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BEYOND THE STANDARD MODEL

» Discover of a 125 GeV particle compatible with the SM Higgs boson hypothesis

» Use this new particle to explore/expand our knowledge

> Few models out of many:

Observed

h(125)

v
Electroweak Singlet (EWS):

Additional singlet, resulting
in 2 CP-even bosons.
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BEYOND THE STANDARD MODEL

» Discover of a 125 GeV particle compatible with the SM Higgs boson hypothesis

» Use this new particle to explore/expand our knowledge

> Few models out of many:

Two-Higgs Double Models
(2HDM):

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

See “Exotic Higgs” talk

Observed

h(123)

Minimal Supersymmetric
Standard Model:

Higgs Sector is Type-ll

v 2HDM. Current common
Electroweak Singlet (EWS): benchmark is hAMSSM.

Additional singlet, resulting
in 2 CP-even bosons.
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BEYOND THE STANDARD MODEL

» Discover of a 125 GeV particle compatible with the SM Higgs boson hypothesis

» Use this new particle to explore/expand our knowledge

> Few models out of many:

Two-Higgs Double Models
(2HDM):

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

See “Exotic Higgs” talk

Observed

2HDM+S:
Two Higgs Doublets and an

h(123)

additional complex singlet Minimal Supersymmetric
(e.g. NMSSM) Standard Model:
Higgs Sector is Type-ll
v 2HDM. Current common

Electroweak Singlet (EWS):

Additional singlet, resulting
in 2 CP-even bosons.

benchmark is hMSSM.
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BEYOND THE STANDARD MODEL

» Discover of a 125 GeV particle compatible with the SM Higgs boson hypothesis

» Use this new particle to explore/expand our knowledge

> Few models out of many:

Two-Higgs Double Models
(2HDM):

Additional Higgs Doublet

gives rise to 5 Higgs
bosons (H,h,A,Hzx)

See “Exotic Higgs” talk

Higgs Triplet:
An additional scalar triplet
results in charged, doubly-

charged, and neutral
bosons.

Observed
2HDM+S: h“ 25)

Two Higgs Doublets and an

additional complex singlet Minimal Supersymmetric
(e.g. NMSSM) Standard Model:
Higgs Sector is Type-ll
v 2HDM. Current common

Electroweak Singlet (EWS):

Additional singlet, resulting
in 2 CP-even bosons.

benchmark is hMSSM.
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BEYOND THE STANDARD MODEL

» Discover of a 125 GeV particle compatible with the SM Higgs boson hypothesis

» Use this new particle to explore/expand our knowledge

> Few models out of many:

Two-Higgs Double Models
(2HDM):
Additional Higgs Doublet

gives rise to 5 Higgs
bosons (H,h,A,Hzx)

Higgs Triplet:
An additional scalar triplet

results in charged, doubly-
charged, and neutral

bosons.
See “Exotic Higgs” talk
Observed
2HDM+S: h“ 25)
Two Higgs Doublets and an - .
additional complex singlet Minimal Supersymmetric
(e.g. NMSSM) Standard Model:

Higgs Sector is Type-ll

v 2HDM. Current common
Electroweak Singlet (EWS): benchmark is AMSSM.

Additional singlet, resulting
in 2 CP-even bosons.
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ATLAS: JHEP11(2015)206

MSSM Consideration from Run CMS: CMS-PAS-HIG-16-007

» Many searches were performed in run-1, with 7 and 8 TeV centre-of-mass energy
at the LHC, but physics beyond the Standard Model has not yet been observed.

» Much parameter space is excluded, but there is still room for high mass Higgs to
be found

> Coupling Hyy = cos(P - a) < 0.1 from h125 couplings

» Fermionic channels are interesting in this configuration
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-03/
http://cds.cern.ch/record/2142432?ln=en

ATLAS: JHEP11(2015)206

MSSM Consideration from Run CMS: CMS-PAS-HIG-16-007

> In the limit cos(f - a) = 0 (decoupled SUSY sector)

> ghrr and ghpb = tanP => useful for large tanp;
» ghee < (tanP) ! => useful for low tanp;
» gH+r & tanP => high tan;

> GHiq & [c1*tanB*mg + c2*(tanB)’ * my] => low/high tanB;

CMS Preliminary <5.11fb" (7 TeV) +<19.7fb" (8 TeV) >
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-03/
http://cds.cern.ch/record/2142432?ln=en

BSM SEARCHES IN THIS PRESENTATION

> Neutral Higgs:

» Fermionic decay:

» H=>T11 (13 TeV)

» H=bb, H=pu (8TeV)
» Bosonic Decay

» H—ZZ (13TeV)

» H->WW (13 TeV)

BEYOND STANDARD
MODEL SEARCHES

» Di-Higgs:
» H=2>hh—=bbyy (13 TeV)
» Ho2hh—=bbTtT (13 TeV)
» Hhh—=2bbWW (13 TeV)

» H—hh—bbbb (13 TeV) " Higgs-to-Higgs:
» H—=2a (8 TeV)

» H->ZA (13 TeV)
» A—Zh(125) (13 TeV)

