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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 combined mass: dedicated talks:

PRL 114, 191803 (2015) | The big piCtur‘e Marco Pieri,

Kerstin Tackmann,

ATLAS & CMS combined couplings: Manuela Venturi,
ATLAS-CONF-2015-044/CMS-PAS-HIG-15-002 Wouter Verkerke
ATLAS J?; arXiv:1506.05669 my = 125.09 +0.24 GeV

CMS JP: Phys. Rev. D 92, 012004
125.09 £0.21 (stat) £ 0.11 (syst) GeV

ATLAS do/dx: arXiv:1508.02507

CMS doy/dx : CMS-PAS-HIG-14-028 i # = 1.09°015 = 1.09°047 (stat) *2.% (expt) 043 (thbed )07 (thsie)
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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->aa, H->inv, y+E, 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?



Explore the 125 GeV Higgs



Mass scaling of Higgs Boson C

<+ Same production & decay modes
as in the SM

<+ Test the coupling strength and
mass dependence at the same
Time.

» Fairly model independent
approach.

> M is the ,vev parameter”
(where v = 246 GeV)

> ¢ is the ,mass scaling
parameter”

> SM: £=0, M=v = K= k=1

p8
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Additional Electroweak Singlet L~

o

“»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:
arXiv:1509.00672

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

EW singlet
— == SM
Obs. 95% CL: x?<0.12
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ATLAS:
arXiv:1509.00672 2HDM Models o

< 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
o BRI T T TR
" 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 OCPS

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

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



Simpl ified h(MSSM aA:;iA\,isog.ooa7z

<» 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) \\) &&{{é :E):s.,hcouplings [k, k, k] |:| ::ps:, H— ZZ— 4I, Il qg/bb/vv
Y Vi+tan® g \?/ J £ obs, Aboe EEEED Obe. b Wi o
| +tan2 B \ |:| E::., A— Zh lljvy bb :l g::_" o w
| Ky = S”{!HA.tal'lﬁ)W - Exp - |
IS

-~ '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”'




theory talk:

CompOS i.l'e HiggS Cedric Delaunay

“*Minimal Composite Higgs Models (MCHM) represent a possible explanation
for the scalar naturalness problem, wherein the Higgs boson is a composite,
pseudo-Nambu-Goldstone boson rather than an elementary particle.

\\]
] ATLAS: N
»Two variants explored: R T \ \
1) MCHM4 S
MLL 1-8__| A|T|LA|S\P| |.I .I T T | T T T T T T T T T I_—
_ _ _ 1 _ u reliminary ]
K=Ky =Kp = 1 E 1.6 1s=7Tev, 4547 " N
I_ \s=8TeV, 203" . _i
2) MCHM5 1'4: 7
1.2F -
ky = 1 =¢ na =
1-2& - .
K = — —
F l—f 0.8 ---_:—;‘:::::;: .
0.6 X Best fit + sm _:
: — Obs. 68% CL — Exp. 68% CL ]
with & = L-‘z,’fz 0.4 - - Obs. 95% CL - - Exp. 95% CL 1
= _l 1 1 1 1 | 1 1 | 1 | 1 1 1 | | I | 1 | | 1 1 |_
“*»SM corresponds to f—o 08 09 1 R -2 -3
K
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_ wez o N o o o dedicated talk:
z Invisible Higgs Decays e

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: 1_9_.2fb (8 TeV)

O CMS: The direct limit from VBF: - CMS e
BR,,<0.5 @ 95 CL (0.40 exp.) e Expected

O When combined with ZH analysis: : I Expected limtt (1)
BR;,<0.47 @ 95 CL (0.35 exp.)

ra
n

k-

ax B(H— inv) [pb]

Expected limit (2a)

%%% Ovar (SM)

in
I|I

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.)

13 D Rriickman Aea Ranctr



dedicated talks: .
Mariangela Lisanti nggS POf“l‘Cl' 1'0 DM "('\!\l

Andrew White A\ =

CMS: Eur.Phys.J. C74 (2014)
ATLAS: arXiv:1509.00672

C\E.IO-SQ_LIII I‘_.I I'IITll | T | IIIII| | T T TIIII_—I
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ATLAS: combined limit S 4041 _
(BR,,<0.22 @ 90% CL) 9 e e —

