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Run | legacy on Higgs discovery

ATLAS & CMS combined mass:

ATLAS and CMS Prelimi ——
ATLAS an rslimiinary ATLAS PRL 114, 191803 (2015)
- CMS
= : '.'f:LA&CMS ATLAS & CMS combined couplings:
TR == -0 ATLAS-CONF-2015-044/CMS-PAS-HIG-15-002
e u—
_ . ATLAS JCP: arXiv:1506.05669
K —— CMS JCP: Phys. Rev. D 92, 012004
LWw — ATLAS doy/dx: arXiv:1508.02507
N e CMS do/dx: CMS-PAS-HIG-14-028
ne —= 'y = 125.09 +0.24 GeV |
B : | =125.09 £ 021 (stat) £ 0.11 (syst) GeV |
N e
o= |+ Looks very much like SM-Higgs boson.

o o5 1 15 2 25 3 35 4  §So where will we find new physics?
Parameter value
]



Reasons for Beyond Stadard Model (BSM) Higgs

* There is no theoretical reason to have only one Higgs
boson.

— It is an open question wether the observed Higgs is
responsible for the generation of all fermion masses
(arXiv: 1508.01501)

— Many theories include extra Higgs boson(s), as SUSY,
models with axions, baryogenesis, neutrino masses,...

» So far, no physics observed beyond the SM.

« Reasons to extend SM:
— Hierarchy problem
— Dark matter




Strategies that use Higgs to find new physics

i- Direct search for BSM Higgs boson
. — Most models include Two Higgs Double Model (2HDM)

* Higgs boson —> invisible and dark sector analyses
* Higgs decays not allowed in SM

* New physics in Higgs boson pair production

* Discrepancies in couplings

* Discrepancies in kinematics




SM Higgs field vs 2HDM

_______________________________________________________________________________________________________________________________________________________

SM Higgs field: Complex .~ 2HDM Higgs field: Two

scalar doublet complex scalar doublets

4 degrees of freedom of . More degrees of freedom |

which: . than SM. For Higgs sector:

— 3 provide longitudinal — 2 CP-even Higgs bosons
components of W%, Z (h,H), one of which is the

— 1 CP-even Higgs boson (h) observed 125 GeV

resonance
— 1 CP-odd pseudoscalar (A)

— Two charged Higgs
bosons (H?)

e
2%




Contents

« MSSM and NMSSM.

* Physics analysis:
« NMSSM motivated searches
« MSSM Higgs searches for a light Higgs:

High tanp {

Low tanf} -




Common parameters of 2ZHDM
* Four Higgs masses (my, my,, m,, Mys+)
— myorm, =125 GeV
« Ratio of the vacuum expectation values of the two
doubles, tanf = v,/v,.
* Mixing angle between H and h, a.

2HDM Type Doublet coupled to Doublet coupled to Doublet coupled

up-type quarks down-type quarks to leptons
Type | D, D, D,
Type I D, D, D,
Lepton-specific D, D, D,
Flipped D, D, D,



MSSM and NMSSM

« MSSM (Minimal Supersymmetric Standard Model)
IS the simplest extension of SM with Type || 2HDM
for Higgs sector.

« NMSSM (Next-to MSSM) is an extension of MSSM

with an extra gauge singlet
— Solves u-problem (fine-tuning) of MSSM
— Gain extra CP-even and CP-odd Higgs bosons

2HDM Type Doublet coupled to Doublet coupled to Doublet coupled

up-type quarks down-type quarks to leptons
Tyeel _ _ _ _ ________ Qo ___%_________ P .
1 Type D, D, D, '
Lepton-specific o, @, o,
Flipped D, D, D,