» Charged Higgs:
» H¥—=71v (13 TeV)
» H*—tb (8 TeV)
» p*=p**—lllv/4] (8 TeV)
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FERMIONIC DECAYS
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CMS: Phys. Lett. B 752 (2016) 221

Search for H/A—pp

» Predicts the existence of two Higgs doublet Common selection
. Singl tri > 24 GeV + isolati <21
fields beoct prmany et 1 ] e
. Muon selection 2 opposite-charged muons,
» 5 Higgs bosons: a CP-odd neutral scalar A, 2 pr > 24GeV, [y < 21,
track quality cuts,
charged scalars H*, and two CP-even neutral dsy| < 0.02cm, |dz| < 0.1 cm,
angular matching with trigger,
scalar particles h and H - e < 35.GeV
Category C1
> h, A, and H, referred to as ¢ biag “Tor2b-agged jefs,
. . . P> 20GeV, [ < 2.4
» Production mechanism: associate produced (AP) Category C2
. No b tag Events with no b-tagged jets
and gluon fusion (GF).
_40° _CMS 19.3fb" (8 TeV) + 5.1 fb' (7 TeV) _40° _CMS 19.3fb' (8 TeV) + 5.1 fb™' (7 TeV)
€ | gg—o £ | gg—bbo
g 99 Expected limit + 2¢ - [ 99 Expected limit + 2¢
Q [ o—utu Q [ o—utu
6 L Ol I Expected limit + 1o o | ¢—up I Expected limit + 1o
g 102 . W Expected limit 8 12 Expected limit
- —— QObserved limit —— QObserved limit

95% CL upper limit
=

95% CL upper limit
o

L 1 ' ! l 1 1 L 1 l 1 A 1 1 l | 1 1 L

200 300 400 500 200 300 400 500
m, (GeV) m, (GeV)

L 1 1 L 1 1 1 L 1 l 1 A 1 1 l | 1 1 L
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http://dx.doi.org/10.1016/j.physletb.2015.11.042

SearCh for HIA_; bb CMS: J. High Energy Phys. 11 (2015) 071

» ¢ produced in association with at least one b quark and decay to bb

> final states characterised by at least three b-tagged jets
» Events selected by specialised triggers that identify b jets already at the online level

> searches for a peak in the invariant mass distribution of the two b jets with the highest

pT values

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

> —r
(qD) 600 e Data % - L noss . |
= B bbo(350 GeV) = f ety
500 [ (B2+B1+C2,b)b a "=
¢ ' 50 m, , # 1253 GeV
= [ (Cib)b L '
2 400 [ (Qb)b .
= [ bb(B2+B1+C2) 40k 4
300 [ bb(C1+Q) : -
mE Pre-fit bin-by-bin unc. [ / )
100 " -
95% CL limit -
k> 0 + AN PR Expected !
m 105 2 |40 e ¢l O O o I +1o expected | -
E 1.00 coioaniaonnn nnnonn '_E 10 +20 expected |
8 0.95 Illlllllllllllll llllllllllllllllll{llll ' _Observed :
0 100 200 300 400 500 600 700 800 900 1 000 -

100 150 200 250 300 350 400 450 500

M,, [GeV] m, [GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-017/index.html

ATLAS:CERN-PH-EP-2016-061

Search for HIA-+r

H—7T provides sensitivity in MSSM at high tanf3, and in 2HDM at the alignment
limit. Analysis targets two channels with different T decay modes.

Tiep Thad Event Selection Thad Thad Event Selection

» Single lepton triggers > Single Thag trigger

» 11and 1 OS e/p and Ap(T, e/p) > 2.4 ¥ 2 Thad With OS charge

» My(e/p, MET) < 40 GeV or > 150 GeV » AP(Thad1, Thad,2 ) > 2.7

> In e-channel: myis < 80 and > 110 GeV

» Final discriminant: = \/m?r(Tl,Tg) + m2.(11, ER®) 4+ m2(1p, ERis)
> > >
& 10°F ATLAS Preliminary —e_ Data 8 ATLAS Preliminary & 10°E ATLAS Preliminary _*_ Data :
-~ 1s«13TeV, 321" Dm,-QG.V.hlﬂ:ﬁE - 1s«13TeV, 321" - 1s«13TeV, 321" Dm‘gmc.v'uwgzs -
2 102k VA= o Jet—sl,: fakes ~ 8 — HA - 5, 28 o Mulitjet
g 2t - g g 10 2t
= i, single top N > > o Wty
w . M Diboson w o s t, single top
10 TP  Z-eelpp k| e B Others
7777 Uncertainty = 1 e E 77771 Uncertainty
...... N E Y | . «esaes Pre-fit background
10 g
e 102
10°

o I G B N G B
& & 1E-s-oavwzﬁwmzzzzezzzzzzgzazzzzzzzz;«: & I rw—‘mi,‘ﬂ_f ‘.-: I
= : = = T O, TORRE TN TIPS TR, TOY (e T LY TR [PURSY THPRY NP TR/ SSPY IPIL TTY-
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m' [GeV] m! [GeV] m' [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-061/

ATLAS:CERN-PH-EP-2016-061

SearCh for HIA - Resuus CMS: J. High Energy Phys. 11 (2015) 071

» 7T decay shows a good sensitivity wrt to the bb channel

» Exclusion limits for 13TeV are already competitive with the run-1 limits

CMS bb decay CMS pp decay hMSSM

: Observed exclusion 95% CL

R imj 4 -1
%GOMSPreIImIna 55.1 (7TeV)+ (SV) %80_!!!!IllllllllllllllIlllIIllllIlllllllllllllllllll_
g% hMssM 7 | @ [ ATLAS Preliminary, \s=13 TeV, 3.2 fb” .

| 70[-hMSSM scenario .