is coverted to couplings to 210" e =
WIMP for either scalar, S 1045 - L T
1 2 Y7l 7 =T —]
Majorana fermion or vector = < [ g L
ticl S L 7 \s=7TeV, 45-4.7 "
particle. 5 1077 \s=8TeV, 203" 3
o S - —]
= These are Then used 1-0 c 10_49 B Vis. & inv. Higgs boson decay channels |
calculate the cross-section % B [Kws Kz, Kis Ky Key Ky Kg Ky, Kz BR ] ]
for WIMP-nucleon E 105 B No Kz assumption: BR_ <0.22at90% CL 7|
scattering, to be directly B E gg'\Ef'g/sLT"?lR(gS(g?’gE/; CL)  ATLAS90%CLin
compared with direct DM 1053 £ CDMS Sl (95% CL) Higos portal model: - _|
) | B CoGeNT (99% CL) we Scalar WIMP - 7]

search experiments. 55 —— CRESSTII(90% CL) #% Majorana WIMP
= 4 . . 107 === SuperCDMS (90% CL) %22 Vector WIMP —
»The main assumption is IR XENON100 (90% CL) 7
2 = ™ amsssss LUX % L .

Tha.r nggs 'S The only 10-57 I I| | UI (Igol/l 9 I)l | | L1 1 11 I| | | L 1 11 I-|+

ik 4

mediator. 1 10 10? 10°
<+Obvious limit: 2my e My m,/2 AW”V'P mass [GeV]




CMS: PAS HIG-14-005
ATLAS:arXiv:1508.03372

LFV Higgs 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

ik sl i

pt | 08730% 08TZ0% 0.05233 \A
HTpaq | 0727118 0.03*1%7 1.24% 5 N\
T 0.890%

“» 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!

dedicated talk:
Yuta Takahashi

pl5

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

197 fb (8 Tev)

L CMS

T
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Bkgd. uncertainty
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2.5— " B Z o cr+jets (0SSS) |
_'C_’ E Vs=BTeV [Ldt=203f W+ jots (05.88) m
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Explicit search for BSM objects
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dedicated talk:
Song-Ming Wang Heavy H - >ZZ/WW

2 | ATLAS oo i);;iectei . 3 AL Exp 95% CL limit  [] 420 band

N 107 e zose Z":bﬁ"dté’ttd 3 ATLAS: arXiv:1507.05930 e

% ;?:;mbinedobgerved H—)Zz R

RS Sezo i 4l,2I2v, 212q final states

S ¥ 1 Limits on oxBR(H->ZZ) for

2 ggf and VBF production. i

< Limits in the context of

& 10° ?T'g—'zZZ—)l[U+[ll\’V+llqt|]+qu o ZHDM Type II R KR TR
200 300 400 500 600 700 800 9001000 08 -06 04 02 0 02 04 06 08

m,, [GeV]

CMS _ | CMS: arXiv:1504.00936
WS seprp i ety Y WW,ZZ WW-shvlv, lvqq, ZZ-2121, 2124, 212y

s 10°
b‘-" f = Combined === Combined (exp. +25) 3

o 102 F T H-oWW S 202v—H - WW > (vaqq 7 “ N CMS upt05.1 (7 TeV) + upto 19.7 fb” (8 TeV)

& | Mozmoray oo : w O T —ObS., B oy = 0.0 - EXP., B oy = 0.0 /i

= F—— H-ZZ 52X (@) 0.6— —Obs., By =0.2 -- Exp., B ey =0.2 ST

E 10__—H—>E—>2E2q .9 —Obs., B, =05--Exp., B, =05 ‘:‘ s

E I ....................................................... __

- s 0.4 —

1 E a — -1

EE AN — E %)) i

\ g : k= o

10" .. % = g 0.2 ‘5 —

I ] W _
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dedicated talk:

Song-Ming Wa.ng HeClVY H - >ZZ/WW JL/O‘

S

K-2
T \IIHIl
11 \IIHIl

1T 71— 17— 3 31025"‘\"‘%”"\""\' |'w'/'~§
ATLAS Preliminary  —_ Obs. & £ ATLASPreliminary . Obs. k%=0.8"_:
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 . ¢  Obe xe-02 T
i - & 8 CExp.x%=02 ]

1 VBF production : H_ >WW,IV|V, quq i 1 Xp. K

95% CL Limit on 6 x BR(H — WW) [pb]

107 Range 200 - 1500 GeV

02 Limits in the context S 10': roerposcion | —
of EW singlet Higgs .8 EW singlet nggs :

10° =400 600 800 1000 1200 1400 3 1050¢

300 400 500 600 700 800 900 1000

m,, [GeV] m, [GeV]

oMS _ | CMS: arXiv:1504.00936
10 GUS e B T R TR Ty s \WW ZZ WWslvly, lvqq, ZZ-52121, 2129, 212y