MSSM Neutral Higgses at LHC Hign f
* Neutral Higgs production at the LHC af?/j

b
) b P o
* Preferred decays at large tanf: arXivi1509.00672 (ATLAS)

h/H/A —>tt and bb —
— BR(h/H/A) —>tt)~10% at high tang. ) e v
— “tt” modes have usually better '

sensitivity

\ Vs=7 TeV, 4.5-4.71b" 7
\ (s=8 TeV, 19.5-20.3 b’

hMSSM, 95% CL limits 7|

arXiv:1409.6064 (ATLAS),
arXiv:1408.3316 (CMS), arXiv:1304.2591 (LHC-b)

arXiv:1302.2892 (CMS), B

N\

\
arXiv:1506.08329 (CMS) . \\ ......
400 450 . [G e5\(;]0 9




Searches for h/H/A —> 1t

T 10 ATLAS,1s-8TeV, [Lot-1851" -
 Categorization based on the following event ¢ E2::1’:;:;5;’;:;3@“+2§3§gffanﬁ=3o5
properties g oL el A
— <t pair decay: t(e)t(u), T(lep)r(had), t(had)t(had) & | :téf;g;;pw :
— “b-tag” and “b-veto” to take advantage of the b-
associated production 3 3
— Most important backgrounds ﬁ
— All channels: o 3
— ZIy* + jets (estimated with embedding) 050100 150 200 250 ﬂg,,&‘[ge\jfo
— multi-jet production (estimated from data)
— top background (estimated from simulation) = . szls'hm'%' A N
— t(lep)t(had) + t(had)t(had) only: o no b-tag oz
— W + jets (estimated from simulation) ; 10 Eg‘;"“"a"
— Dibosons (estimated from simulation) % - o ety

m,=160 GeV, tan}=8

0 500 1000 1500




Searches for h/H/A —> 1t

 Cross section limits

3‘1033*1l'”w”'””w”l”w”"””w'” 3‘1033”'l'”w””l””w T LN R 32.5 CMSI‘I‘_.)“. T 1.9'7.“’-1.(8?9‘/
% - ATLAS s=8 TeV.ILdt: 19.5-20.3 10" % - ATLAS Vs=8 TeV.J-Ldt= 19.5-20.3 1" o i m, = 140 GeV 95% CL
& 10° - gluon fusion o — 1t E © 102 = b-associated production 0 — 1t 3 ™ I 68% CL _
T E ] T F : $ 2.0 __ + Best fit —_:
3 104 —+— Obs 95% CL limit ; E=3 10 —e— Obs 95% CL limit _‘ . - o Expected for
R Y — 15? et RN W A — f? s cL it 3 2 SM H(125 GeV) 1
u : ] r = 15 F 7T -
X | ; 2¢ X 20 O [
b 1k ; E o 1E Q i
= : 5 o [ ]
10"? 10—1;— 1.0 f_'"""""'-«.__. \'\\ ]
i ; i . . ;
10 10%: 05 ™ .
3Lyl Lersaliinsl L] : | i AN ;
- EETE IR RTINS PR AN SRS NN S =] | NN N PR AT SRR AN AN AN ARl A >,
10 100 200 300 400 500 600 700 800 900 1000 10100 200 300 400 500 600 700 800 900 1000 0.0 '}._._..Q M TR — | W
m, [GeV] m, [GeV] 0 1 2 3
o(999)-B(0—) [pb]
— “Traditional” cross section limits for a — 2D limit for a scalar particle
single scalar produced either via gluon- that is produced by both gluon-
fusion or b-associated production from fusion and b-associated

ATLAS production for a very fine grid
of mass points from CMS
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Searches for h/H/A —> 1t

* Interpretation of the search in the m, m°d- benchmark scenario

%80 T I T I LI I 17T l LR L | LI 1 I LB [ L I L i & 60 'CMlsl h!lli,A'_>tE I Y . 1'9'7 Ifb- '(8 Tl.evz + 4|'9 f.b. ('7"T-'ev)
e —of ATLAS (s=8 TeV, [Ldt=19.5 - 203 fb" 1 S | [cL mssmsme<oos: ;
- ] S | -
- MSSM m°* scenario, M s, = 1 TeV, hH/A— vt 50 |— Observed ]
60— —e— Obs 95% CL limit o £ - | Expected i
iR 3 =ee Exp 95% CL limit 8; y - + 1o Expected -
= 1o o 8. 40+ -
50 - 20 & £, . 0 i * 20 Expected ]
- . —— Obs 95% CL limit 3. T N
N =1 Opry £ N L i
40 § 5 - 30 -
30 & é : n N i
ST * . 20| -
20 © i = = 1% )
- E// - 10 i T mPSMF 12513 GeV | 4
10 = = MSSM m["°" scenario -
| 1"’1 1 I L1l l":l L l ) | ‘i Ll l L1 i | I - I L1 l"l:l”l':l‘lj.i.‘vvl: 7
L 1 L l L 1 L l L L 1 ]
100 200 300 400 500 600 700 BOrCT)1 9[?3091\;)]00 200 200 500 300 7000
A m, [GeV]
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ATLAS and CMS search for H*