30 - H/A — 11, 95% CL limits .
20} 60 7 —e— Observed
87777, bbb Expected
1o
SlY o
1] ottt - o s S ot e A §§ == ATLAS Run-l (Obs.)
40 ..§ s ATLAS Run-l, SM Higgs
3 boson couplings (Obs.)

(arXiv:1510.01181)
| H - hh (bbyy) (HIG-13-032)

6 % Expected exclusion 95% CL -
° 0374 Model not tict appicabl 30 -
4} [ ] h(125) (HIG-15-002) .
3 | AH - bb (arXiv:1506.08329) 20 / _:

A/H/ - uy (arXiv:1508.01437) : -
2 ] whﬁﬁé?ﬁ'l gﬁg(}m) 1 N 4// -

: ,A//db.. llIllllllllllllll-’illllllllljlllllllll‘
LR T 200 300 400 500 600 700 800 900 1000 1100 1200
130 200 300 400 500 600 1000

m, [GeV] ATLAS 7T decay my [GeV.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-061/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-017/index.html

BOSONIC DECAYS
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Bosonic Decay

Search for H—VV- Results s
i . . . See Higgs Exoti.c talk
» Run1 DiBoson searches are interesting to give complementary infos to

low/int region in tan B in the mass range 2my 2m;
» Run2 projections show a limited improvement of the covered phase
space.

» Other channels and h125 couplings will cover a larger PS including the
one covered by DiBoson

60

60

50 50
40 hMSSM 10 AH -1t
30 LHC 7,8 TeV 30
25 fb hMSSM .Hi%tv
20 20 LHC 14 TeV
300 b~

10 10

tanp
tanp

[ JAH—1
I H -tV
I H - WW
[JH—Z2Z
[]A—zh
[ H —hh 2

W b~ OO
W ~ OO

A\

300 400 500 600 700 1000 300 400 500 600 700 1000
M, (GeV) M, (GeV)

» Di Boson are a good probe for Singlet (+Doublet) Models
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Search for H— VV- Results

» Minimal extension of the Higgs sector obtained by adding an electroweak
singlet to the “SM doublet”

» Two observable states: h1 and h2

» No hypothesis made on the origin of the singlet

Jh1VV.meas / JhoVV.meas 2 9
C: 1 C L Jlg meas C _I_C — 1
JhVV.SM Gho V'V, SM
N CMS Freliminary upto 5.1 b (7 TeV) + up to 19.7 fb” (8 TeV)
> No depende.nce on th.e Higgs o F —Obs., By, =0.0 - EXP., Bey = 0.0 ' i
masses!implies rescaling of the 0.6— —828-, gnew = g-g ---EXP-, gnew = 8-§ A
. . - —Obs., Bey = 0.5 ---EXp., Bpey =0. -
SM cross section and width for | e TP Tnew =S - -
h2 wrt SM ARY "= T'gp (Bpew = 0.5) LA
W o ‘.: 'o' '0' 'a' -
L . 0.4H [F %2\ S
» Grey line indirect limit by SM ]

signal strength (mu)

> Bnewto account for new decay 0.2 F: B -

mode for hy (H) LAV 7

| [ MA/ b Nom\ |

» For example h2 -> h1h1 (Di - y
Higgs Searches) 0 200 300 400 500 600 700 1000

m,, [GeV
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ATLAS: Phys. Rev. D 92, 092004 (2015)

Search for H—hh - Run1 Results CMS: Twiki

» H—=hh could arise in many models and can be use to search for BSM

» Many final states covered during Run’

ATLAS CMS
Run1 Results Combination: Run1 Results Superposition
2b2y, 2b2T, 4b e 2y2W » Results for my> 1TeV
17.9-19.7 1b" (8 TeV)
= 10— e TS o) = : ' L R B B B T -
Q E P = = - CMS ———————  ybb (arXiv:1603.06896)
= - ATLAS \s=8TeV,20.3fb - T 105 b e s B~ bbb low mass (PLB 749 (2015) 560)
< i o= OBSOIYEd e bbre XD | T = and narrow width for X == bbbb high mass (arXiv:1602.08762)
T 10 " -el . P = T - e 77D lOw Mass (PLB 755 (2016) 217)
e S B Expected = ---- WWyy exp S o N e 770D Mid. Mass (CMS-PAS-HIG-15-013)
% C s 107 P e 71bD high mass (CMS-PAS-EXO-15-008)
X 0 m)( = 3 =i=mmm= radion Ag=1TeV
T 1 ! mimimimimimt radion Ag=3TeV
T - ;:r:.103 = - R
8 | g Ef
— - - b - : .....
° 10-1 = = < 2 : ‘2 -
2 3 C10° &
- . = = | WED: gg— X, KI=35
L - g [ i no radion/H mixing
- R
102k = O 10
:l 1 1 l L 1 1.1 l L 41 1 1 l 1 1 1 1 l L1 1.1 l L 1 1.1 l 1.4 1 1 l 1 1 1 1 l l: o\o E";
300 400 500 600 700 800 900 1000 8 ' ! :

my, [GeV]
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092004
https://twiki.cern.ch/twiki/bin/viewauth/CMSPublic/SummaryResultsHIG