. = 3
b‘-" f = Combined === Combined (exp. +25) 3

© e T HoWW 2i2v—H > WW - (vqq 7 ' I N CMS _upto 5.1 1b™ (7 TeV) + up to 19.7 fo™ (8 TeV)
S ——H2ZZ »2(2v —H 2ZZ 41 % 3 o B —Obs., B,gy = 0.0 - EXp., B gy = 0.0 ' _
1 F——Ho2z 520 1 o)) 0.6 —Obs., B,,e,,,:o.z...Exp., B,,ew=0.2 AR
£ {0k H-zz o2z i S - —Obs., ,,e,,=05 ‘EXp., Bhew =0.5 ] -
e T o g e Y Y _
i 7 + _
i h;(\ _—— Y 04 i
£ N _— CEEE (o) i
1073 4 g 0.2 F -
C ] (U] 7
10—2 i | i i i I i 1 i I 1 i 1 I i 1 i T
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Song-Ming Wang

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]

LHCP2015 03/09/2015

10°E

—
o
TTTIT

dedicated talk: x = >Wl bb

o x BR(X—vv),, . (pb)

Spin O narrow
hypothesis
(spin 2 very similar

CMS, 19.7 b (8 TeV)

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

+20 expecied
—— Observed

100 200 300 400 500 600 700 800 9S00

m, [GeV]

—
<

19.7 o' (8 TeV)

[T T L ‘ T 1T ‘ LI ‘ T L

| ©CMS All Categories Combined ]
Preliminary Width: 0.1 [GeV]

E Observed E|

n - Expected £ 1o ]

----- Expected £ 26 b

-
°
N

-
S
(]

tanp

CMS, 19.7 fo" (8 TeV) + 4.9 fb' (7 TeV)
60

m% scenario
1= +200 GeV
m,n# 125£3 GeV

s0F

40

30fF

20 95% CL limit -

g [ Expected ]

moa+ | +1c expected |

10 mh +26 expected |
. |=—Observed

100 150 200 250 300 350 400 450 500
m, [GeV]




dedicated talk:

HH or HZ pr‘OdUCﬁOI’I Andrea Rizzi

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

» Composite: factor <3, g :

> Singlet models: factor up to 15, H, -

> 2HDM models: factor up to 50 | TR
< Current experimental limits still far from SM expected rates.

% A—>ZH (or H->ZA) with H being either the heavier or the
lighter CP-even state a powerful probe of 2ZHDM models.

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

p20
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ATLAS combination on hh production 70

*»» Both resonant and non-resonant hh

production 2
< Decay channels: bbbb,bbrr, 0 i
bbyy, WWy 4
< 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 fb
non-resonant Iimi’rs onh x-section [pb]' 2
)
Exp. 1.0 0.62 0.47
Obs. ;) 11 16 0.62 0.69

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

X->HH->yybb CMS: CMS-PAS-HIG-13-032
p2l

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 &?.r | “%}L I%Q:- T &“‘? T :‘:}?l l’»\l‘: T :
228 oA AL i b E
2:_ ' h ERE T L e : =
18 ; =
16" & 7 3
14fF 5 =
128775, =
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.

p22



MSSM HiggS%TT — 60 CMSIPrellmlnary II1HAa1:r 19:|rfb (8TeV)+I49fb (7 TeV)

) .

( = L | |cLyMssM,sm)<0.05:

\ :

¢ CMS: CMS PAS HIG-14-029 P [ o :

& ATLAS & CMS  ATLAS: JHEP 1411 (2014) 056 | gof | = :

< Channels searched: | o :
» h/H/A >t (+1,1, CMS) . :
> h/H/A_)TIepThad 20;/4/ —_— - 7
> h/H/A_)ThadThad 10:12 77 mthSSM¢12513GeV_:

DA

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

800 1000

m, [GeV]
T TE——
CMSPrellmmary poe 19.7 b (8 TeV) L A
—«— Observed S [ ATLAS Vs=8 TeV, j Ldt=19.5-203 " ]
---------- Expected 701 mods+ i ]
[ - 1o Expected - MSSM m, ™™ scenario, M, . =1 TeV, /H/A— 11
[ 1 +2c Expected 60} 7T —=— Obs 95% CL limit

=
@ bb¢ ¢
=2 '8  Obs95%CLIimit.. T SR
AN = 116““,“
— : ™ 3
S 3 3
e = 0| = e )
w T T /1 W oUriin b T R T —
= O : ]
S £ 3 E
© "&; . ]
w ,,,,,,,,,,,,,,,,,,,,,
o] E 122Gu\/i
e II e * 1 TT|:11:; I} 11 Frorm iw R :H‘I:IH‘S‘GL‘:V‘;
. L PR S S R 100 200 300 400 500 600 700 800 900 1000
100 200 300 400 1000 m, [GeV]

m, [GeV]

i —p— T
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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.

p24

dedicated talk:
Pietro Vischia




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

»Exclusion limits

. . . e« 60 « 60 ]
9 |V€n l n var‘ I Ous E [ — —- Median expected exclusion 7] E ® ]
50__ |:I Observed exclusion 95% CL _ 55 ATLAS .

