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Introduction

my, =50,0 m,=~21v

“» SM Higgs sector is a single free J
parameter model.

» Fixing the model by measuring the
Higgs mass completes the SM scenario.

» The model predicts couplings to all
SM particles (~m for fermions, ~m?
for bosons)

» Everything else is testing for BSM |
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ATLAS & CMS bined : o o
PRL 114, 1918(;)(?’(]2(';;.(25) g The b'g p'Ctur‘e @ 8 Tev
ATLAS & CMS combined couplings:

ATLAS-CONF-2015-044/CMS-PAS-HIG-15-002

ATLAS J: Eur.Phys.). C75(2015)476
CMS J: Phys. Rev. D 92, 012004

my = 125.09 +0.24 GeV
125.09 £0.21 (stat) £ 0.11 (syst) GeV

ATLAS do/dx: Phys.Let. B 753(2016)69 o oo oo w0
CMS do/dx : JHEP 04 (2016) 005 = 1.09"7 15 = 1.09°5:07 (stat) *ggy (expt) *53 (thb"d) (th““}

top from ggH production x-section

E>|> 7II\I| T T T \\IHl T T T TTTTIT T T T \II||| tl i g 3 T T T | T T T T | T T T T | T T T T I T T T IAlTLIAISIHI I T T T |
| ATLAS and CMS ] -- =YY |
PN el C ATLAS and CMS --- ATLAS HoZZ-4
F LHC Run 1 Preliminary -~ % 3 o)) LHCRunt1t CMS H—yy _
S - e S 28— CMS H—ZZ -4l  —
. L W f = T — All combined i
£ |> 10 'k — Observed - n P S. T
N S SM Higgs boson 3 © 5 % Bestfit i
- ] _5, b —— 68%CL —
i 1 %) ' i
-2 = . 4 — T A -
10 E IE E \ X . .
. <1 ] 1 ' _—
: b : g g’ ‘| i
_3 T X ¢ ]
10 §— M SM _% e "/' N
1074 E :

_II\Il 1 1 \\\IHl 1 1 \\\\Ill | 1 \\Illll . 0

10°" 1 10 102 126 1265 127

Particle mass [GeV] m,, [GeV]

p4 P. Brickman de Renstrom



So far the Higgs...
looks like SM,
sounds like SM, | g
Sme”S Ilke SM T Kibble G.Gualnik RC.Hagen F.Englert = ‘P.Higgs

But:
CONSISTENT with SM = INCOMPATIBLE with BSM

< Essential questions:
>Is the 125 GeV Higgs the only one (extended sector)?
>Is it responsible for all the particle mass?
»Is it fundamental?

“» Need to define models of interest. Most popular are additional
EW singlet, 2HDM, NMSSM, composite Higgs, etc.

< All allow for SM-like light Higgs phenomenology with smaller or
larger coupling modifications.

% Most predict additional (heavier) states in the scalar sector.
p5



ROADMAP

'

Explore the 125 GeV Higgs
% Production rates (ggH,
WH,ZH, VBF, ttH, HH, tH, bbH)
< Decay widths (yy, ZZ, WW, bb,
T, Uy, Zy, etc.)
<+ Couplings to SM particles
< Spin and parity
% LFV, H->a0, H->inv, etc.
< Are these consistent with SM?

\

How much of the
can current data

po

\

Explicit search for BSM objects
» Heavy neutral CP-even and CP-
odd states (yy, ZZ, WW, bb, tt, HH,
HZ, 1)
< Heavy charged Higgs (tv, tb, WZ,
cs, etfc.)
<+ Any deviations from SM
backgrounds?

v

BSM scenarios
exclude?



Having collected ~3.2 fb-1/exp @13 TeV

“+» Limited increase of x-section _INNNNNNETEEEEES

for 125 GeV Higgs (~ x2)
» Cannot yet compete with
20 fbl/exp @8 TeV

+» For various high mass
searches we have already
increased our reach!

)

T13 TeV/08 Tev

- Gluon Fusion 43.9 19.27
Vector Boson Fusion 3.748 1.578
WH 1.38 .70
/H .87 42
ttH 51 A3
HH 034 008

(4 Ls/Li3 CMS

[4 Ls/Li3 ATLAS !
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o oo eV Higgs
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Additional Electroweak Singlet

“»The simplest extension fo the SM Higgs sector involving the addition of
one scalar EW singlet field to the doublet Higgs field of the SM, both of
which acquire non-zero vacuum expectation values.
“*Mixing between the singlet state and the surviving state of the doublet

field results in two CP-even Higgs bosons, where h (H) is the lighter 125 GeV

(heavier) of the pair.

2
? gy, = K X [T.ﬁ.SM

uy = K7 (1-BRy )

k2<0.12 @95 CL
Exp: 0.23

ATLAS:
JHEP11(2015)206

BI:{H,nt-:-w

ATLAS Preliminary
\s=7TeV, 45-4.7 fb’
\s=8TeV,20.3 "

EW singlet
— == SM
Obs. 95% CL: x?<0.12

01
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ATLAS:
JHEP11(2015)206 2HDM Models

< Generic class implementing a second Higgs doublet.
Type I: One doublet couples to vector bosons, the other couples to fermions.
Type II: one doublet couples to up-type quarks, the other to down-type quarks and

leptons: .,MSSM -like"
Lepton-specific: couplings to quarks as in the Type I model and to leptons as in Type IT.
Flipped: couplings to quarks as in the Type IT model and to leptons as in Type I.

Inverted coupling to

tanp = v /v
E P 2/v down-type fermions (t,b)
| _ | E
3;1)% + U% — 02 ~ (246 GeV)2 2HOM Type | ATLAS Preliminary sioMTypel  ATLAS Preliminary
3 7 (BDZ:[- 515% et ls=7TeV, 4547 1rb" T g::t ;5% ct s {7 eV, 4547 10"
2 . - === Exp. 95% CL 19=8TeV. 2030 - - - - Exp.95% CL e sprev. 203k
g, = gm0
© SRR
" OHDM, SM  _ _ . | : ‘:
vy [9pyy = cos(B—a) ) R :
o LR 5
< ,Decoupling”: A, H°, Htmuch e JSOKS S
heavier than the light h ) \ | SEL olelek
e 0 04 R oSeledeed: odeded
<+ Decoupling is not necessary. o3 %% %% o0k
f F oot At oy
cos(B-a)—0 recovers 02 | ype |
PO 000099 he

pr'oper'TieS Of the SM nggsl 10 R T 0 0 0500608 1

h...A..A .
. 2 cos(B-a)  cos(p-a)
.Alignment #ﬂ
P



Simplified hMSSM f;éﬁiél(ZOlS)ZOG

<» The dominant top and stop radiative corrections to h mass are
used to infer effective couplings to h of the mass 125 GeV in the
hMSSM model.

<+ The couplings depend exclusively on the m, and tan(p)
parameters and follow from the diagonalization of the light and
heavy CP-even Higgs mass matrix:

s (my tanf)+tanf s, (m4.tanf3) [ Obs., h couplings [k, k,, k] ] Obs., H—2ZZ- 4I, Il qq/bb/vv
o KV - o D Exp. T Exp.
=] V l +tan” ﬁ I:l Obs., A/H-1t By :bS., H— WW- Iv qq/lv
. 5 | T eeeeeen Xp.
[ I IELL bbbt Exp.
Obs., H'
o l+tan2,8 [] obs., A Zh— li/vv bb IFI Ex: o
K, = s, (my, tanf)—— | Exp. '
8 tu u A 18 [dllﬁ @ e T
E .

-~ 'i U T T T T T T T T L
5 40 § i
| kg = sgimy.tanB) /1 +tan™ g | 30 : ]

s»» Results overlaid with various
exclusions from direct searches.