Search for H-hh-bbrr

CMS: CMS-PAS-HIG-16-013

Mass range form 260 GeV to 900 GeV

Search for three channel:
» ThadTwus ThadTe @Nd ThadThad
» Exactly two OS objects
» 2 b-tagged jets

» Final mass variable mH constructed using a

kinematic fit.

2.7 (13 TeV)
;I 102 =_CMS bb uTh ® I?ata
8 = preliminary channel [ ti
~ N QCD
. 10 [ Drell-Yan
= = I Other bkg.
-_%EI - W\ bkg. uncertainty
S | —— m, =450 GeV
zZ —— m, =300 GeV
© 1 0_1 o(pp— H) x BR (H— hh) = 10 pb
10°%
107°
107

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

2.7 (13 TeV)

10E

107'E

95% CL limit on 6(pp — H) x BR (H — hh — bb1r) [pb]

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

- Expected CLs
- Expected *+ 1o
Expected + 20

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

10° 300 400 500 600 700 800 900
m, [GeV]
2.7t (13 TeV) . 2.7t (13 TeV)
S — 10°E
2 102ECMS e ¢ data > TFCMS i e da
o E preliminary o tt 3 - preliminary ==
— - QcD - 10 — Srcéllzl) Yan
A | 1 Drell-Yan A 3 -
= 10 g I other bkg. = - [ other bkg.
c - N . = i N\ bkg uncertainty
£ r - AN bkg. uncertainty S T —— m, =800 GeV
= 1 —— m, =800 GeV e 1 —_— mH =450 GeV
o 2 —— m, =450 GeV ®) s —— m, =300 GeV
P — m, =300 GeV E B c(pp—> H)-BR (H—> hh) = 10 pb
© 10 o(pp— H)-BR (H— hh) = 10 pb T 10k
1072 102
107 107°
107

300 400 500 600 700 800 900 1000
klnflt [GeV]
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http://cds.cern.ch/record/2139315?ln=en

Search for H—vhh—>bbWW CMS: CMS-PAS-HIG-16-011

Mass range form 260 GeV to 900 GeV

8 v 4 ~4 CMS Preliminary 2.30 fb' (13 TeV)
6 :.91 O - T T | 1T 171 | [ : [ | T | T | T | 1T 171 | I E
- - | —e—— Observed 95% upper limit 7
H i — : --------------- Expected 95% upper limit ]
- v Ig B | Expected limit £ 1 std. deviation |
-— - = @: / T B | Expected limit + 2 std. deviations i
X \\ I — | ]
H w % 3 : ------- radion (Ag=1.0 TeV, kL=35)
b m — | —
% 1 O - | 2HDM, tanB=0.10, cos(B-c)=0.10 -
g B :I__'\ B : _______ m,,=0 GeV, mh=125 GeV, m, =m=m_ 7]
T f B -
T L .~ " > : ——————— —]
Signal extraction: >; i S |
: : i e

» Four different regions: 810° AN B
o - r '\\ : -------------------------------------- 7
» High-BDT-score, Low-BDT- 5 | -
score E T T ]
_ i : s l
» 95 GeV < m;jj < 135 GeV, O 5 ' ! R i

N W | BT

mj; <95 GeV && mj; > 135 & | i'\‘ | | | | T ™ |
| | I 1 | | 1V | 11 1 | | I 1 I | | I 1 il S | |
GeV. 200 300 400 500 o600 700 800 900

spln O(GeV)
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http://cds.cern.ch/record/2141743?ln=en

ATLAS: ATLAS-CONF-2016-017

SearCh for H—»hh —»bbbb CMS: CMS-PAS-HIG-16-002
Search strategy: Mass range form 260 GeV to 3000 GeV

* two main kinematic regions:

* low-mass region (LMR) from 260 GeV to 400 GeV ( [my — 115 GeV| < 34 GeV for each
candidate Higgs boson)

* medium mass region (MMR) from 400 GeV to 1200 GeV (AR between the jets within
the dijet system is smaller than 1.5.)