2HDM/MSSM (NMSSM) predict the existence of H*

* The BR(H?) is presented for m,m@* model of the
MSSM

« H*->tv is relevant in a large parameter range,
specially for low my,, (below my, )

« For my, above m,, H*->tb is the predominant
decay

« H*>WH*Z also searched in the context of Higgs
triplet model (not MSSM)

b

i

A 4

A

BR(H" — ... BR(H' — ...)
e 1 e e
--------------------------------- x 1
m S o -
Al i
107 L5,% 107
—W - E: _W
MHMAX C :
tan p=1 ::l; i t"f.':'\gfsxs b
ER) 4 - g ”cs
102 - ¢ -hw 2
A 107 ~hW
AW, g : AW,
~ xixi ........... %%
- j
- \\ H
10‘3 L oA - | |o. Lo x4(|)o| L 15(1)01 T ';0‘ L 10_3 R Y .5. 1 .‘"f.. P IS (T ST ST S NN SN S NS
10 200 30 BV 100 200 300 400 500 600
mw[ e] mw[Gev]
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Search for H¥*—>tv

o o Ems ATLAS = eomme
e Similar strategle§ in both ATLAS and CMS at S 10 ILdt=19.5fb'1 gj;i;
the search for a light and heavy H*—>tv 210° S=8TeV o cevus
107 tan(p) = 50 MSSM m"™* 1
L High-mass H" selection ]
« In the ATLAS search: 10 sostfit
— “tautjets” channel: one hadronic tau decay and 10 i ;
jets from the full hadronic top decays L0 p— e ——
I I I . I » 1.5 A o
~ tau+Missing Er trigger: very involved W
_ H H o v . L . 1 . . .
High and low mass categories are separated O 0500 500 800 00([)G : \/2100
L] L] [ L] L] m e
« Example from the final discriminating | | i
distribution from the high mass category my=\2pr(t) By (1—cos A9( Er™, 7))
% E —l—- Mledian elxpectecli excluslion | | ]
50:_ : Observed exclusion 95% CL _: . . .
- i | 95% CL exclusion limits on tanf as
P | afunction of my, in the context of
300 J e s - m," benchmark scenario of the
JoF =8 TeV MSSM, for mH+ < m,,, search.
- Data 2012
105 MSSM mj}'®* scenario
B B

0_|||| I L T
80 90 100 110 120 130 140 150 160
m,, [GeV] 14



Search for H¥*—>tb

* Most predominant decay at high mass.
* First results from LHC already available.

19.7 o' (8 TeV)
U |

& LB ] L
£+ c [ CMS 1
m R
—
/ pp — Hb)H 1
H'—t"v, final states:

T, +Hets

W+ v ' H'—tb final states:
/]

Isets, pe, I
{- 101 MSSM mP> ' -

:\_s_\\ —=— Observed

i Excluded
{558 Expected median = 1o :
------ Expected median + 20

v - mUSS" = 125 GeV ]

0 i (77772 mh""SSM = 125:3 GeV

b Plllllllllllllllllllll

0 250 300 350 400 450 500 550 600
m,- [GeV]

——

* Recent paper from CMS combining searches in tv and tb

channels:
15




Remaining parameter space in the MSSM Lol,l,f

* The low tanp regime in the MSSM has a very rich 6/7/3’
decay spectrum of MSSM Higgs bosons

— However, the discovery of a light CP-even Higgs boson
at 125 GeV has imposed very strong constraints: SUSY
scale should be very high.

