Extended Higgs sector

Alice Magnani
University of Pavia and INFN

on behalf of ATLAS and CMS collaborations

@) mf,?

ATLAS (-

EXPERIMENT

Precision theory

for precise measurements at the LHC and future colliders

Quy-Nhon,Vietnam
September 25-October 1,2016



Extended Higgs sector

* Many BSM theories require for extensions of the Higgs sector.

* The observed 125 GeV Higgs boson can be part of a wider family.

* New physics in the Higgs sector can be detected either in deviations of the h(125) couplings
w.r.t. SM predictions, or through the discovery of additional Higgs states.

Composite Higgs

Higgs Triplet

An additional scalar triplet results
in charged, doubly-charged, and
neutral bosons.

Observed
h(125)

Two-Higgs Doublet Models
(2ZHDM)

Additional Higgs Doublet gives rise
to 5 Higgs bosons (H,h,A,H?)

Minimal Supersymmetric
Standard Model MSSM

Type-Il 2HDM

Current common benchmarks
hMSSM, pMSSM

2HDM+S:

Two Higgs Doublets and an additional
complex singlet (e.g. NMSSM)
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Electroweak Singlet (EWS):

resulting in 2 CP-even bosons.

Additional singlet,
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Extended Higgs searches

Very rich research field, with many possible signatures.

Two-Higgs Doublet Models

(2ZHDM)
Composite Higgs * Charged Higgs
Di-Higgs analyses, H*—tv,H"—> tb
see talk by C.Caputo H*—cs, H*—cb

* Neutral Higgs

e Fermionic decay:

Higgs Triplet Hott,H — tt
H==H=*—lllv/4l

. s Observed H—bb, H—up

H* -WZ h(125) * Bosonic Decay H—VV

* Higgs to Higgs decays
H—-ZA, A—Zh(125)

2HDM+S:
H—VV

h — aa see talk by C. Asawatangtrakuldee

Electroweak Singlet (EWS):
H—-VV
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https://indico.cern.ch/event/559999/contributions/2262536/
https://indico.cern.ch/event/559999/contributions/2261258/

Neutral RHiggs

Fermionic decays




The MSSM after Runl

. Obs., h couplings [xy, xy, xJd [ Obs., H— ZZ- 4l, Il qq/bbivy

------- Exp. ------- Exp.
el T e * Many searches were performed in run-1I at
|:| g:::,A—» Zh- liivw bb —3 :)b:; ::yl;rm Wiy . .
= e B the LHC, no evidence of BSM physics
© ' ATLAS;HEP(2015)206 *  Much parameter space is excluded, but
20 N ] there is still room for high mass BSM Higgs
L]~ S ATLAS
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Search for A/H — 171

Gluon fusion and b-associated production. O

Discriminat

CMS transverse mass of the di-tau system

ATL

ing variable:

AS total transverse mass

Non-observation interpreted as limit in (mA, tanf3) plane

for various MSSM scenarios

T T T |
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Exclusion limit competitive already with few fb"! @ 13 TeV with Runl
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Search for A/lH — upu

CMS 1508.01437v2

Common selection

3
* Expected BR O(10°%) smaller than tt but Single muon trigger  py > 24 GeV + isolation ¢ ] < 2.1
experimentally cleaner Event primary vertex jzry| < 2em
Muon selection 2 ppposite-charged muons,
. . = 24V, || < 2.1,
 efficient reconstruction and excellent mass P qu___]itlf ,lmf
resolution Df.;-;rl < 02, ||f; < L1 cm,
angular matching with trigger,
o . . . isolation
* Also split in gluon-fusion and b-associated s i 35 GeV
production Category C1
b tag 1 ar 2 b-tagged jebs,
. jet 3
CMS results with 8 TeV, ATLAS search only pr_> GV, [y < 24
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Search for A/H — bb