* Boosted region above 1200 GeV

" 4 b-tagged jets o (M —115 GeV\2  [myp — 115 GeV') 2 s - 124GeV)'  (my™ - 115GeVY’
* bb pai ing: = c * o Xin = Jad subl
pairs done using: H H 0.1 mie 0.1m$)

* Signal Region for x<1 (1.6)

2317 (13 TeV)

—~10°F

g E CMS E t d U L- .t 3 104 El LJ L] 1 I L] L) ) LJ l L] 1 L\ Ll '=
~ [ 7% e xpected Upper Limi e = P -
‘g - Preliminary [ Expectedt 1o : - ?—;’;g?e':vegrgl%ary —— Observed Limit (95% CL) -
T | Expected + 2 B - T IEREET e Expected Limit (95% CL) -

104 — —e— Observed Upper Limit |§
‘310 = KK-Graviton, kL=35, k/M_=0.1 1 03 E_ Resolved | Boosted - ExPeCted tlo —E
% 1T = Expected +2¢ -
X - K :

o N
D 1001 10°E <
<10 T = =
T L - -
g 0 - .
° 2 Q. 10 B —
107" Q - &
© - Z

— I L L L l | 1 1 I l A L L 1 l 1 1 L L l L A 1 1
I E I B B B 1500 1000 1500 2000 2500 3000

200 400 600 800 1000 1200 i
m, (GeV) my, [GeV]

C.CAPUTO - P. FRANCAVILLA PP@LHC- PISA - 17-05-2016



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-017/
http://cds.cern.ch/record/2141024?ln=en

ATLAS: ATLAS-CONF-2016-004

Search for H—hh—-bbyy

Mass range form 275 GeV to 400 GeV ‘é 9%F ATLAS Simulation Preliminary J?Z?issg%v‘
— X = e
Event Selection “g 05| — :::gg:x ‘
o o ‘3 . M= G
» 2y within 105 < myy < 160 GeV g | — mFgG:x |
> 2 central jets within 95 < mjj < 135 GeV Solid lines indicate mn
constraint applied to my

v

2 (0) b-tag as SR (CR) at 85% efficiency bb 4-momenta scaled by
mh/mbb

Imyy - mh| < 2o(myy)

v Vv

Mbbyy within window of 95% signal efficiency

3 24 :l ] L] I L 1] 1 I 1] 1 ] l L I 1] l Ll 1] 1 l L L] 1 I L] 1 L l l:

% oo~ ATLAS Preliminary —— Obs. limit = Mesyy [GeV]

< - _ L - T —
; 20F \s=13TeV,3.2tb Exp. limit = g E ATLAS Prekminary | T Di-Higgs ]
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ATLAS:CERN-PH-EP-2016-056

Search for H* - 1v CMS: JHEP 11 (2015) 018

» H* dominantly produced in association with a top quark.

» H*—=T1Vv decay channel represents a clean signature and substantial
R(~10%) in several MSSM benchmarks.

final discriminant variable

) HT
: / 9 > b
T mss ,
/ my = \/ 2prET — COS Adr, s .ic.miss)
/ A
« 2 S H*
> 105 4 1 L] L) l L 1 1 A T L] L] L]
A 8 ATLAS @ Diboson [ 1t & single-top
10 . I Z+jets I MisiDj - <
; ; « ¢ e . \s=13TeV,3.210" g misioen - «---- H - v 200 Gev (x5)
9 ~10 [ wsjets e HY = Tv 1000 GeV (x10

e Data

gb — [1] [HT] = [qgb] [Tryy_is + V7]
gg — [1b] [H*] = [(qgb)b] [Thq_vis + V7]
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-11/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-023/index.html

ATLAS:CERN-PH-EP-2015-290

Search for Hi*th CMS: JHEP 11 (2015) 018

» Predicted in models with extended Higgs Sector:
» H* dominantly produced in association with a top quark.
» H*—tb is a dominant decay mode for heavy H*.

» Coupling with quark cover low/high tanf3

19.7 fb' (8 TeV)
3 1 l T I g9 08 [ L O L D I Ty [ | [ BB I . Z0 [ I ] LB I L I L )
Q CMS pp — t(b)H', H" > tb
D [Ty, U U IR RN RN = 10 I+jets, pt , Il final states il
2 ¥ ATLAS w— Observed limit (CLs) y I E Assuming B(H'— tb) = 1 ;
) - \T;g Le(vb )20.3 b .. Expected limit (CLs) g e Observed ]
T = gb—tH'(t = L —— y
t N B : v - S e fiss Expected median * 1o i
€ - = L e Expected median +2c
(an) - Exp. limit with injected signal - E
= L ' m,=300GeV, oxBR=1.65pb _ = |
r | —
,é Ll S E Cg 1 =
s F T : o~ ]
b - T i m :
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http://arxiv.org/abs/1512.03704
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-023/index.html

Search for Hi — Results ATLAS:CERN-PH-EP-2016-056

» Run1 H*=71v and H*—=Tb combination able to exclude low and high tan b
region in mH* Vs tan B plane

» First Run2 result in H*—=71v already extend the Run1 excluded region
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-11/

_ Higgs Triplets: Search for H=* CIS-PAS-HIG-14-039

++

» Models that introduce a triplet predict a new pair of bosons:

» Model that attempt to expand the SM and accommodate neutrino masses

o+ , Associated o
(i q . (i
Production
[” (D:t:t ,,L eli
- + s
& r 6 b r i
& 9 vi
19.7 fo'' (8 TeV) Benchmark Point ee ey er up utvr 1T
""" BP1 0 0.01 0.01 030 0.38 0.30
100% “—) _—
viee ., ,,C,MS BP2 12 0 0 1/8 1/4 1/8
100% &% ey reliminary BP3 1/3 0 0 1/3 0 1/3
100% #5—s g i BP4 1/6 1/6 1/6 1/6 1/6 1/6
100% ™ et =i AP [GeV ] PP [GeV ] .
O R Benchmark Y, A Al 30+dl Combined [ GeV |
il o + Pair Producson 1
100% ee 517 480 507 550 608
Benchmark 1 | LTI 100% ep 521 494 514 569 616
100% up 526 496 530 576 621
Benchmark 2 =1 100% et 312 342 251 353 368
Senchmark 3 i 100% pt 316 348 264 381 415
BP1 430 428 351 456 505
Benchmark 4 . BP2 482 474 433 513 558
100 200 300 400 500 600 700 800 900 1000 ggf; jzz jzg jg;‘, ;l)g ggg
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What if light Scalars?




Search for h(125)-2a

CMS: CMS-PAS-HIG-15-011

» In a 2ZHDM+S model (NMSSM), there

are 2 singlet states:

» CP-odd scalar a

» CP-evens

» BR(h—=BSM) < 0.34, so the decay to 2a

can be sizeable.

» 8TeV analysis:
» h—=2a—2b2u (CMS-PAS-HIG-14-041)

19.7 fb' (8 TeV)
L} Ulll \J A} L | | )
E

—a
o
[~

\

|
\

h—aa searches
s h—@a—-uprtr, HIG-15-011

10°

x B(h— aa) x B(a— pp)°
S

2HDM+S

8 e s@@-1711T, HIG-14-019
Cl) e h—aa—rrrr, HIG-14-022
o 107 . M—@@ -, HIG-13-010
o~
Q g a2l 1 2 2 aaaaal
Ty
» 1 10
m, (GeV)

I(a— upu) _ mf‘\/l — (2my/mg)?
[(@a—=717t)  m2\/1—-(2m/ms)?

» h—2a—4u (CMS:Phys. Lett. B 752 (2016) 221)

» h—=2a—=2p2T1 (CMS-PAS-HIG-15-011, ATLAS:Phys. Rev. D92 (2015) 052002)
» h—2a—471 (CMS-PAS-HIG-14-022, CMS:JHEP 01 (2016) 079)
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Search for h/H-2a-yyyy

» In a 2HDM+S model
(NMSSM), there are 2
singlet states:

» CP-odd scalar a

» CP-evens

Observed (expected) 95% C.L. upper limits

my; [GeV] mg [GeV]
oy X BR(H = aa) X BR(a = yy)? [fb)
20 50 100 140
300 48(60*13) 33(40+) 29(359) 28(34:F)
50 100 200 290
600 31(384%) 27(344]) 25(31%) 25(31’ )
50 100 200
900 36 (44*l) 27(33+7) 26(3317) 26 (32:;)
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ATLAS: :CERN-PH-EP-2015-187

! N L 3 I L2 . L L 2 ] L . LS L 2 ] L4 L 2 v L 4 ‘[ v L 2 . T ]'-
® | —Observed local p-value ATLAS

a e 20 h— aa— 4y

-§ L m, =125GeV
8 .

102 (s=8TeV,203M" .
m,, resonance search with
m,-dependent width )

o3 %o

10 20 30 40 50 60

m, [GeV]

. -
§ [ —Observedlocal p-value ATLAS -
b4 b H— aa — 4y N
§ m,, = 600 GeV E

107}

102}
{i-nov 203fb' 1ag
B 8
m,-dependent width §
10‘ A[AjllLAAlllAlllAlAAllLAlllLAlAAllAAllLAAlAAAl
20 40 60 80 100 120 140 160 180 200 220 240
m, [GeV]

% LA ]’ LA LA ]’ T ¥ ¥ ] LA § L ] T % T LS '
? 10| — Observed upper limit ATLAS
© - Expected upper limit h - aa— 4y
& 5 oo m, =125 GeV
P-4
b Vs =8 TeV, 20.3 fb"
£ 102 95% C.L. upper limits
g m,, resonance search
T s m,-dependent width
ol e
o

gy
o
“

= 1
g — Observed upper limit ATLAS
= - Expected upper limit H — aa - 4y
¥ B 10

C+20 "y =000 Gov
& 10" ,
& s =8TeV, 203 fb
3 95% C.L. upper limits
; m,, resonance search
510" m,-dependent width
&

Py
o
—

10°50"40 60 80 100120 140 160 180 200 220 240

m, [GeV]

PP@LHC- PISA - 17-05-2016




C.CAPUTO - P. FRANCAVILLA PP@LHC- PISA - 17-05-2016




Summary

» Discover of a 125 GeV starting point for Higgs BSM searches
» No evidence of BSM in Run1 searches for extended Higgs sector

» Direct searches and constraint from h425 couplings already
exclude a part of matanf space

» Run2 Searches in good shape

» Results with 2015 Dataset already competitive, in some cases,
with Run1 results

» 2016 will be an exiting year for BSM Searches!!
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PROJECTIONS 1502.05653
14 TeV - 300 fb-1

Run 1

' I[~d ‘-I-’
: \ £ ~

8 85238

-

8 8888

-

N W s 0N O

300 400 500 600 700 1000

M, (GeV)