— Examples: arXiv:1509.00672 (ATLAS)
. ©bs. h couplings [xy, Ky, ] |:] :bs.. H— ZZ— 4l, Il qg/bb/vv
[:J f)::., AH-t \:] :::., H—>WW- Iv qg/lv
+ Phys. Lett. B 744 (2015) 163-183 (ATLAS), |- Joma-mwse =0 227"

arXiv:1504.04710 (CMS)

« arXiv:1509.04670 (ATLAS),
CMS-PAS-HIG-13-032

« arXiv:1504.00936 (CMS),
arXiv:1507.05930 (ATLAS),
arXiv: 1509.00389 (ATLAS)
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A—> Zh -> lltt/libb/vvbb in ATLAS and CMS

Higgs bosons to 125 GeV
Higgs + Z boson

Take advantage of Z—>lIl /
Z —>vv decays

Use highest branching ratio of
Higgs boson decays (bbbar/tt).
Typically use knowledge of
masses of Z/h to select events,
constrain the system and
improve 4-object mass

_ook for decays of new, heavy

aa B
c
(O
e

10?

|||||||||||||||||||||||||||||||||||]|
" ATLAS A—>Zh m,=300 GeV 1
2HDM Flipped

_ ‘(2§0=38f;$v — Obs 95% CL [ +10 band |
C : ----Exp 95% CL [J+2c band 1
[JExcluded [Jby A—>1t

T T Y Y
08 06 -04 -02 0 02 04 06 08

This type of search constrains parameter region in
(tanp, cos(p—a)) plane. The figure shows the 95%
CL allowed region of parameter space for type Il

resolution. 2HDMs from ATLAS Run 1 measurements.



ATLAS search for A—> Zh -> lltt/libb/vvb

e h—>vt, Z—>l
— Categorized based on t decays

— Shape of hadronic tau fakes from SS events

plus taus failing ID criteria. Normalization
from sidebands.

e h—>bb, Z—>Il and vv

— For Z—>vv use track MET and transversez

Mass.

— Multijet backgrounds:
— uubb negligible
— eebb estimated by fitting mll to templates with
inverted isolation

— vvbb estimated by inverting cuts on track versus
calo MET.

— V+HF constrained with V+0/1 btag
versus number of jets.

Events /8 G

Data/SM

Events /20 GeV

25

10

- i l T '
L ATLAS
20f- $=8TeV, 203" ] 7Z")SM zh -

15N

L
¢ Data 2012

[] Fake-=/l background 1
s Uncertainty -
B . = 340 GeV

A—=7Zh— Ikrw‘m”hhatruu _:
A-—>Zh—>lht
! .

P PP WP : ] ]
250 300 350 400 450 500 550 600

mze [GeV]

A'TL ASI —e— Data 2012

\5=8TeV, 203" A—Zh(bb)
2lep., 2 + 3 jets, 2 tags mmm SM Zh

........ T T
mmm M, = 500 GeV

= Diboson
— Top
Em Multijet
mmm Z+hf

= Z+cl
2+l

[ Uncertainty

A->Zh—>lIbb

300 400 500 600 700 800 900 100011001500

miee [GeV]




III]I ] IIIIIII[I_

T TT IIIIIII T
A—Zh m,=300 GeV

ATLAS search for A—> Zh -> lltt/libb/vvbb

 Constraints for a gluon-fusion and b-associated s
. 102 Sy ans’  —Obs95%CL [m+ioband
produced heavy CP-odd Higgs boson A : it Sl ]
* No evidence for new physics [ ‘