8 TeV CMS 1506.08329v2 |3 TeV CMS PAS-HIG-14-017

¢ produced in association with at least one b Search for a neutral boson resonance
quark and decaying to bb. decaying to b quarks with a
Final state with = 3 b- jets. Signature sensitive to mass in the range 650+1200 GeV.
MSSM Higgs at high tanp3. > 2 b- jets selections.
Search for a peak in the invariant mass distribution of 2 benchmark models, spin-0/spin-2
the two b jets with higher p;
L b b b b b
4 b 2.69 1o (2015)
...;-< -8_ CMS X = bb, 95% CL upper limits
B ~ 2l . —— RS graviton, %=0.1
' Iﬁw F Prefiminary —e— Observed (spin-0)
g QOO A= A < e Expected (spin-0)
T L I +1 std. deviation (spin-0)
g, - +2 std. deviation (spin-0)
L —=— Observed (spin-2)
CMS, 19.7 fb' (8 TeV) 0 CMS, 19.7 o (8 TeV) + 4.9 fo (7 TeV) '2 -------- Expected (spin-2)
g * Data ‘E‘EE- m4* scenario © 10
= I bbg(350 GeV) = +200 GeV -
~ [ (B2+B1+C2,b)b [ my,# 125:3 GeV B
= [ 1(C1bb B
3 1 {Qpp B
Z bb(B2+B1+C2) 40 L
bb(C1+Q)
re-fit bin-by-bin unc. B
3
20 95% CL limit :\\l|\lll‘\\ll‘\IH|I\I\|I\ ‘\III|\X103
D Ok rHH TR T L Y e Expected 06 07 08 09 1 1.1 1.2
B e m, (GeV)
g 09 o L — Obseried
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PP TR TV PPN PO PR SOVSTION
100 150 200 250 300 350 400 450 500
M;; [GeV] m, [GeV]
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A S

ATLAS CONF-2016-073

Search for A/H — tt @8 TeV

* If the new boson mass is above 2 m,, decay to top pair is allowed.

* Particularly competitive in 2HDM for high masses and
small/intermediate tan beta.

* Invariant mass spectrum of the tt pair in semileptonic final
states is reconstructed via a kinematic fit technique.

¢ Interference effects between the signal process and gg—tt
production in the Standard Model, heavily distorts the signal shape
to a peak-dip structure,

* Exclusion limits for two masses (500 and 750 GeV), and for scalar
and pseudoscalar hypoheses, as a function of tanf in MSSM. The
500 GeV limit excludes tanf3 < 0.85 (0.45) for A(H)

hypothesis
YP pseudoscalar mass 500 GeV
T L ™ T T ™
z 200 T T I - mag
g ATLAS Simulation Preliminary ] E 1s=8TeV [Lot=203M"  ATLAS Preliminary
= -1
% 15=8TeV, [Ldt=20.31b . | goAstt. m, 500 Gev
- =
o 150 8l i E sin(-aj=1, Type Il 2HDM
& - C
after det. sim, and event sel, ] i
100 m, = 750 GeV, lanf = 0.70 =7 E
50 - e
: E —— Ooserved
: . B Exp. 95% CL upper limit
0 10 E_ - Exp. £ ¥o uncerainty
PRI BT BPEPEPEE .- PP BPEPErE B - [ ] Exp.= 20 uncerainty
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n-(tom[(;au] 0 1 2 3 4 5 6 7 8 9
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Neutral RHiggs

Higgs to Higgs decays




Search forA — Zh,h — bb

ATLAS-CONF-2016-015

* Search for a pseudoscalar state in the mass range 200 — 2000 GeV
* Decay mode: Z boson to vv or Il and a SM Higgs to bb.

* Useful to probe a complementary region of the parameter space with respect to
fermionic decays in MSSM.