1s=8 TeV, 19.5-20.3 fb'
< Able to constrain uniformly in 0 \\MSSM, a5% CL s

wide range of tan(p). NN e
m,>370 GeV obs. (310 GeV exp.) P e

1s=7 TeV, 4.5-4.7 fo”'




q q

;. z Invisible Higgs Decays

1) VBF Higgs production with Higgs decaying invisibly. Signature: Two jets
with a large pseudorapidity gap and a large invariant dijet mass, fogether
with large ET, ;... [CMS: CMS-PAS-HIG-14-038, ATLAS: arXiv:1508.07869]

2) ZH associated production, with Z ->Il and Z->bb with H->inv. Signhature:
OSSF leptons (electrons or muons) forming a Z with large ET, ...

[CMS: Eur.Phys.). C74 (2014), ATLAS: Eur.Phys.J. C74 (2014)]

3) VH (W or Z), where V->jj and H->inv. Signature: m;; consistent with the V

mass, fogether with large ET, ;. [ATLAS: Eur. Phys. J. C(2015) 75:337].

@ 125 GeV: 19.2 b (8 TeV)
0 CMS: The direct limit from VBF: - CMS 96% CL limits

[ Preﬁmmaf}f —— Observed limit

ra
n

B(H— inv) [pb]

BRinv<O°5 @ 95 CL (040 CXP) 2: WBF H — invisible ---- Expected I?m?t
O Comb: [CMS-PAS-HIG-15-012] s e it
BR, <0.36 @ 95 CL (0.30 exp.) s f L2 Gy (SM)

Q ATLAS: The combined direct limit:
BR;,<0.25 @ 95 CL (0.27 exp.)

O When combined with the visible

modes (yy, ZZ" WW~, Zy, tt, uu, bb):
BR,<0.23 @ 95 CL (0.24 exp.)

14 D Rriickman Aea Ranctr



Higgs Portal to DM

CMS: Eur.Phys.J. C74 (2014)
ATLAS: JHEP11(2015)206

calculate the cross-section [Kw, Kz, Kp» Kos Koy Ky Kgs Ky, Kz, BR ]

for WIMP-nucleon

No kyz assumption: BR_ <0.22 at 90% CL

C\E‘IO'SQ_L I‘_.II'IlTll T T T TTIT] — TTIIII_—I
O _ p—
ATLAS: Combined |Iml1' g 10-41:_ _:
(BR,022 @90% CL) % .. in 5
is converted to couplings to =~ 2 107 o .
WIMP for either scalar, S . s i
i ; c 10 o —
Majorana fermion or vector = ¢ [ O
particle & 1947 \s=7TeV, 4547 16"
o : e \s=8TeV, 203107
= These < Then used 1'0 Dg_ 10-49 Vis. & inv. Higgs boson decay channels |
=
=

: , 10’ .
scattering, to be directly L) DAMALIBRA9.7% CL)  ATLAS90%CLin
compared with direct DM 1053 L T3 GOMS 81 (859 L) riggs poral mede®

. BN CoGeNT (99% CL) wee Scalar WIMP- 7
search experiments. 55— CRESST I (90% CL) #+ Majorana WIMP "4
o . . . 107 - SuperCDMS (90% CL) w2 Vector WIMP - —
“+»The main assumptionis | = [ ... XENON100 (90% CL) ]
ThaT Higgs is The Only 10-57 I I.l ------ ILU)I( (Igol/lo RIT)l | | L1 1 11 I| | | L 1 11 I-|+
mediator. 1 10 ' 10° 10°



CMS:PLB 749 (2015) 337

ATLAS:arXiv:1508.03372 LFV nggs decays

<+ LFV highly suppressed in SM due to
renormalizability requirement.

% Possibility of sizable LFV predicted in
various BSM models (2HDM, composite
Higgs, RS, etc.)

% Indirect limits on BR(H—ty) from
searches for t—uy weak O(10%).

Best fit branching fractions
T0.66 T0.85 T158
R ek et B T
| M | 0727702 0.037) 2. - 124706
% .HT,_,_ 0.897 37

“» CMS reports an excess of 2.5c.

% ATLAS (only 1,4t channel):
BR(H—ty »<1.85% @ 95 CL
( Best fit: BR(H—>tw)=(0,77 £ 0,62)% )

* Run 2 has to follow-up!

pl6

S/(S+B) Weighted Events / 20 GeV

Events / 10 GeV

197 fb (8 Tev)

L CMS

T
|:| LFV H-ut signal (B= 084/6)

Bkgd. uncertainty

—e— Data-Bkgd

w
T

r
[$)]
[T

\*]
TTTT[TT1

—+— Data 2012, 20 fb™
i H(125) — 1 (BR= n.17%}:
B Z - tc+jets (0S-SS)  —

W + jets (0S-SS) J
- Same Sign -
Bz 5+ VV(OSSS) |
777 syst. Une. .




Explicit search for BSM objects
@13 TeV



X->Z7

“» The search is for a resonance of m;=140 (200)-1000 GeV for CMS

(ATLAS).

< Search is based on selection from h(125) ->ZZ->4| analysis.
ATLAS: ATLAS-CONF-2015-059 CMS: CMS-PAS-HIG-15-004

_5102:‘...|....|....‘....‘....‘....‘....|....: AWQ::CMSPreﬁminary 287 (13 TeV)

= C ATLAS Preliminary - Expected i £ ¢ —— Observed 95% Cls
‘T" L — Observed - JESEEE =0, expected = 1 s.d.
N L 13Tev, 32107 Hzio D A S e I'=0, expected = 2 s.d.
N s—z—a =20 ) I=5Gev
n N e, T =20 GeV
% 10E E ;L i 7 0, S T = 40 GeV
x t
o 3
& ©
5 4 1E
2 o |

200 300 400 500 600 700 800 9001000 200 300 400 500 600 700 800 900 1000
m, [GeV] m, (GeV)

<+ Searched in the llvv channel as well with no signal observed:
ATLAS: ATLAS-CONF-2016-012 CMS: CMS-PAS-HIG-16-001

% Searched in the llqq in both boosted and resolved regime:
ATLAS: ATLAS-CONF-2016-016

Collider Physics 13/05/2016 p18 P. Brickman de Renstrom
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v
N

11

T T T T T T T T T T T T T T I T T T T I T T T
- ATLAS Preliminary

ATLAS: ATLAS-CONF-2016-010

1

pp—>X—2Zy
Vs=13TeV, 3.2 fo’

N

i

X
« Z->ll +y (250-1500 GeV). g 10°F E
> 2 same flavor, opposite sign leptons z :
consistent with Z. é - .

g 10 Z—eeuu —
+ Z->qq +y (720-2750 GeV): E F o oo ]
> Jets reconstructed as a single 3 [ Teeemome

§ 500 1000 1500 2000 2500 3000

large-radius jet with pT >200 GeV

m, [GeV]

CMS Prellmlnar 27" (13 TeV
300""| y‘l\ll\lllllllll(l‘lll)_

W =0.014%

— Observed

- Expected + 1o
------ Expected + 20

CMS: CMS-PAS-EXO-16-019

+ Z->Il +y (400-2000 GeV):
> Similar sensitivity

95% CL UL on o x BR(A—Zy) [fb]

0 [

400 600 800 100012001400160018002000
Resonance Mass [GeV]

Collider Physics 13/05/2016 p19



A->Z/W+h, H->ZA

*A—>ZH (or H->ZA) with H being

either the heavier or the lighter CP-even
state a powerful probe of 2HDM models.

% For m,<2m,,, this may be the
dominant decay mode of the CP-odd A.