A/H->1T will cover alone good part of the

" o phase space
Run1 searches already

covering the majority of the
phase space for mA<2mtop
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PROJECTIONS 1502.05653
14 TeV - 300 fb-1

Run 1 : 0l EBITEY hwssw
: v, . | SeE U
40 nviog 20 N
30 _HC 7,8 Te! 104
% : %, $id
6 LIE Y
5 o
10 ; ad
g z [COAH- ) 2 &
5 W H -1y
4 B H->wWww ‘
3 DH_’H ! 00 B 300 400 500 600 700 1000 BT &0 D0 250 0C 50
[CJA-2Zh M, (GeV) M, (GeV)
2 .
s A/H->TT will cover alone good part of the
! 400 500 600700 1000
W ' phase space

Run1 searches already
covering the majority of the
phase space for mA<2mtop
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PROJECTIONS 1502.05653
14 TeV - 300 fb-1

Run 1 % ST hMSSM
60 2 a0 N ] A-2n LHC 14 TeV
o0 hMSSM o = o
30 - LHC 7,8 TeV
- zsb-‘l g1()
o :
g g [CJAH- 1t 2
- B H -ty
4 B H-wwW 1
3 8:-_:225 200 M:ig.v) 400 S00 600 700 1000 M, (GeV)
2 M-t A/H->TT will cover alone good part of the
1 \A. ~ r - r .
1 200 mf?cg.w 400 500 600 700 1000 phase Space

Run1 searches already
covering the majority of the
phase space for mA<2mtop
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A/H->TTBAR?

1504.04630v1

» The ATLAS and CMS performed searches for Spin1 heavy states decaying into tt

pairs

* More complicated Higgs situation: Interference with QCD tt production.

4, .
pp-H-tt

~3 s =14 TeV
?
[ R O | QCD background
g, my; = 400 GeV
£ my = 500 GeV
2 my = 600 GeV
)
©1

400 500 600 1000

700 800 900
My

» Any chance?

o o
g 2

Normalized distribution
2 8

-

14 TeV LHC, ft resonance smearing

= 350 GeV
= 400 GeV
= 500 GeV
= 600 GeV
= 700 GeV
= 800 GeV |

= 900 GeV | ]
= 1000 GeV ]

33333333

1000 1200 1400 1600 1800

m, (GeV)

» Other production mechanisms?

¥ttt (mH=700 GeV, tanB=1 -> 5 fb)?
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X(750 GEV) IN NMSSM 1602.07691v2

1002.00949
Spjﬂo ,ﬁ, neutral spin 0 in NMSSM:
3 CPeven h1,h2,h3,2CPoddAa
a,
> v ¥
g — ¢ .“5pin0 - CP odd
N

AR=2ma/pT -> ma<0.1-10 GeV

» Can we (ATLAS/CMS) distinguish them from single photons?
* Run1 ATLAS H->aa->vyyyy:

» Limits for 10<ma<440 GeV, mH<900 GeV
» Other channels?

» X(750)->aa->4u?

r a->2e?
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SearCh for HIA_;hb_ Results CMS: J. High Energy Phys. 11 (2015) 071

» Expected and observed upper limits at 95% CL for the MSSM parameter

tanP Vs ma in the mp™®,m,m°d* mymed- light-stop, and light-stau
benchmark scenarios with py=p=+200 GeV

rnhmod+

mhmax

CMS, 19.7b' (8 TeV) + 4.9 b (7 TeV) CMS, 19.7 fo' (8 TeV) + 4.9 fb' (7 TeV) CMS, 19.71b' (8 TeV) + 4.9 b (7 TeV)

TS | 3 BEASE EASSE & 3 TTYYTTT Q. =
: m™ scenario \\\ § m{%* scenario § m™* scenario
. B = 4200 GeV n = +200 GeV p = 4200 GeV
: m, ¢ 1253 GeV m, 4 # 125+3 GeV m, . # 125:3 GeV
95% CL limit 95% CL limit 95% CL limit
B +10 expected
+20 expected
~— Observed
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-017/index.html

MSSM: Search for H/A-bb CMS: J. High Energy Phys. 11 (2015) 071

» Expected and observed upper limits at 95% CL for the MSSM parameter
tanf Vs ma in the mp™®,m,m°d*, mymed-, light-stop, and light-stau

benchmark scenarios with py=p=+200 GeV

light-stop

CMS, 19.7 b (8 TeV) + 4.9 fb' (7 TeV) CMS, 19.7 b (8 TeV) + 4.9 fb' (7 TeV)
«. 60 e~ 60 _—
C - C
£ W a Light-T scenario
) p = +200 GeV
50 . 50 m,  # 125+3 GeV
40 - 40F
30 - 30f
20 N 95% CL limit 1 20 95% CL limit
SN e Expected 1 BT e Expected
Light-t scenario I +10 expected | - I +10 expected
10 1 = +200 GeV . +26 expected | . 10 +2¢ expected
. my,# 12543 GeV == Observed ) == Observed
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
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Search for

H/A - Results

CMS: J. High Energy Phys. 11 (2015) 071
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- ATLAS Prelumunary. \s=13 TeV, 3.2 fb"
—~MSSM m™ scenario, M, oy = 1TeV
H/A — tt, 95% CL limits
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-017/index.html

ATLAS: ATLAS-CONF-2016-012

SearCh for H—»ZZ—»“VV CMS: CMS-PAS-HIG-16-001

Searching for an additional scalar boson, as predicted in EWS/2HDM.