Categories according to

a TTT | T TT | T T | TTT | TTT | TTT I TTT | TTT
_ pp—A—Zh m =600 GeV Type Il |
* 0/2 leptons s | ATLAs ! H
Preliminary ~ Obs 95% CL limit +1o band
¢ pqof Z candidate (low < 500 GeV, high 2 500 GeV) 1P {S=13Tev ~— Expes%CLumit  :25bana ™
. . . . | Ldt=3.2 fb .Emluded [ yfm,>5% |
* # b-tagged jets (gg fusion or b associated production) I )
Final discrimimant: I
m(Zh) in 2-lep category, m(Zh) transverse mass in O-lep category I
Sl iy B ey o :
% \s=13TeV [Ldt=321b" _Dﬁ,":ﬂ“‘ 10 |ATLAS Prehmmary“‘Ex;’:t';‘t’;’d ((CL:)) E £ .
5 2lep., > 2 jets, 2 tags ) Foisk1aTev, | Ldt=32f ' @+ 1o ] r ]
T Py <500 GV -w:'?hb.bc.cc,bl) L [CJ+2 L 4
110 GeV <m,, < 140 GeV = Zs(blcl)

mmm Z+(bb,bc,cc)
Uncertaini tz
« Pre-fit background
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T T T
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-
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-08 -06 -D4 -0.2 2 0.6 0.8
cos (B-a)
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Search for H — ZA,Z — IIl,A — bb | )

CMS-PAS-HIG-16-010

. . . o o 500
*  Motivated in 2HDM with twisted custodial symmetry
which gives a heavier scalar H and a ligher pseudoscalar A AH= HH* HH*
boson.
* 21+ 2 b selection =
. . . =
* Depending on (my-m,) hypothesis, a rectangular signal g i )
region is defined in the (my,;,, m,) plane.The inverse is £
used as control region. 125 h h h
A
* Limits for three my hypotheses, as a function of m, |
MSSM-like im2HDM im2HDM
-1
CMS Preliminary 2317 (13 TeV) CMS Freliminary 23713 TeV) — 05 c 2.3fb" (13 TeV)
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o e Zroe o0 L . — xs:;v:
: S e T =T
- . X = [ o, (tan Bfﬂ
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10°
' 10°- M
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g l_‘g | | I'[ I I g 1.4 T\ I"'+II | T T T | I | '; E 2HD”|;_‘“)¥PE£-)U1
= 12 = 1.2 F = [ cos(p-c) =0,
(=] 0EpETE 1 I 111 E (m] 0EE 1 3 o b b W b b b Ly
B s R S A RN R b 100 200 300 400 500 600 700
Massi(ji) (GeV) Mass(llj) (GeV) My [GeV]
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Diboson searches

CMS

ATLAS

H—->Z7Z— 4l

H->ZZ—- 212v
H —-ZZ/ZW— 212q/2v2q

H -WW/WZ — Iv2q

H -WW— Ivlv

CMS-PAS-HIG-15-004

CMS-PAS-HIG-16-001

CMS-PAS-B2G-16-010

CMS-PAS-B2G-16-020

ATLAS-CONF-2015-059

ATLAS-CONF-2016-012

ATLAS-CONF-2016-082

ATLAS-CONF-2016-062

ATLAS-CONF-2016-02]
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http://cds.cern.ch/record/2139978?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/
http://cds.cern.ch/record/2140099?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-021/

Searches for H - VV

* VV resonances important in several models, including extra-dimensions (e.g. G->VV in
Randall-Sundrum models). Typically scalar searches limited in the range up to | TeV.

* In the MSSM they cover low/int region in tanf in the mass range 2m,,, 2m,

*  For runl they provided complementary information with respect to fermionic searches.

* Projections for run Il show limited improvement of the phase space that will be covered by
fermionic decays.

* Di Boson searches are instead useful in type 1 2HDM, and they are a good probe for Singlet
(+Doublet) Models.