ATLAS: ATLAS-CONF-2016-015
A->Zh->vvbb, llbb
-Resolved/boosted bb (p,Z</>500)
-1/2 b-jets

-Limits (200-2000) in ggF or bA/bbA
-Dominant backgrounds of Z+jets and
ttbar are constrained in CR from data

CMS: CMS-PAS-HIG-16-010
H->ZA(llbb)

-2HDM with "twisted custodial sym":
My> My

p20

st oadibibi

95% C.L. limit on 6(A—Zh)-BR(h—>bb) [pb]

|IIIl‘I\Illl\l\lllllll\lllll\Illllll\l\l
L . —e— Observed (CLs)
= |ATLAS Preliminary ~*~ Expected (OLs)
F \sk13TeV, |Ldt=32f"'mE@*1o
]+ 2 ]
\ A—Zh— Zbb — . Z—vv expected (CLs) |
\ -.-.- Z— Il expected (CLs)

IIII‘ILI \I\IIIIII\IIII\'IIII\\
00 400 600 800 1000 1200 1400 1600 1800 2000

m, [GeV]

105 23fb' (13 TeV)
o10%
= | CMS T veres
L | Preliminary —; G

107 2 std. deviation
o S einizl,

10° 3

10°E

10¢

E 2HDM type-Il

I cos(p-a) = 0.01
3 1IIJIIIlIIlIIllILII{JILJI\Jl\}l\l‘Jl\lllll
50 100 150 200 250 300 350 400
m, [GeV]




HH production

» Higgs self coupling already in the SM: V=aH?+bH3 +cH*
“» HH Cross-section largely enhanced in BSM models:

» Composite: factor <3, T o—
> Singlet models: factor up to 15, ‘ H,) )
> 2HDM models: factor up to 50 | |4y Sy

g "oooon

< Current experimental limits still far from SM expected rates.

% SM prediction @ 125 GeV: 9.9 £ 1.3 tb

p2l



ATLAS: ATLAS-CONF-2016-017

hh -> 4b

CMS: CMS-PAS-HIG-16-002
hh -> 4b

HH production

ATLAS: ATLAS-CONF-2016-017

hh -> bbyy

CMS: CMS-PAS-HIG-16-012

hh -> bbtt (non-resonant)

CMS: CMS-PAS-HIG-16-013
hh -> bbtt (resonant)

5 10T T T3
= E ATLAS Prellmlnary —_ Bulk RS k/MP|_20 3
o) B {s=13 TeV, 3.2 fb™ —e— Observed Limit (95% CL) -
2 103' ------- Expected Limit (95% CL) |
o] E I Expected +1o 3
1 g Resolved | Boosted Expected +20
£
T 100
N
(}; 10
a o
o C
U1.|‘..‘|.."|‘...|‘...\‘.H|
500 1000 1500 2000 2500 3000
Mg [GeV]
2.7 b (13 TeV)
H | prefiminary. ‘ ’,ed channels.
2 :
T
1
<
o«
]
X
T
T
/ g
5]
5
E
. [ --e-- Expected CLs
S [ @8 Expected s Cpm—
‘g ----- Expected + 2¢
o [P R R
300 400 500 600 700 800 900
my [GeV]
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ATLAS: ATLAS-CONF-2015-061
A/H ->tt
ggF and bA/bbA production

ATLAS: arXiv:1603.09203
H*->tv
t-associated production

H->1

ATLAS

o \s=13TeV, 3.2 fb" B VisiD e/ — 1 ---

[ Diboson [ tt & single-top E
B Z+jets [ MisiDj— < E
- H" - v 200 GeV (x5) 7
O wajets e H* — v 1000 GeV (x1 0)=

—_

Data / SM

2
5
Tttty
5 t
0

10°

10°
my [GeV]

%807\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\
& | ATLAS Preliminary, 1s=13 TeV, 3.2 fb’
70 hMSSM scenario
F H/A — 11, 95% CL limits
60’ —&— Observed
E --- Expected
50,_ x -;Z
C g ——— ATLAS Run-I (Obs.)
40 r 1 P :TLAS Hun-lll, SM(:I;:g;
n £ oson couplings (Obs.]
300
20 .
10
A/ \\\‘\\\\‘\\\\‘\\\\1\\I\‘\\\\{\\\\‘\\II

200 300 400 500 600 700 800 900 1000 1100 1200
m, [GeV]

ATLAS
\s= 13 TeV, 3.2
H" — 1v; hMSSM scenario

; Observed exclusion
T Run1tresult - Expected exclusion
o5 — = Observed I+t

- ---- Expected [J+2c
20L

200 220 240 260 280 300 320 340 360
m, [GeV]

W
[9)]
T




Search for diphoton resonances (X->yy)

1) Clean signal over well determined SM background.
2) High mass resonances decaying to yy predicted in various BSM scenarios.
3) Benchmark models exist on the market.

Spin-0 Spin-2
(e.g. extended Higgs sector) (e.g. Randall-Sundrum graviton)
s 2HDM class of models ¢ Kaluza-Klein excited state of the
% ho,|H9, A9 H* graviton (TeV-scale)
» Loop-induced decays can < Tower of states
have sizable branching ratio +» Predicts universal couplings
to photons to SM fields (x/Mp)

% mg, T~ (k/Mp)?

.
kN

* Owing to the Landau-Young theorem, vector resonances are excluded

p24



X=>yy

8 TeV legacy

ATLAS: PRL 113, 171801 (2014) CMS: Phys. Lett. B 750 (2015) 494
— 197fb (BTeV)
‘T> S ! ! 22;)0:_ ! I 3 :é; h C‘MS AII classes combmed T
> . ATLA 20008 B 10 { Data
S 10 E 1800 E o Clv+y
- E 1600 3 3 0y +jet =
£ — - 10 =
..g B :ggg N "g Bkg uncertainty
~ 10 = 1000f - Data E 2
2 = 8005__con|inuum+H fit (m, = 125 GeV)] 3
° - 600F- - Continuum component of the fit §  _|
10 WE TR 0T -
Fis =8 TeV, _[l_on= 203" T4 + .
1E = —e— Data t E
= —— Continuum+H fit (m, = 125 GeV) ﬁ ﬁ
1| — Continuum-+H fit (m, = 250 GeV)
10 E— Contmuum+H flt (mx = 500 GeV) |
100 200 300 400 500 600 700 %
m,, [GeV] 8 -
m,, [GeV]
. : 1l97fb (8TeV)
9& B AII cla‘sses cor:1b|ned 0]
::g - CMs I'y= 0.1 GeV; spin-0
. :'1 o! —— Observed E
Spin O narrow s "
. T - Expected + 16
Search for narrow hypothesis B i 2o
102

scalar resonances

Limit on J=0 reported

for 65-600 GeV Limit ~fb-!

Collider Physics 13/05/2016

(spin 2 very similar)
wide & narrow tested

107° &

@750 GeV

200 300 400 500 600 700 800

p25




X->yy - 8 TeV legacy

ATLAS: Phys. Rev. D 92, 032004 (2015) CMS: Phys. Lett. B 750 (2015) 494

197fb (B TeV)

o) N T\ L I I :C:I.) | Y classes combmed i

a ATLAS — Observed limit —| 10 { Dam E

= _ ---- Expected limit o vy ]

?I: g,*_?xv [ Expected £ 1o ‘; - ETH'GH _;

*QJ 10" E)Eemed t20 e [7]Bkg uncertainty 3

= — K/, = 0.01 o

3 — /M, = 0.03

o I/M,, = 0.05

— KM, = 0.1

I Ldt=203fb"

Data/Bkg

m,, [GeV]

197 1" (8 Tev)
g - CMS ‘AII cla‘ssesconlﬂ;lned o
3 3 I'y= 0.1 GeV; spin-0
N ot 3 —— Observed =
Spln O narr'ow ? -Expectedtm
Search for narrow hypothesis B o
J=2 resonances. (spm 2 very Slmllal") o

wide & narrow tested

107

Limit on RS scenario
reported for Limit ~fb! @750 GeV
0.5-2.6 TeV

Collider Physics 13/05/2016 P26
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b e L

X->yy @ 13 TeV

CMS: CMS-PAS-EXO-16-018

ATLAS: ATLAS-CONF-2016-018
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(O]
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CMS Preliminary 2.7 fo"' (13 TeV, 3.8
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B=3.8T