tanp

IIIII[III
| ATLAS

108 E

E CTTroT ‘ [rroT TT T T T T T T T T T T T T T T T T T T T T T T TTTT ': E rrrrrprrrt LN AL LA L L L B RO
% B \ ATLAS —® Combobs95%CLlimit | % C ATLAS Comb obs 95% CL 'f'“f' a1
|_-8 10 \ - «====+ Comb exp 95% CL limit — B [ _ =====- Comb exp 95% CL limit _|
1 E \s=8TeV 3 ? \s=8TeV [ - toband —
< - \ 203" [ < tobana c 1F 20.3fb"' []=20band EIN: ;
- S [T - 20bena L g OB O L %0 02 04 06 08
CQ | —_— CQ r -« 1 1 exp95% CL limit _| i : ) ) ) i ’
= 1E \ ==+ llbb exp 95% CL limit = N lep"had 05% GL limi
E = Eoo, = TepTep €X imit |
'}‘ - N — = vvbb exp 95% CL limit | '?' oI ’ cos{f-a)
< F > < 10"\
T 401 [l "
m)i 10% = 9 : —III||[Il||IllAllzlhlll“I;&)lGlelvllll||||[|—
s} - | i ATLAS oo Type i
- : L XTI ot ol oo
102 102 = - EXp 95% +20 band J
:| o b b b b b b ey ': :\ v b v b b b b P P g |l l: DEXClu*d Dby i
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
my [GeV] my [GeV]
10 =

A->Zh, h—>bb A—>Zh—>lltt

Cross-section times BR limits use
gluon-fusion only, while plots on the i

right also use b-associated production. — ©® o o ez o 02 o4 06 s i
cos(f-a)
]




CMS search for A—> Zh -> lIbb

Use loose and tight b-tagging
Study 0/1/2 btag regions but m,,
far from m,

Kinematic fit to improve mass
resolution

Multivariate BDT trained
separately for different m,
values

Results from fit to 2D
distributions of BDT and m,,

T 0
( € - H —e— Data _‘
§ 300 CMS Intermediate mass = 24T,
[ Z+jet: ]
B B Z+b R
| £ 250 ‘ W 705 =
] ‘ [— 33 .
] - -
i 2001~ 7 [_] MC stat@syst |
1] C | === m,= 300 GeV -
* o ]l s m,=325GeV
= 150 S8 ——— m=350GeV ]
100f ;
50: 1 "
L Q & | T
g’ 100F ' ‘ " =
. 50} T+ ]
4 ‘E 0 »—M‘.d## “+++# ++‘0.00’00000»00-00 PAPAPAPAPPA
fa] 3 "
f -50F ’ :
¢ -100E

= =
< 0.14-

0.1 25
oif
o.oef
o.oef
0.045

0.02

A—>Zh—>ebb (=ep) L=197f" (8 TeV)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

200 250 300 350 400 450 500 550 600 650 700
Mgy, [GeV]

A—Zh—Illbb (I=ew




CMS search for A—> Zh —> llbb

« BDT adding significant additional
information:
— Using 1D fit only worsens limits by 10-20%

A—»Zh—»CCbb L=19.7%H" (8 TeV)
u : L T T T T T T T ] T T T T ] T T T T :
S [ CMS 95% CL limits .
=3 — Observed
i - Excluded region
S Expected R
Expected +1o
10 Expected +2c n
77 / /
Type-l 2H DM' N = 300 GeV
'1 1 | 1 l 1 7 | | | 1 | 1 |

1075 05 0 0.5 1
cos(B-a)

- A—Zh-eebb

L=19.7fb" (8 TeV)
= .;: | | | |

ﬂ B -
S [ CMS :
i~ N 7 :
1 95% CL limits AV 77
- —— Observed 7
- Excluded reglon o 7
L eeeee Expected 7
Expected £1c
- Expected 20 ;
Type-il 2HDM =300 GeV
'1 | | l 1 | :.!,. v_','ﬁ | I l , / §
101 -0.5 0 0.5 X
cos(B-a.)



Search for hn—>bbyy/bbbb/bbtt/\WW\Wyy

« Search for both resonant and nonresonant Higgs boson pair production

@ F
$2000F
© 1800F
2 1600F
c C
21400,
1200F
1000F
800F
600F
400F
200F

9

t/b A

9 QQQQQQ/
(2)

hh —> bbtt channel

.....