No evidence for new physics has been found.
CMS Preliminary <5.1 "' (7 TeV) +<19.7 b (8 TeV)

s Obs., h couplings [x, x,, k] [0 Obs., H— 2Z- 4, Il gg/bb/vv 2HDM Type |, cos(p-0)=0.1, m, =M =my+ 100 GeV
------- Exp. ==-e--- EXp. a1
[ Obs., AlH-tt [FI53T3 Obs., H— WW— Iv qq/lv [= 8 8
-- Exp. ------- Exp. o gt [ Observed exclusion 95% CL
[ Obs., A— Zh—li/vv bb [] Obs,H- hh 7r === Expected exclusion 95% CL
"""" Exp. — 4b, bb yylt, WWyy 6F H— WW/ZZ (arXiv:1504.00936) |
[ Obs., H'— w ceeene EXp. - (arXiv:1504. )
E—-N 5 [ AHh—  (HIG-14-029)
@ W T T T T 7] | [ ] A>ZHolir (arXiv:1603.02991) | |
E 40F g 4 [] A—ZH-slibb (arXiv:1603.02991)
30 5 3L Non-perturbative region
20 B
105 s == N ATLAS
5 ' \s=7TeV, 4547 fo"
4 1s=8 TeV, 19.5-20.3 fb"'
3 \, hMSSM, 95% CL limits |
2
o) 3 N 2
200 250 300 350 400 450 500 '
m, [GeV] 200 300 400 500

ATLASHEP(2015)206 CMS-PAS-HIG-16-007 M GeV]
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Charged Higgs Bosons




Charged Higgs searches

Wide range of final states allow to probe different regions of the parameter space
in a variety of SM extensions: MSSM, 2HDM, Higgs triplet models...

Model H* mass range

H*—1v MSSM,2HDM both low and high
H*—tb MSSM, 2HDM High mass
H*—cb MSSM,2HDM Low mass
H*—cs MSSM,2HDM Low mass
VBF qqH*—qqWZ Higgs triplet High mass
H** to leptons Higgs triplet High mass

myg.”mg-~m,
In 2HDM a charged Higgs production
modes depend on my,,.
* At low mass (my,<m-m, ) charged Higgs
can be looked for in top quark decays.
* At high mass (my,>m-m,) the charged
Higgs is produced in association with a top
quark

s OO0 —————
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High mass searches H* — tb

LA
% 107 ATLASI Preliminalry | ;E:ta ‘ -I-_ll*aooes\h
ATLAS analysis on 2015+2016 dataset B S SE::%G"V Egﬁg’& _
0ok 7/ Uncertainty

* | lepton, > 4 jets, >2 btag, T,,4 Veto

10°F

10°F

* 4 control region and 4 signal region based on L =0 =t
the number of jets and of b-jets “

¢ Discriminating variable in signal region is

the output of a Boosted Decision Tree go:ﬂ: %///%/%%/%/ /////W

%2 Ysgy G2 262 G Fagy gy g,
E T I L Zun Jum a2 ' LN a4 ' TiTrry ' L Zun 2un e 4 ' frirr ' ( = = g ‘[ Y i°'y l ﬂ_ — 1 ] ™ T T T l T I T 1
g ATLAS Preliminary _ § P i
? - ——— Observed imit (CLs) 3 i 7
e *T O == Expected fimit (CLs)
E_, . e = - ATLAS Preliminary
= : x k -
E — m™ tanp=05 J 10k MSSM m™ Observed exclusion —
0 % 1L - T Expected exclusion -
2 : i [ R -
B - : ‘e = -1
% : ] L 1s=13TeV, 13.2fb :’12{3 j
L H'- 1 4
1ok 1s=13TeV, 13.2f0" al 1
R TPTPIPE DACTIOON (PRTTCND WARHEVPH SV B " NP L R R
300 400 500 600 700 800 900 1000 300 400 500

CMS result @8 TeV. Upper limit on the s(pp-> tbH+) x BR(H+->tb) between 1.99 and

0.13 pb in the mass range 180-600 GeV [CMS: 1508.07774v2]
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High mass searches H ATIASCONF 2016008 ¢