Events / ( 20 GeV

Events / (20 GeV )

(data-fit)/og,,

Y
[=]
)

T

—_
o
ILERRLL|

CMS Preliminary 2.7 fo' (13 TeV, 3.8T)
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Search for diphoton resonances
X->yy (ATLAS)

1) Common pre-selection and photon identification
2) MV regression to calibrate photon cluster (0.6-1.6%, validated with Z->ee)
3) Photon isolation (calorimeter cone + track isolation)

Spin-0

Optimized for Higgs-like signal
“EY1>04m,, EY>>03m,
Effectively deplete forward regions
¢ Limit on fiducial cross section
¢ Search range:

m, = [200 GeV - 2 TeV]

[ /my =[0% - 10%]
+¢ Signal modeled as DSCB
(accounting for both natural width
and detector resolution)
¢ Bkg: functional fit from sidebands
faao (s b {ai}) = N(1 = x173)b yZwo 4002

Myy

X:\/E

P28

Spin-2

Targets RS KK graviton benchmark
¢ Loose selection:
E.¥1>55 GeV, E;¥2 > 55 GeV
¢ Search range:

m¢ = [500 GeV — 3 TeV]

k/M,, = [0.01-0.3]

[o/mg ~ [0.01% - 11%]
+» Signal modeled as analytical
convolution of RS-prediction and DSCB.
Bkg: MC+data CR -> high mass
Irreducible (yy): SHERPA yy including detector
simulation, reweighted to DIPHOX m,,
Reducible (yj, jy, jj): data CR (y ID)



Search for diphoton resonances
X->yy (ATLAS)

1) High efficiency for both converted and
unconverted photons

15_ATLASI Preliminary R
= Simulation . _*:_ b
0.95¢ +**,'++++#—¢—+——#f5
0.9F :# E
0.85F- i | Pythia prompt photon MC 3
0.8F + | 5=13TeV ]
TE 1 <0.60 -
0.7 E5° <4 GeV 3
0.7 e Converted =
0 65:— m Unconverted E
0 BEI L L o | | ) L IE
10 20 30 40 100 200 300 800
E; [GeV]

2) Isolation:

> Calorimeter (AR=0.4): E;*° < 0.022 E;¥ + 2.45 GeV
»Track p;s° (AR=0.2) p,i° < 0.05 E,Y



Search for diphoton resonances
X->yy (CMS)

1) Common analysis for spin-0 and spin-2: Two isolated photons with pT above
75GeV. At least one of which in the barrel (|n|<1.44).

2) Separate for 2.7 fb! (B=3.8T) and 0.6 fb! (B=0T)

No information on tracks momenta: Weakens power of isolation requirements
Complicates primary vertex selection (based on recoiling tracks). ®

No energy spread due to brem/conversions: Better intrinsic energy resolution and simpler
e/y extrapolation. Use more information on lateral shower profile. ©

x10° CMS Freliminary 271" (13 TeV, 3.8T)
— L S S H T T T I

3CMS  Preliminary 0.6 b (13 TeV, 0OT)
—x10° 522 Profminar Dot (73 Tev. o)

Events / (0.5 GeV

B=3.8T

Per-photon efficiency in the barrel: 90(85)% at 3.8(0)T.

60 |-

40

20

Z >ee
-+ data

Dsimulation

90 100

m,. (GeV)

Events / (0.5 GeV

15|
10}

i

- EBEB

Z >ee
-+ data

Dsimulation ]

B=0T
3) Split in'barrel-barrel(EBEB) and barrel-endcaps(EBEE) categories.

Per-photon efficiency in the endcaps: 85(70)% at 3.8(0)T.

90 100
m,. (GeV)



Search for diphoton resonances
X->yy (CMS)

1) Correct assignment of the primary vertex affects the resolution on the
reconstructed yy invariant mass.

2) py of the associated tracks are used for 3.8 T data and simpler track
counting for the O T sample.

CMS simuilation (13 TeV, OT)

—— —r———————————————
F m=750 GeV, I'/m=1.4x10* J=2. EBEB A
L True vertex

[ Chosen vertex

Avg vertex position

500/ ;
: - S

R0 720 " T40 780780800
m,, (GeV)

3) Signal model: convolution of line-shape with detector resolution.

4) Bkg model: parametric function of m  , independently for each cathegory.

5) Simultaneous unbinned likelihood fit to m  in all four analysis categories.

6) Profile likelihood ratio test statistics is used.

—

o

o

o
I




Interpretation of the results
X->yy (ATLAS)

Spin-0 Spin-2

E 1 04 § T T I T 1 7T I T 1 7T I T 1 7T | T 1 T | T 7T | L | LI I L [ g § 1 03 EI - - | T T - T I T T - T I 1 r - - I - r : : [ T T T T E

= F —— Observed CL limit  ATLAS Preliminary - = [ T Observed CLlimit = ATLAS Preliminary -

Cg 10° :_ ------ Expected CL limit \s=13TeV, 3.2 b ; ? [ Expected CL, limit g =13 TeV, 3.2fb" i

2 ; [ Expected = 10 I,/m, =6 % g 0 el [ Expected + 1o Spin-2 Selection |

c . i [ | Expected =2 o Spin-0 Selection - g:)a : Expected + 26 G'oyy, kM,=0.20 1

= E 3 b L ]

E - 3 c i
.| = - o

s 10 = 2 10 =

8 S E £ = E

D B b - E ]

- - _l | a

o 1= E < - .
N = 3 o=

& C 7 ro] L
3 - . o 1 E
10—1 PRI TR ST ST N N (T SN T S S S SN MR AN SRR 0 v v vy by by by by oy oy
200 400 600 800 1000 1200 1400 1600 1800 500 1000 1500 2000 2500 3000 3500
my [GeV] mg. [GeV]

Largest deviation from B-only hypothesis: Largest deviation from B-only hypothesis:

d m, ~ 750 GeV, I', ~ 45 GeV (6%) O mg ~ 750 GeV, k/M,, ~ 0.2 (T; ~ 6% m¢)
U Local Sign=3.90 U Local Sign=3.6 0
U Global Sign =2.00 U Global Sign=1.8 ¢
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Compatibility with 8 TeV results
X->yy (ATLAS)

* 8 TeV data re-analyzed: new y calibration + Run 1 selections + 13 TeV analysis
methods Spin-0

Spin-2
3 o ATLASPreliminary Data S § 105 ATLAS Preliminary w3
‘N; —— Background-only fit ‘:‘I, 10° Background-only fit ‘;I
T 10° = 3
: Spin-0 Selection 3 : . Spin-2 Selection .
10? Vs =8TeV, 20.3 fb" E Vs =8TeV, 203 fb" E;
10 é 10 —§
107" Ei 10" =
g 105 E AT 3 \ * =
s Wh 4 E O il |,l| ¥ Ly ‘o
WWWW_““_‘_‘
© 2 [ 3 o -10fF 3
g 105 | | E g _152_ 3
200 400 600 800 1000 1200 1400 1600 1800 200 400 600 800 1000 1200 1400 1600 1800 2000
- m,, [GeV] m,, [GeV]
1.9 0 at my, =750 GeV, I,/m, = 6% No significant excess
Compatibility with 13 TeV scalar: Compatibility with 13 TeV graviton:
> gg (scaling: 4.7) -> compatibility: 1.2 o » gg -> compatibility: 2.7 o
» qq (scaling: 2.7) -> compatibility: 2.1 o » qq -> compatibility: 3.3 ¢
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Interpretation of the results
X->yy (CMS)

1) Largest excess observed for my = 760GeV and I'/m = 1.4x10-2.
2) Local significance: 2.8-2.9c depending on the spin hypothesis.
3) "Global” significance < lo.