f Iavo u rs Of 2 H DM E ...... Observed +1o theory E E
models: 40 Opserved o theory 3 500 . ILdt -195M" -
- ATLAS ] L \s=8 TeV ]

2 MSSM m, hmex : | ] - ]
30° |Ldt=19.5 0" ] 450 Data 2012 .

X MSSM mhm°d+/- L i C MSSM m™% scenario ]
0:0 MSSM IlghT STGU 20:—\’3:8 TeV /._ 40} — — - Median expected exclusion 5
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Charged H*—tv (had)

“*Exclusion limits
given in various

flavours of 2HDM

models:

< MSSM mjhmax

P2 MSSM mhmod+/-
“*MSSM light stau
“*1-phobic Higgs
“*Low-M

“*Here m,md* exmp.

19.7 b (8 TeV)

—_
o
(=]

ATLAS: JHEP 1503 (2015), p. 088
CMS: CMS PAS HIG-14-020
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New paper from CMS combining
searches in tv and tb channels
has just emerged!

arXiv:1508.07774

240 260

‘ Pietro Vischia (Tomorrow afternoon)
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ATLAS:
‘ \(\ \ ChOf‘ged H*->W=Z 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: \\]
> J_\ T T T T LI T T LA '_ T T T T T T T T T T T T T T T
EXOT-2013-24 \( 3200 | ‘ATLAS‘PreIimilnary - ?10»1,—0bse‘rved uppor mit ATLAS Preliminary
\ o200 P = ;L = - Expected upper limit h s aa — 4y
Tig0E # Is =8 TeV, 20.3 fb 218 [ mew
H- >aa- )'Y'Y'Y'Y g o . El LRa=E m, = 125 GeV
o 'Yk ! xpecte =l B3
3 . s 21405 . =R \s=8TeV,20.3 fb”
Signature: >3 isolated y 510 4  —ovsenes | j peetewzmow
120 wm,=125GeV,m =40GeV— | = [ E
Se h f di_ h 1" n 100%‘% i " 5 GeV, m, =40 Ge el |3 - m,, resonance search with
arc or p o710 80 = hoaasdy E :>T< = | mzfdependenl width ]
resonance (m23)- 601 «F BR(h—aa)xBR(a—>7)? = 0.001 _; b10-3_— ]
40 - E E
— - E Ha # E E
hyz5->aa->yyyy of B ey : m
->aa-> <M < S S RIS - : =
H->aa->yyyy 300<m; <600 < | e mE125Gev ks
@ - C m E 3 .
Search for mG <25O Gev E'CEJ-z I~ CTTTTTTTTTmmm e P -l | —— { 11 1 §—— | 0 | N N — J- g .e
= 50 100 150 200 250 300 10 20 30 40 50 60 -
le'Ts on. ) m,, [GeV] _m, [GeV] e 3
©
X ->aa)x ->yy)2 Q9
G/GSM BR(h 00) BR(G YY) [ CMS Prellmmary 197 fb™ (8 TeV) © -_::3
E 30:—CM_S_ —— Observed —: -g_ 0.16:— ...... NMSSM p4 (theory) l l - O e
CMS. g 25iPreI:mrnaW =2cée't: — E i__._ observed upper 95% CL limit ] g E
! g B [ W Iv+jets ] o0 0'145 —— expected upper 95% CL limit NMSSM 2 o] E
- - I 20— [2° - vw+ jets 7 X 0.12| [ expected upper 95% CL limit (10) -
CMS PAS HIG 14 030 “ - [£Z] syst. + stat. uncertainty © expected upper 95% CL limit (2)

a->bb wi o Ehpel Thmeecumensl § 05
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)
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CONCLUSIONS

“*» The 125 GeV Higgs looks very SM-like.

» No evidence for BSM phenomena in the scalar sector.

» Large variety of analyses managed to place exclusion
limits on various BSM scenarios. INETErESE
« 8->13 TeV marks an increase ;'™ 07 -

Vector Boson Fusion 3.748 1.578

of o, by more than factor two. — w 138 70
< VH, ttH, HH production waiting = =
to be fU”y explor'ed HH 034 008

% X-section for production of heavier states increased
@13 TeV extending the discovery potential.
» For HL-LHC prospects see: Aleandro NISATI & Jeff RICHMAN

Run 2 is ongoing. Stay tuned!
THANK YOU.
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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

LHCP2015 03/09/2015 p32 P. Brickman de Renstrom



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

035

¢q production



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,.

p39

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

\\] =
@1l 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]

pdl

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.

p42

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.

LHCP2015 03/09/2015
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