ATLAS analysis on 2015+2016 dataset DT — ‘ —— :
8105 ATLAS Preliminary e Data O z+jsts 3
. [ misiDj >+ [ Diboson T
Event Selection S b Vs=13TeV, )8 siglodop - H v 200GeV (5 ]
. . . . P 14.7 b’ [ WHets oo o v 500 GeV (x5) ]
¢ 23 jets including 2| b-tagged jet ;:;132 S O Vil o B w1000 GV (<10) 3
a1 . 3
* |l tandnoeorp Yo f
* Eq. > 150 GeV 11
* my > 50 GeV 10
% 1.5 Uncertainty
e 1
° ] ° ° g 0'5
final discriminant variable 0 7 T
my [GeV]
- T Jmiss
mr = \2PLERS(1 — €08 Aoy miss) .
2OV H
< =
3 ,'I‘"""I"' rprrrrrerrrTee T T T e Tl H555 -
% B ATLAS Preliminary i 50F =
> L {s=13TeV, 14.7 fb" | : -
*‘{ 3 _. Observed (CLs) 1 45F E
o« R N — Expected (CLs) 40F E
ok . 35} ATLAS Preliminary
X F 1 30E 1s=13TeV, 14.7f6" 3
i i ] s H* — tv; hMSSM scenario]
§10_2 . N 25 2 Observed exclusion
T g E o0 2015result e Expected exclusion ]
g - ] F —- Observed I ER 3
© - 1 151 ---- Expected [ J+2c E
10‘3'l'"l"'I'"l"‘l"'l"'l"'l"'l"'l' 10:||||||||||||||||||||||||||||||ML|||||||¥
200 400 600 800 1000 1200 1400 1600 1%00{%%[{?] 200 250 300 350 400 450 500 550 600
H m, [GeV]

CMS result @8 TeV. Upper limit on the o(pp-> tbH+) x BR(H*->tb) between 0.38 and
0.025 pb in the mass range 180-600 GeV [CMS: 1508.07774v2]
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* In the MSSM 1V is the most sensitive final state, excluding
completely my,<m,,, also in the low tanf region, where
decays such as to H* — cs become prominent.

« Still room for a light H* in other 2HDM. Decays to quarks
are particularly enhanced in Flipped-2HDM

Search for semilep tt pair events.The H+ % "<
can be looked for reconstructing the dijet T\k
mass from the VW decay with a kinematic fit

technique and looking for a secondary peak. MT‘&

t

H* to cs CMS: 1510.04252 H* to cb CMS: PAS-HIG-16-030

CMS 19.7 b7 (8 TeV) 19.7 o (8 TeV)

_:3009 TrrTTTTTTTTTT TR T T T T T T T > LA L L L L L B B B B LB
- 3 r CMS Preliminary & utjets, > 3 b-tags 7
_‘L 0.08 - Observed 1 + jets © 380 F —e— DATA ) ——— Br(t — H'(110) b) = 0.05|
m -~ r b
= 0.07 — Expected t— H*b, H* > 5 @ 30 j- ﬁ_ o 3
g - Expected limit + 1c BT = ¢5) = 100% qc) r Misidentified lepton ]
E 0.065 || Expected limit+ 2 Lﬁ 250 [~ Single Top -
— F Il wiz+jets 1
; 0.05 200 [l piboson -
o r EWIZIH ]
150 [~ gtat. Error -
100 ; é
so; é
A R N W NN T ok e W ]

100 110 120 130 140 150 160 0 20 40 60 80 100 120 140 160 180
m,,. (GeV) M(jj) (GeV)

ATLAS result @ 7 TeV for H+ to cs. Eur. Phys. ). C (2013) 73:2465

Observed limit on BR (t -> H+b) 5.1%-1.2%

19.7 fb (8 TeV)