Spin-0 Spin-2
I'/m=1.4x102 J=0 I'/m =1.4x1072 J=2

. CMS Preliminary 3.3fb" (13 TeV) — 30 CMS Preliminary 3.3fb" (13 TeV)
o E fe) L
= 22F L-1.4x10? J=0 = r L_1.4x10% y=2
< o0F - - Expected limit = o5l - - Expected limit
(g 18 f_ t1c (g E 1o
T 16 M :20 T 2ok m :eo
g 14E —— Observed limit g r —— Observed limit
© O F %
= 12 = 150
= 10 g C
4 g — 10
G o o °F
R 6 2 F
3 4 8 5F

2F C

0 E 1 1 1 I 1 | 1 I T O C ! Il 1 1 1 | n I

5x10° 10° 2x10*  3x10° 5x10? 10° 2x10°  3x10°
mg (GeV) mg, (GeV)
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Combined 8+13 TeV results
X->yy (CMS)

1) Largest excess observed at my = 7506eV and for narrow
width.

2) Local significance: 3.4c

3) Taking into account mass range 500-35006eV (and all signal
hypotheses), "global” significance becomes 1.6c

6 CMS Preliminary 3.31b" (13 TeV) + 19.7 fb™' (8 TeV) 6 CMS Preliminary 331" (13 TeV) + 19.7 o' (8 TeV)
| [ L
(@] = o L
o) C m=750 GeV, J=0 o o m=750 GeV, J=2
S ° = 0.014x 10 < 5F L _0.014x 102
B Q
- — Combined —— Combined
ar —gTev 4F — 8TeV
C — 13TeV - — 13TeV
3 C

L ! I PR S N I S T
0 2 4 6 8 10
G13TeV . B (fb)
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1)
2)

3)
4)
9)
6)

7)

2?22 X->yy @ 750 GeV ???

Is the excess real? Statistics: 2016 data will confirm o disprove...
If true, interpretation far from straightforward and needs
decisive results in other channels (ZZ, Zy, WW, I*l-, etc.)

Some tension between 8 TeV & 13 TeV. Signal increases at most
x5 if from gg or bb, yy background x2.3. 8 TeV still in the gamel!
(J=0) Higgs-like scalar loop decays give narrow width, tree level
decays to SM fermions would result in tiny BR(X->yy). ;. s
Excluded by direct searches! Ty
Sizable BR(X->yy) requires extra fermions in the loop!

SU(2) invariance implies existence of ZZ, Zy, WW decay modes as
well. None have been observed (yet?).

(J=2) RS KK Graviton has universal D(h0) — 7y) = 20 (h) — £+67)
COUp“th to SM fields but no o(pp— S — £H67) < 5 fb  pmasconerotsoan
evidence in e.qg. e'e’, uu, etc. olpp — S — (T07)<31h  rcvseosom
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Direct searches @ 8 TeV
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- ATLAS H-ZZ, m =200 GeV
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2 Limits in the context of
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Heavy H->ZZ/WW

o
2

102.|...|\..[\.-‘||-||-w - 31025“‘\""I“"\""\"“I""[“"_
ATLAS Preliminary ~ — ops. £ [ ATLASPreliminary . Obs.x?=08 -
H-WW, NWA ---- Exp. . % [ Howw o Exp. K'Z: 0.8 ]

10F \s—gTov JLdi=2031b" 5221 E E = 1oL temeTev JLdt =203 b igf;.szzg.: E

- 1 ATLAS: arXiv:1509.00389 1. —Obs. k4=0.2 ]
. _= [ e - Exp.x?=0.2 i
1 VBF production ? H_ >WW,IV|V, quq i 1 p. ¥

95% CL Limit on 6 x BR(H — WW) [pb]

107 Range 200 - 1500 GeV

02 Limits in the context S 10': r.ver mosucion —
of EW singlet Higgs .8 EW singlet nggs :
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X->yy,bb

ATLAS: PRL 113, 171801 (2014)
CMS: arXiv:1506.02301
X->yy

% Generic search for yy

resonance across a wide range

of masses: m, <850 GeV
¢ Both narrow and wide
resonances considered

—_
o
w0

¢- >bbar

CMS: arXiv:1506.08329
Heavy Higgs produced
in association with a b
quark

o(pp—bd+X) x B(d—bb) [pb]

Collider Physics 13/05/2016
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o x BR(X—vv),, . (pb)
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°
N

Spin O narrow
hypothesis
(spin 2 very similar

CMS, 19.7 b (8 TeV)

95% GL limit
==+ Expected
I +16 expected | |

+20 expecied
—— Observed
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60
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1= +200 GeV
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s0F

40

30fF

20 95% CL limit -
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ATLAS combination on hh production

*»» Both resonant and non-resonant hh

production 2

< Decay channels: bbbb,bbrr, 0 i

bbyy, WWyy i

< Limits set for resonant H->hh: ST

o(9g->H)xBR(H->hh) assumingHis g '®

harrow (<1.5%). T

< Limits on MSSM scenarios on m,- £

tan(B) inferred. Here hMSSM exmpl. Z

< SM prediction @125 GeV: 9.9 = 1.3 tb
non-resonant Iimi’rs onh x-section [pb]' 2
)

Exp. 1.0 0.62 0.47

Obs. 5, 11 1.6 062 0.69

X->HH->bbbb CMS: arXiv:1503.04114

X->HH->yybb CMS: CMS-PAS-HIG-13-032
p43

102 E T | LI I T 1 1T l L B B | LI I T 1 1T I L B | [ T T I Ig
- ATLAS Preliminary \s = 8 TeV, 20.3 fb”'
10 :_ __________ —e—Observed - bbtt exp _:
T L Expected ~ ----- WWyy exp J
B " £ 16 expected bbyy exp |
1k + 2c expected — — bbbbexp _|
107 \ =
102 =
C 1 | | I | ) | | | T - | 11 1| I | | | | | ‘ L1l I 1
300 400 500 600 700 800 900 1000
my, [GeV]
Ty
ATLAS Preliminary Vs = 8 TeV, 20.3 fo' hMSSM
[ Observed exclusion [ Expected exclusion
------- Constant m, (GeV) e+ 16 @xpected
2.4;— T :‘{,?.:': | “%}L I%Q.:: 1 &“‘? T g}?l l’»\l‘: T :
220 oA L. ‘:
18F , 3
16" & 7 3
14fF 5 =
1.2F 7, 7
15.JJ5-,,--.' A 7 RNy VA I
220 240 260 280 300 320 340 360 380 400

m, [GeV]



A_ >Zh H/A_ >A/H+Z <1000, CMS Preliminary 1981'@TeV) _ "
4 (3 - Z-H!:M lype:ll ; \b,,
EI900 1 10 b§
A'>Zh (Z'>“,VV A h'>bb,TT) 1032
ATLAS: Phys. Lett. B 744 (2015) 163-183 A mﬁ
CMS: arXiv:1504.04710
— 10
CMS: 1
arXiv:1503.04114 -
% T30 400 600 '8(:)\5')' | '1Vooo 10"
% A generic search for 2HDM I
» Expected irrespective of ,alignment” . CMS preimnay 198w 67oy
oo H/A - A/H"'Z, Z'>“: A/H->bb,’CT N 2HDMtvpeIl
 All combinations of 1 and 1. o Mymasce
% Sensitivity drops rapidly whenthe | “Obs o
ttbar decay channel for the lighter Higgs Ny e
state opens. [a= AN\ "?:?Fg_.."*?:_:::j

< Highly boosted topologies suffer from
reconstruction inefficiencies.