TTIrT I TTTrT I TTTT I LI I LI I TTr 1T | IIIIIIII
- ATLAS (s=8TeV, 203"
— preselection Mt * €T
- % —— Data
- % Top quark
- % Z/,/é Z—tttjets
% %/; Others
- % %/ Fake 1
. /%%, % Systematics
- ’ @ [ ] H(300) hh(20 pb)

' Nonreso. hh(20 pb)

] R N SN N NN NS NN N NN N

50 100 ‘150\200 250 300 350 400

m,. [GeV]

Events /(1 GeV)

18}

CMS Preliminary L=19.7fb' (s=8TeV
20_IIIIIIIII|IIIIll:llIIII|IIII|II|I|IIII
X — HH — vvbb m, =270 GeV
X I —o— Data
- Medium purit — Fit
P y Fit+t2o

16

141

100 110 120 130 140 150 160 170 180

9

t/b A Y

(b)

llll

Fitt1o

i

I|III|III|III|IIl|III|III|III]III

P P e o

m,, (GeV)

Nonresonant
background fits in
myy for one of the
categories (medium
purity) for the
resonance mass
hypothesis of 270
GeV.
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Search for hn—>bbyy/bbbb/bbtt/\WW\Wyy

c6(gg—H)xBR(H—hh) [pb]

10°

10

10

102

T TTTT]

L I L N B IR
ATLAS (s =8TeV, 20.3 b

B —o— Observed =~ oo bbttexp |
; ----- Expected  ---:- WW+y exp E
E I f1cexpected —— bbyy exp E

+ 20 expected — — bbbbexp |

Lt

T IIIIIII

T III[III

IIIII

llIIIIllllIIIIlllIIIlllllIIIllllIllllIl_

| llII[III Lt

lIlI

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

Results combining all channels. The

improvement above 500 GeV is due to the

sensitivity of the hh—>bbbb channel.

tanp

ATLAS (s =8 TeV, 20.3 fb™ low-tb-high
[ Observed exclusion [ Expected exclusion
------ Constant m, (GeV) w2 1 0 @Xpected

I m, <122 GeV

I T T T 'vr T T T I T ‘-I T | T T T
Q! ! o I

1 111 T BRI B 1:
340 360 380 400
m, [GeV]

A :
220 240 260 280 300 320

Observed and expected 95% CL exclusion regions
in (tanp,m,) plane for the low-tanp-high MSSM
scenario. The observed exclusion region in this
plane is smaller than the expectation, reflecting a
small excess observed in data.
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Search for H—> WW/ZZ

 In this search the Higgs is either produced by gluon fusion, VBF

or VH processes

— Mass range from 140-400 GeV up to 1 TeV.

ZJUncertainty

> 1 03 E T I IIIIIIIII I IIIIIIIII | IIIIIIIII I IIIIIIIII
o ATLAS - Data :
o [ Vs=8 TeV, 20.3 fb™ [ ggF H (200 GeV)
= 102t H—2Z-1lll, ggF 5 x obs. limit
ZA- [Hqa—2Z ]
o I Wog—2Z

u>_1 10 [Z+jets, tt

L Lo viviinnn L % il
200 400 600 800 100C

my, [GeV]

Distribution used in a likelihood fit of the four-
lepton invariant mass (my,) for H->ZZ->llll search
in the gluon-fusion production mode. No events
are observed beyond the upper limit of the plot.

CMS wpto51f"(7Tev)+upto19.7 o (8 Tev

3 )
210 E I I I I I 1 I 1 I I | 1 I I g
bw - === Combined === Combined (exp. = 26) 1
s - =——H S>WW > 2(2v=—=H >WW — [vqq -
2L _
S 10°F —H 2z 5202y —H 22 40 E
— N H—->ZZ - 2027 7
£ 10k H -2z - 2(2q _=
1 - ]
@) Z ]
=}
o~ 1
(g} =
(@)) N ]
107 B e E
10—2I I 1 1 I 1 1 I 1 1 I 1 1

600 800 1000
m,, [GeV]

Upper limits at 95% CL for each of the contributing
final states and their combination. The theoretical
cross section, og,, is computed in arXiv:1307.1347.