:'emg'"l""|""|""|'*"|y:’,

tan B

t - Hb
- H'—=T'v,, T +ets final state
MSSM mj">*
—&— Observed
[ ] Excluded
55 Expected median + 10
------ Expected median + 20
- mi'$SM = 125 GeV
- mliSM £ 12513 GeV

H* to tv CMS: 1508.07774v2

Lo b b b b )
éO 100 110 120 130 140 150 160

10

m, . [GeV]

19.7 b (8 TeV)

A 0.05 :I T I T TT | T TT I TTTT I T TTT | T TTT I T T 1T I T I:
I'I.le 0.045F- CMS Combined e+ channels 3
EF 0 04; Pre”minaly wnn Expected (stat. only) E
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& 0.035F E
- - - Expected + 1o 3
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:_5 0.025 ;— == Observed _;
T E 3
1 0.02F =

S0.015F 3
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S 001 3
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Higgs Triplet - H* — WLZ

Georgi-Machacek Nucl. Phys. B 262(1985)

Event Selection:

pair within |5 GeV from the Z
mass), MET

Data-driven non-prompt
background estimation

final discriminant variable
My(WZ) = \/(EZ + EX)? — (5% + pY )2

CMS Preiiminary 15.2fb"' (13 TeV)
1800 ———8m ————————— —
—e— Observed
ie0Qi-— . Expected
1400 i

1200
1000
800
600
400
200

6 x BR(H: — W*Z) [fb]

1 1 1 1 1 1 I 1 1 1 1 1 1
200 400 600 800 1000
m,_. [GeV]

31,2 jets, | Z (opposite sign lepton

CMS-PAS-HIG-16-027 !X\:IE'!.AS

IMENT

1291 (13 TeV)

7] T T 1
5 -&-data vy CMS
1 [ v Non-prompt  Prajiminary
- wz — m,_=700 GeV, sin 8=1.0
40 L zz i Stat. © Sys. unc. ]
i " CMS-PAS-HIG-16-027
20 ! \ -
_ 2016
0
0 500 1000
m, [GeV]
2 10'FTATLAs | . Observed (CLs).
g‘ fs=8TeV, 20317 ... Expected (CLs)
H* — W*Z — ggqll Bt
'il 10° [ J+2
5
< 10°
g
=]
10

ATLAS Phys. Rev. Lett. | 14,231801

I.I....I....I....I....I....I....I....I....I.
1200 300 400 500 600 700 800 900 10
m,. [GeV]
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|3 TeV - ATLAS-CONF-2016-051

Electron channel only, pair production only
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Summary

* The observed Higgs boson at mass 125 GeV may be part of an extended
Higgs sector

* BSM models predict new scalar, pseudoscalar and charged Higgs
states. Extensive experimental program at ATLAS and CMS to
probe a very rich phenomenology

* No evidence found so far. Results are allowing to set more and more
stringent constraints in the parameter space of different BSM
models.

* Stay tuned! Many interesting results expected in the near future
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Search for AIH — 171 PR TLAS

PERIMENT

Tlep Thad Signal region A¢(mhagvis. £) > 2.4, my(£, E') < 40 GeV,
Veto 80 < m, r < 110 GeV for 1, 7p4.
high-Ef"S category: ~ EPS (1P + E%““l}} 150 GeV for 7. Taq ( TuThag)-
b-tag/b-veto categories:  fail high-ET"* category requirements,
Np-tag = 1 (b-tag category), Np-ap = 0 (b-veto category)

b-veto/ftt fake-factor control region mr (€, EF") > 70 (60) GeV for 7, Thag (TuThad): Nptag = 0
different tha4-vis identification for the anti-myyg region

b-tag control region Npag = 1. m(L, E.fl.mss] > 100 GeV

Multi-jet fake-factor control region invert e, y isolation requirement,

Np.tag = 1 (b-tag category), Nj_uo = 0 (b-veto and high-E.Il‘.ﬂss categories)
different Tha4-vis identification for the anti-my3q multi-jet control region
Multi-jet control region for my(f, E'II"“) < 30 GeV, no e, y isolation requirement,
Fpa estimation N0 Thad-vis passing loose identification,
Njet =2 1 and Np.zg = 0 (b-veto category), Njer = 2 and Np_1zg = | (b-tag category),
Niet =2 1. Np_gze = O and E.'IT”“ (1pT(p) + EI'E’HSD:: 150 GeV for
e had ( Tumhaa) (high-ER™ category)