% Interesting exclusions on the cos(p-a)-
tan(B) plane possible under given mass
assumptions.
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MSSM Higgs—tt R
CMS: CMS PAS HIG-14-029 50
2 ATLAS & CMS  ATLAS:JHEP 1411 (2014) 056 |«
% Channels searched: -
» h/H/A >t (+1,1, CMS)
> h/H/A_)TlepThad 20
> h/H/A_)ThadThad

“» MSSM Higgs couplings to down type
quarks and leptons enhanced for large tan(p)

CMS Prellmlnary ¢am

CMS Preliminary, h,HA 7, 19.7 fb (8TeV) +4.9 b (7 TeV)

CL (MSSM,SM)<0.05:
= Observed

Expected

I = 16 Expected

d .
MSSM m; °** scenario

R R R R e

10

“77 - mpsSM 3£ 12513 GeV ]

800 1000

m, [GeV]
N 2

l\\l\ll\I\‘\\\Illl\I‘\\\\‘I\II‘I\\\‘\III'\\\\

" ATLAS Vs=8 Tev,j

CMSSM m*** scenario, M

19.7 fb™ (8 TeV) = 80
10° — Observed 5
---------- Expected 70
102 [ + 16 Expected
[ ] +2c Expected 60F

Ldt=19.5-20.31"

usy = =1TeV,h/H/A— 11

bb

MRdRCES 20/

imit on o(bbo)-B(0—17) [pb]

llnll'lll T lllﬂ'l'll T

70 T —e— Obs 95% CL limit

m, = 126.2 GeV__
—— Obs 95% CL limit ... -

+1 Sisary

i m,=700 GeV

: i
| | { |
15 A I
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I 11000
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Charged Higgs

“+» A charged Higgs particle would
spectacularly sign BSM. Needed with more
than one HD (notably SUSY).

% Within MSSM BR(H*—1v) remains
significant in large range of masses for high
tan(B).

< For low tan(B) H*—>tb dominates for m sm,
< H*—>tv saturates the decay for m <m,

% Channels searched

> H+—)Thad\/ (ATLAS, CMS)
» H*—>tb,tv (t—lvb) (CMS)

> H*—cs (ATLAS, CMS)
> (ATLAS)

“» Except for WZ search, H* tagged together
with the accompanying top.
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+ ATLAS: JHEP 1503 (2015), p. 088
Charged H*—>1v (had) CMS: CMS PAS HIG-14-020

»Exclusion limits
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+ ATLAS: JHEP 1503 (2015), p. 088
Charged H*—>1v (had) CMS: CMS PAS HIG-14-020

»Exclusion limits
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ATLAS:
Charged H+—)Wiz arXiv:1503.04233

“*» Probing for the Georgi-Machacek Higgs Triplet Model ( GMHTM)
where H* couples fo ZW at tree level.
< VBF production of H* with subsequent decay into a ZW (llqq) is

searched for.
% 240<m£<700 GeV exclusion is placed for S, =1 and BR(H*->WZ)=100%

> 103 T | T T T T I T T T T T T T T T T T T T I T T T |_|:_ lllllllllll
2 ATLAS Internal ~e-Data E o
P B H -SWZoqqll 3
g s=8TeV, 2031 m, =400 GeV
@8 102 H-WZ-qqil Z+jets -
S o xBR=1pb Multijet E
Lﬁ [ diboson ]
10 3

Uncertalnty
- Pre-fit background

0.5 H' - W*Z - qqll
10 i _§ 0.4 —— Observed (CLs)
102 i 03  aprae T Expected (CLs) =
0 : 3; 0o ATLAS o t1o
o 10 RRESRE 04 ‘s=8TeV,2031b" o 5159
_D% 1%%*/&#%4//%%//7//////////#////}% ....I....I....I....I....I..H.i.ll-r...l.
T ORge ol g 9, QOO 300 400 500 600 700 800 900 1000

m,; [GeV] m_. [GeV]
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NMSSM Introduces an additional Higgs singlet relaxes the
constraints resulting from the mass of h® being much
larger than m, (radiative corrections, m, ™% scenarios)

ATLAS:
3220:_"“""‘"""“.‘.""‘""_t‘!;_ rprrrrprTT T T T T T T
EXOT'ZO 13'24 (5200:_ ATLAS Preliminary E ,P[; 10"} — Observed upper limit ATLAS Preliminary
= E -8 TeV. 20.3 fb'1 E © F - Expected upper limit h_ aa — 4y
H" >aa- >'Y'YW 51805 7~ 's= T = E C Ef;" m, = 125 GeV
= = 5160? |, Expected E X o .,
Signature: >3 isolated y @10 4t~ ossered EN L
= 120% ? ey = 125 GeV, m_ = 40 GeV £ 10°F 95% C.L. upper limits 3
SCGI"Ch for‘ dl—phOTon 100:—%, i : —i % B mzsresonancesfearchwilhf
80 | h—aa—4y 3 DI z : m,-dependent width 7
resonance (m23). 60; ﬁﬁj BR(h—aa)xBR(a—yy)* = 0.001 bma
E . E al _
40 — E B
h;,=->aa-> = | B
125 Yy 20f i T E
VT L P BT 1 2 ot 27 200 £ O SOOI I N
H->aa-> 300<m <600 2= : ; _ f
Ty H | m,=125GeV  _
Sear‘Ch for‘ ma <25O Gev -oc:i’-z e e :1 e b e b e by by J:
it on g 507100150 200 250 [Ges\%o 10 20 30 40 50 _ [0.23]
mi on. [} 23 M.
= _ 2
G/GSMXBR(h >00)><BR(C( >YY) 19.7 o (8 TeV) CMS Preliminary 19.7 fb* (8 TeV)
S I LR R BRI R A — L B LA B L L B R
8§ 3pcms ——Observed = | 8 0.16] - NMSSM P4 (theory) 3
C M S . E-— 25épre”mmaly g;l;ert:ultijat prediction é &Q; E_+ observed upper 95% CL limit E
- g - W = Iv +jets i m 0'14: —— expected upper 95% CL limit NMSSM ?
- - 3 20— B 2Z° - v + jets sy X 0_12} [ expected upper 95% CL limit (10) —_
CMS PAS HIG-14-030 : : [ syst. + stat. uncertainty © expected upper 95% CL limit (20)

— h, (m = 85 GeV, NMSSM P4) | 0.1~ ]

a->bb G < U (an iy S B)
SUSY cascade tagged by |
E,miss>200GeV and large Hy
plus two b-tagged jefts.

Limits within the coloured
SUSY mass scale of 1TeV.
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(Data-Pred)

v b b b b P e B e
40 50 60 70 80 90 100
m, (GeV)
1




Auxiliary

p51



SM Higgs production @ LHC

( ~25 fb!/exp has been collected till LS1)

. = ~19pb

e T
(0.95pb) T NG s=8Tev |
o E A H(NNLOWNLL a 18
~1 5Pb E 108 k’ﬁ
(0.07pb) Lok -
5 k | MO £y, |
~1 .Opb A “ » ., ]
(0.21pb) '
10-2; | ! ol e e £
~0.1 Pb 100 150 200 250 300
(0.004pb) M [GeV]
t t fusion
Tevatron
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BR(H)

Solid: tan 8 = 10,

dashed: tan 3 = 20.
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Extensive coupling studies

arXiv:1412.8662

u=c/0gy, 14%= i Tsy
K,%= 6/0gy, K42= T/ T,
Map= KoKy K= K K7/,
Ky K¢ common factors
for couplings to vector
bosons and fermions,
respectively.
“*Assumption of ho BSM
loops/width, except for A
“Interferences alow to
resolve signs!

CMS 19.7 o (8 TeV) + 5.1 fb ' (7 TeV)

| + Observed
Ik SM Higgs

/

2

19.7 " (8 TeV) + 5.1t (7 TeV)

CMS

i 68% CL
==95% CL

SM decays

19.7 o' (8 TeV) + 5.1 1o (7 TeV)

CMS - 68% CL
. ==95% CL
——
' -
' 4
— O
- =
E s f— &N
' (aa]
' C

dedicated talks:
Marco Pieri, Wouter Verkerke

Combined
pn=1.00£0.14

H— vy tagged
n=112+024

H— ZZ tagged
w=1.00£029

— WW tagged
p=0.83+t0.21

H — 17 tagged
p=0.91+0.28

H — bb tagged
w=0.84+044

19.7fb" (8 TeV) + 5.1 fb" (7 TeV)

CMS m, =125 GeV

P, = 0.96

SM production

OH.

