073
m Search for heavy Higgs boson ) )
. . . _ 2.7 (13 TeV) _ 2.7 (13 TeV)
decaying into two SM Higgs 3 EoMS ey T 3 EMSy B
> e.g. singlet model, MSSM all o Orer . = o Ot v,
= Dopemeey | 5 N
» Unknown heavy Higgs mass S Mgl g Mmooy

_k
Q

= 3 channels: bber,, bbur,, bbt,t
®m Major backgrounds: tt, Z+jets,
QCD multijet
m 2 OS leptons and 2 b-jets
> No extra leptons
® | ikelihood reconstruction of m_,
= 80 GeV <m,_, m, <160 GeV

" m,,..=m,, = myreconstructed
using kinematic fit

0

300 400 500 600 700 800 900 1000
minfit [GeV]

M
300 400 500 600 700 800 900 1000

miinit [GeV]
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I%Non resonant H(bb)H(tt)

Analysis overview Results — Run Il 76~012
® Higgs pair production very
g . 271" (13 TeV) 2.7 (13 Tev)
sensitive to BSM physics T T S [CWS _®w  + om
Q 1l-preliminary channel -gCD g Epre/lmlnary channel -tct)CD
» Modelled by additional couplings = I OrolYan =k I Drsl Yo
® 3 channels: bber,, bbyurt,, bbt,t, 2 et ™
® Major backgrounds: tt, Z+jets, : .
QCD multijet
m 20Sleptonsand 2 b-jets ~f | b
> N o eXtI’a “ /e 200 300 400 500 600 700 200 300 400 500 600 700 sxhhszg)ev;oo
= Likelihood reconstruction of m_,
= 80 GeV <m,_, m, <160 GeV
= BDT vs. tt used in bb/t,, channel
® mg,. .= M., final discriminant
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