Thad Thaa Signal region A¢(Thad-vis,1- Thad-vis,2) > 2.7,
Np-tag = 1 and pt > 65 GeV for the sub-leading mag-vis (b-tag category),
Np-tag = 0 (b-veto category)

Multi-jet fake-factor control region pass single-jet trigger,
leading Tj34.vis With pr = 100 GeV that fails medium identification,

no charge requirements and for leading mj,,0-vis Miracks = 7 (b-tag category),
Thad-vis, 2
Miracks = 1. 3 (b-veto category), E?m = 0.3

Fake rate control region pass single-muon trigger, isc:-latedTmucrn with pr > 35 GeV,
Thad-vis With pT = 50 GeV, Ad( i, Thagovis) = 2.4,
m (. EIT“ES) =40 GeV
Np_ag = | (b-tag category), N, 5, = 0 (b-veto category)
Same-sign validation region The two Thag-vis objects are required
to have the same electric charge
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Search for A/lH — upu

CMS 1508.01437v2

Common selection

3
* Expected BR O(10°) smaller than 1t but Single muon trigger  py > 24GeV + isolation + 5| < 2.1
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. . = 24V, || < 2.1,
 efficient reconstruction and excellent mass P qu___]itl;r,lmm
resolution dy| < 0.02am, |4, < D.1em,
angular matching with trigger,
o . . . isalation
* Also split in gluon-fusion and b-associated s i 35 GeV
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. jet at
CMS results with 8 TeV ATLAS search only at pr > 20CeV, [g™] < 24
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Search forA — Zh,h — bb

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

to vv or Il and a SM Higgs going to bb. In the 2HDM type I, it
complementary region of the parameter space with respect to

Categories according to
* 0/2 leptons
* prof Z candidate (low < 500 GeV, high = 500 GeV)

tan (B)

* # b-tagged jets (gg fusion or b associated production)

Final discrimimant:

m, in 2-lep category, transverse mass in O-lep category
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ATLAS-CONF-2016-015

Search for a pseudoscalar state in the mass range 200 — 2000 GeV and decaying to a Z boson

is useful to probe a
fermionic decays.
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Search for H — ZA,Z — IIl,A — bb | )

CMS-PAS-HIG-16-010

500
Motivated in 2HDM with twisted custodial symmetry which
. . . A H= H.H* H.H=
gives a heavier scalar H and a ligher pseudoscalar A boson.
2 | + 2 b selections %
. . . . . [«3]
Depending on (m,-m,) hypothesis, a rectangular signal region is = . )
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. h h h
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Low mass searches @ 8 TeV

19.7 b (8 TeV)

* In the MSSM tv is the most sensitive final state, excluding

eal
[ r CMS
completely the low tanf} region for masses my,.mtop. g 7
t >Hb
* Still room for a light H* in other 2HDM. Decays to quarks o A7) stato
are particularly enhanced in Flipped-2HDM o} = Gemeres
c | [ Expected median + 15
Search for semilep tt pair events.The H+ g% < [ Expacted madian 20
can be looked for reconstructing the dijet *\\ - o M 2 12543 GeV
mass from the VW decay with a kinematic fit r m CMS: 1508.07774v2 1
technique and looking for a secondary peak. to o S nan , B
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19.7 b (8 TeV)
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Observed limit on BR (t -> H+b) 5.1%-1.2%