05 2

1 15
Best fit o/,

19.7 b (8 TeV) + 5.1 16" (7 TeV)

+0.14
Kqz=0.9877 5

+0.15
wz = 0877513

by 1,390

Az = 0937017

0.14

+0.19
hz=079073;

+0.54
?“tg =218 0.46

CMS - 68% CL

0.22 '
A, =0.59" %2 [ ——

==95% CL

——
-

:*

——
—*i—

no assumptions
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ATLAS JCP:
arXiv:1506.05669
CMS JCP:

Phys. Rev. D 92, 012004
Testing for alternative J<
scenarios using decay 5

kinematics.

ZZ. full kinematics available
WW: m¥, p:t, 29* and my Pop,

vy: cos(Qcs ), pr”

J of the 125 GeV Higgs

gs'\lﬁ 0=

dedicated talks:
Manuela Venturi,
Kerstin Tackmann

(8%, Dy, 64, 0,, D)~

Exclusions @ 99% CL or better
Note: Landau-Yang theorem

p,< <300 Gev P

hE i . .
Al g =
w3 2% o Opserved S-7TeV, 451 the presence of H->yy
- Expected s=8TeV,203f5' : 7
2 &% O SM:ic 120 CMS X - ZZ + WW 19.7 o' (8 TeV) + 5.1 b (7 TeV)
S| S mEmosMize H— WW* = evuv -»-Observed ---Expected : e
~ = |:|0;3Mt30' s=8TeV,20.3fb' \—J 100 WO +io WS : 1
&n [ RESE H— vy o 0" +2¢ mJS +2
O » -
" . j:fg" s=7TeV, 451" dﬁ 80 , 0“;30 CEES
i =80 s=8TeV,20.3 ' £ 60F j P A
2 i | 'wi rrl er
s tgls O r rrr
o = I I I
1 20 ¢F
o ™ WO gE g
20k 3 -40
30F ; 60 F :
JP:0; JP=0 2+ JFl 2* JS 2t J:' 2¢ JP KE* . L-;_\]E -E\]_c -E\i: PG -&E C\JE oF N% NE-E\]E -F\]_: 1(-\]2 G ?\IE NEE oF 2 -(\]E

5
<125GeV  p< <300 Gev p< 125 Gov

od gg production
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102 T T T T T T T T T T T T T T T T T T T T T T ]
F pp—> H— yy, \s=8TeV, 20.3b" ¢ data ]
[ ATLAS — Standard Model

i €, =0.0001

Gyq [f0]

Higgs dGH/dx

ATLAS:

arXiv:1508.02507

“*Constraints on Wilson coefficients
for anomalous CP-even and CP-odd

-
N
O,
A

int. in the EFT (operators >dim6) - .

+Use H->yy. do/dx: = E o

pTW; NjetSI m”, Ad)” ) pTJl § :_‘é K Fpp—H—yy,(5=8TeV, 20310 ATLASI 1
= 0.001F A PN =
g "‘7:' 0.0005i // } i’ \\ E

CMS: E g 0_ v 4 \

CMS-PAS-HIG-14-028 © x ook Z—E N /,,;;2 _E

#Study of the H->ZZ->4| channel ol ) //( ]

»Extract fiducial x-sections both 00015F- b ld/ oo E

inCIUSiVC Clnd differ'en"'ial. -:0.602' — 0 "G00z 0004 '0.0'0_6:

-~

“%do/dx:
pTHI yHI Njetsl p'l'Jerijl

L=51fb"at\s=7TeV,19.7 b at\s =8 TeV CMS Preliminary L=19.7fb" at \s = 8 TeV
LELNLLE BLELELEEN DAL UL R B LA AL BRI B L e . L e e L e B e e e e
1 T T T T T T T T

E :‘ TTTTTTTT T |y T =
= rCMS Preliminary % ¢ Dala(stal@sys.unc)  SSEE ggoH (powhegeHUgen) s XH ]
235570 o o S | g oy wt e
Fiducial Cross SECtiOl'l H — 41.7 at7 TEV © 3; —— systematic uncertainty é XH -va:; VH + ttH e !
+0.67 +0.21 +0.02 E F10"
Measured 0.56 11 (stat.) Toge (sys.) Tpos (model) fb osb model dependence Es::.
gg — H(HREs) + XH 0937010 fb o &
Fiducial cross section H — 4/ at 8 TeV F © 102
Measured 1114941 (stat.) +212 (sys.) F0.98 (model) fb 15 E
gg — H(HRES) + XH 1157012 fb e 109 i
Ratio of fiducial cross sections of H — 47 at 7 and 8 TeV 0.5
+0.71 +0.13 +0.00 N N T T T T T T P I VAT R I I PN I O
Measured 0.51 17 (stat.) Zgs (sys.) Lygs (model) Y T T SR TR ST R 0 20 40 60 80 100 120 140 160 180 200
gg — H(HRES) + XH 0.805 (400 Vs [TeV Py [GeV]




2HDM Models

< Generic class implementing a second Higgs doublet.

Type I: One doublet couples to vector bosons, the other couples to fermions.

Type II: one doublet couples to up-type quarks, the other to down-type quarks and
leptons: .MSSM -like"

Lepton-specific: couplings to quarks as in the Type I model and to leptons as in Type IT.
Flipped: couplings to quarks as in the Type IT model and to leptons as in Type I.

= n 1 2HDM —_ 5 _

tan 8 = vz /v Iy /ng = sin(f — )

2,02 _ 2 2 2HDM _

vy 0y =07 (246 GeV)" gy /gHW = cos(ff — a)

Coupling scale factor Type I Type 11 Type 111 Type IV

Ky sin(f — a) sin(fs — a) sin(fs — a) sin(8 — @)
Ky cos(a)/ sin(f3) | cos(a)/ sin(f) cos(a)/ sin(f3) cos(a)/ sin(f3)
K cos(a)/ sin(f3) | —sin(a)/ cos(B) | cos(a)/sin(5) | —sin(a)/ cos(f)
K| cos(a)/ sin(f) | —sin(a)/ cos(B) | —sin(a)/ cos(5) | cos(a)/ sin(B)
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-m}?a}{: maximize M}, by choosing

A, with other parameters fixed.
&0

50

M, =125543
« M =1255:2

LHG excl.

40 LEP axcl.

20

10

M, [GeV]

_mhmoch: make M} = 125 GeV hy

choosing A, with other parameters fixed.
60

50 M, =1255%3
M, =1255+2
LHC axcl.

40 LEP exel.

20

10

200 400 600 800 1000
M, [GeV]
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CMS: Search for X->HH

X->HH->bbbb

arXiv:1503.04114

<» Model independent search

< Using four b-tagged jets.

< QCD bkg estimated from data control
regions

X->HH->yybb

CMS-PAS-HIG-13-032

» Using pairs of b-tagged jets and pairs
of photons.