200 400
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Next-to-MSSM (NMSSM)

« NMSSM: next to minimal supersymmetric Standard
Model

— Addition of a singlet in the Higgs sector

— 2 more Higgses and one more neutralino with respect to
MSSM; more freedom with respect to the MSSM

» Higgs sector not necessarily CP conserving at lowest order
(although usually CP-conservation is assumed)

* Tree level MSSM relation “m, < m," is not valid any more
— Typical signatures involve a light CP-odd Higgs

*a>uu

* h—>aa—>purt/uuuw

* h,—>Dbb in cascades

25




Search for a—>uu

« Search for a gluon-fusion produced, light

CP-odd Higgs boson decaying to uu

g
M
a /1
9
o
g " -~ | —— Observed CMS
3 12 = | #9% Expected = 10
‘l E | - Expected + 20 Vs =7TeV
10
o F
2 8
@ E
e S
(] -
E'F
2 u
=)
=)

o
(2]
o

6.5 7 7.5 8 8.5
mw [GeV]

Upper limit on oB(pp—a—pp) [pb]

Events/[0.1 GeV]
-
o
-

LI lllllll

103

-lllllll

CMS 5=
L=1.3fb"

— Total Fit

+ Barrel Data

~— 7 GeV Signal x10
— 12 GeV Signal x10

7TeV ]

—

L.l lllllll

Events/[0.1 GeV]
—
o
£

LI llllll]

-
o
w

+ Endcap Data

— Total Fit

— 7 GeV Signal x10
— 12 GeV Signal x10

AL L L LLLL

L. lllll

6 7 8 10 11 12 13 14
mllll [Gev]
4 [— Observed CMS =
12 & | @ Expected = 1o =
- |- Expected + 20 Vs =7 TeV 3
10— L=1.3fb" ]
8 E
6 — E
4 :— _:
2 E/—\ .
s M : : PR |
11.5 112 14
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Search for h —>aa—>uutt / nuuu

Search for this decay in multi-lepton events, with several resonances involved

% Residual

B LRI U IS R .'vl._y:l
10'ECR] (s=8TeV, 2030 ATLAS E
— Background Model _. <+ Data =
108 Fit Uncertainty g -
FI S O B Z/y* Component 2 3
I T B B fi Component ?—
28] 3 32 34 36 38 4 9 95 10 105 11 115 J
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% 1.5
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gc” 1
T
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g o5
e}

0

—aa

I
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20.7fb" (8 Te

1<

lIIIIlIIlIIIIlIlIIlII"v

L L LB L LA LB L
I I I I I I

- NMSSM 95% CL upper limits:
v m,=3.55GeV

-e— m, =2GeV
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Conclusions

No evidence for BSM Higgs yet.

Current searches constrain large parts of parameter space

— There are still many things to do be done, and many
searches that are still starting up.

— Expect that this will continue to be a hot area in Run-lIl.

For the coming months expect early results in high mass
searches.

For Moriond, search of intermediate-high mass Higgs
bosons with full 2015 dataset.

For summer, update with searches sensitive to additional
data collected in 2016.
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Production modes in MSSM
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Branching ratios in MSSM
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Searches for h/H/A —>bb ng/) /
3/7/3)

— Trigger selection: 2 high p; b-jets inclusive.
Offline selection: 3 tight b-tag inclusive.

— Most important background: QCD, estimated
from data with control samples.

— Categorize the events according to flavor of

CMS, 19.7 fb'' (8 TeV)

e Data

[ (B2+B1+C2b)b
[ (b

1 (@b

[ bb(B2+B1+C2)
[ bb(C1+Q)

EZE8 Pre-fit bin-by-bin unc.

dN/dM,, 1/GeV

jets: 2b, 1b, 2c, 1c, LF jets. [ty 7

— Use different templates for each category and
merge according to weight from simulation
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Search for H*=>W=*/Z

« Higgs triplet model (not MSSM).

* Require two forward separated jets
iIn n with large dijet mass
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Search for H*=>W=*/Z

« Set limits as a function of m,,,

« (sy)? is the fraction of vector boson mass squared (m,?/m_?)
generated by triplet vev (free parameter) in Georgi-Machacek Higgs

Triplet Model.
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Search for h,

—->bb In cascades

« Alight boson produced in a SUSY-inspired cascade: hard jets, MET and b-jets
from Higgs decay
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Tau CP / Flavour tagging
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