% Sensitivity in the range of 260-1100
GeV

% Limits derived for both scalar Radion
as well as RS1 G™y,.

p59

o(pp — X) x BR(X — HH — yybb) (fb)

17.910" (8 TeV)
_,-T P T Expected limit
= CMS
= - I Expected 1o
Iﬁ 107 Expected+2 ¢
o] F —»— Observed limit
T — Radion Ay = 1 TeV
. kL = 35, no R/H mixing
T
' T 103
>
T
[oN
&
o 103
c
o
E
1o
o f
2 C
P L
e v b b b v b B v e
200 300 400 500 600 700 800 900 1000 1100
m, (GeV)
CMS Preliminary L=19.7 ' s =8 TeV
WED: kl = 35, k/Mpl = 0.1, elementary top, no r/H mixing
—radion (g = 3 TeV) ---#--- Observed 95% upper limit
——radion (A =1TeV] cecmm-. Expected 5% upper limit
==== R§1 KK-graviton [ Expected limit + 107

==== Bulk KK-graviton Expected limit + 2 0

; *
- '-.‘
el ||||‘|"‘|-J|||||

II|III IIIIIIIII|IIIIIIIII|-I‘L
300 400 500 600 VOO 8OO 500 1000 1100

my (GeV)




2| ATLAS — Obs.95% CL Limit - - Exp.95% CL Limit
V5 =8 TeV [Ldt=19.5 fb-! Excluded Region Exp. Limit 10
Type-Il, my =500 GeV [ ;_:>o_15 Exp. Limit £2a0

hh->bbbb

ATLAS:

arXiv:1506.00285

% Using both pairs of resolved anti-4; b-
tagged jets and trimmed fat anti-4; jets
with two other b-jets.

% Sensitivity in the range of 500-2000
GeV

% Limits derived for both RS G"y as

10"

10° -

02 04 06 08 1.0
cos(B-a)

1.0 -08 -06 —04 —02 0.0

W€“ as H_)hh |n The ZHDM mOdQIS. E- o AT[_IAS I I | L ;3b3.959;CLUrr;it - Exp.IQS%CLILimit

10°F sogTev [Ldt=19.5 b Excluded Region Exp. Limit 10
Type-Il, cos(B-a) =-0.20 B My /my too large Exp. Limit +20

*» Here 2HDM type IT example shown.
<» Shaded areas do not provide reliable
limits as the width becomes too large.

500 550 600 650 700 750 800 850 900 950 100010501100
my [GeV]
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Zh production

ATLAS:

Phys. Lett. B 744 (2015) 163-183

% A->hZ, Z->ll vv , h->bb 11

“» h denotes here the observed Higgs with mass
of 125 GeV

< m,e(220; 1000) GeV

< 2HDM (type I & II) limits are given for
specific choice of m, or cos(B-a).

<+ Here example of 2HDM type II with m,=300
GeV or cos(p-a)=0.10

< Assumptions for calculating the limits:

m, =my=my,, m, =125 GeV

and m?,, = m?,tanf /(1 + tan?)

» Blue shaded areas are excluded by A-> 1t
analysis [JHEP 1411 (2014) 056]
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tan

10}

2HDM Type i
|_\s=8TeV — Obs 95% CL [I+1c band |

- 203 1b

Illll‘l\\llll‘\ll]llll\lllll\\III
ATLAS A—Zh m,=300 Ge

----- Exp 95% CL []+2c band -
[JExcluded by A—tt -

_Illllllttllllllll | I | I

I O T
-08 -06 -04 -02 0 02 04 06 08

cos(p-o)
III|III}III‘III‘I\I'I\I'I\II\Ill

i A—Zh cos(p-0)=0.10 7

_ATLAS 2HDM Type Il

102 \S=8 eV —Obs 95% CL mm+ic band |

r 203fb" . Exp 95% CL [—+2c band -

- 1 Excluded by A—tt

= width>5%m, B

15

1
;

'IIIIIIIIII|IIIJI\III\IIIIIIIIIII_

il
220 240 260 280 300 320 340 360 380

m, [GeV]



HZ production

CMS: arXiv:1504.04710

% A->hZ, Z->ll, h->bb

“» h denotes here the observed Higgs
with mass of 125 GeV

<> 2HDM (type I & IT) limits are given
for specific choice of m,.

 Here example of 2HDM type ITI with

m,=300 GeV

CMS-PAS-HIG-13-025
% H->hh & A->Zh
% Sensitivity up o 360 GeV

N\

» Limits derived for 2HDM type T & IT.
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A — Zh — libb

L=19.7fo" (8 TeV)

;
CMS

Preliminary
:

95% CL Limits

Observed

-------- Exp
Expected +16

6 x B(A — Zh — libb) [fb]

Expected 20

2
1 L High Mass Region, |
1 F: O RN S SO S [N 0 SO
250 350 400 450 500 550 600
m, [GeV]
T
A—Zh—llbb L=19.7f0" (8 TeV)
&102:..:1...:.1___| T T T A T T T T
C —CMS
‘.Cg "Preiimfnaty""“" i
10 [
95% CL Limi o %
1 ‘Observed
|-Yl"|lll'|l'-?l'l rnglnn
------ Expected
[ | F\rpnrf dtic
] Expected L2
107 Type III ?PIDIMI . 7 .
-1 -0.5 0 0.5 1




Search for A->Zy

19.7 fb™ (8 TeV)
CMS

Preliminary

CMS PAS HIG-14-031 %102?
% A->Zy, Z->ll (e or ) (8510__
< Model independent 2"
O PP— uuy

 In particular, probes for composite L~ Background Model
Higgs models with SU(4) chiral F -0

o B |:]=20
symmetry breaking. gl inn s Loy e fo pun Lo eios] vl ol

200 300 400 500 600 700 800

< Sensitivity up to the ttbar M (GV)
threshold.

19.7 o™ (8 TeV)
CcMS |
1. Preliminary Narrow signal model
1. — Observed
{55 Expected= 10
1450 3@===°=°=°2°2°2°2°2° W= Expected + 2 ¢
1.

o o
(o]

o(gg—>A)xBR(A—Zy—lly) (fb)

I
FS

o
[°)

1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 'l 1 1 I I 1 1 1 I 1 1 1 1
200 250 300 350 400 450 500
m, (GeV)
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NMSSM

ATLAS:

arXiv:1505.01609
H->aa->ppret

The most stringent limit is
placed at 3.5% for

m,= 3.75 GeV. Upper limits
are also placed on the
production cross section of
H->aa from 2.33 pb t0 0.72
pb, for fixed m,= 5 GeV
with my ranging from 100
GeV 1o 500 GeV.

Collider Physics 13/05/2016
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R. FRANCESCHINI et al.
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final o at /s = 8TeV mmplied bound on
state f observed expected ref. L(S — £)/T(S = 7Y)obs
N7y <15fh <11fb [8 9 < 0.8 (r/5)
Ter,ptpm | <12fh < 121b _l{l] < 0.6 (r/5)
TOT™ <12fb <15t [11] <6 (r/5)
Z~ <1l1fb <11 [12] <6 (r/5)
Z7 <12fb  <20fb [13] <6 (r/5)
Zh <19fbh < 281fb :l 4] < 10 (r/5)
hh <39fb <42fb [15] < 20 (r/5)
W+Ww- <40 fb <70 fb [16, 17] < 20 (r/5)
tt < 450 fb < 600 fb [18] < 300 (r/5)
invisible < 0.8 pb - [19] < 400 (r/5)
bb < 1pb <1pb  [20] < 500 (r/5)
77 < 2.5 pb 7] < 1300 (r/5)
[(S—2Zy) | T(S=2ZZ) | T(S—WW)
operator (5 = 77) ['S =) oS =)
WW only | 2/tan®fw =~ 7 | 1/tan® by ~ 12| 2/sin by == 40
BE only |2 tan? Oy ~ 0.6 | tan? Ay =~ 0.08 (




013 Tev/08 Tev

0 500 1000 1500
Mass of the resonance 1n GeV
o(pp — v CMS ATLAS
STeV |(0.5+06)fb (0.4+0.8)fb
13 TeV (6 + 3) b (10 &+ 3) b
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ATLAS: ATLAS-CONF-2015-059

% F e e e 3102:""|""\""|""|""|""|""\"":
G102 pATLASPreliminary o vgoe - zscevs = | ATLAS Preliminary —Bwected
S  EH-ZZ >4 —Fa ] Tt — Observed ]
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§ 10 v Uncertainty ] ? LS 77 4 +96
L ] 2
] o 10 E
i m N
X _
1 _g b e
] c B
- o B |
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] 2 -
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