The search is for a narrow resonance of mH = 300-1000 GeV (ATLAS) or 200-1500

GeV (CMS)
Background

» search is for2 leptons (e or p) and high
E. miss » ZZ/WZ: From simulation,WZ scaled

using data-driven methods (ATLAS)
» Others: Predicted using data-driven

» Final Discriminant:

2 .
M3 = (\/ pr(€€)* + M(££)* + / Emiss® 4 M%) — (Pr(€€) + Emiss)?

methods.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-012/
http://cds.cern.ch/record/2140099?ln=en

Search for H-ZZ-llvv

ATLAS: ATLAS-CONF-2016-012
CMS: CMS-PAS-HIG-16-001

ATLAS Selections

» 2 same flavor, opposite sign charge leptons
¥ 76<m; <106 GeV and Er™ss >120 GeV

» ARy < 1.8 and Ap(Z, Ef™'ss) > 2.7

* Fractional prdifference > 0.4

» Ac(jet (pr > 100 GeV), Er™'ss) > 0.4

» Zpt/M1 < 0.7 and no b-jet

ATLAS Prelimmary -o- Data e ggr H (300 GoV)
‘ - ggF H (600 GeV) - . ggF H (1000 GeV) =
1s = 13TeV, 3.2 b’ ) Z(ee/u)sjets

ZZ
H-ZZ Iy — e

[ Z(zt)+jots
[ Triboson

Events / 50 GeV

38 -‘—b—h—h—b—‘—l-h—&
ML O RVLAUIUII

. 1.8
g 14 ' . | i %
; 1.21 V/ «»mrt /7 / /// / /
e 08 . /// / , /// //,W / // 3
T 0.4 i i _
O0.2.,..“: PP W e f
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CMS Selections

» 2 same flavor, opposite sign charge leptons

¥ Er™ss > 125 GeV and Agp(nearest jet, Et™ss) > 0.5
* No b-tagged jets

Signal Regions

* VBF: = 2 jets with |An| > 4 and m > 500 GeV

» =1 jets: at least 1 jet, fails VBF

» =0jets: No jets.

uu =0jets -

Entries

10}

—1 )
10 500 400 600 800 1000 1200

Transverse mass [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-012/
http://cds.cern.ch/record/2140099?ln=en

ATLAS: ATLAS-CONF-2015-059

SearCh for H—»ZZ—»M CMS: CMS-PAS-HIG-15-004

The 4l final state gives a clean signature with low background, predicted in EWS
and 2HDM.

The search is for a resonance of mH = 140 (200)-1000 GeV for CMS (ATLAS).

Selections are the one used in h(125) 4| search.

102_]]lllillllllllIIIIIIIlll]lllllllll'l]ll: 02 CMSPre/Imlnary . . . 28fb'(13TeV)
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- — Observed -
| 13 TeV, 321" B+ -
S »ZZ - 4 +20 1

—_
o

l lllllll

o (gg— X— ZZ— 4L) (fb)

1

A

] IIV[I]

95% Limit on 6 x BR(S—ZZ—41)[fb]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/
http://cds.cern.ch/record/2139978?ln=en

ATLAS: ATLAS-CONF-2016-012

SearCh for H—»ZZ—>“VV CMS: CMS-PAS-HIG-16-001

Searching for an additional scalar boson, as predicted in EWS/2HDM.

The search is for a narrow resonance of mH = 300-1000 GeV (ATLAS) or 200-1500

GeV (CMS)
Background

» search is for2 leptons (e or p) and high
E. miss » ZZ/WZ: From simulation,WZ scaled

using data-driven methods (ATLAS)
» Others: Predicted using data-driven

» Final Discriminant:

2 .
M} = (Vr(e0? + M(E0 + VER=? + M3 ) = (r(e0) + B

methods.
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Search for H—ZZ-lqq

Merged Analysis

» 2 same flavor leptons

* 1 large-R jet (pT > 200 GeV) consistent with Z decay
» pr(ll) > 0.3 my

Resolved Analysis

» 2 same flavor leptons

» 2 Small-R jets consistent with Z decay

» Jlpr2() + pr(jj))/my; > 0.5

» Two categories: 2 and <2 b-tagged jets

>103"""""""l"vv'v-..
é ATLAS Prelimina 4+ Data
8 Vs=13TeV, 3.2 ' [0 NWA H (750 GeV)
[ —

’02 X » (1 — z'.'”ts
3 Mer;ezdzsn 9 3 SM Diboson

[ Top Quarks
10’

vz StatpSyst. Uncert.
=== Pre-fit background
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Search for H_>WW ATLAS: ATLAS-CONF-2016-021

H = WW - lvlv analysis 3 1C°F T e
(2 ATLAS Preliminary 224 SM (sys @ stal)
» The zero- and one-jet sensitive to gluon-gluon fusion 2 102k s=13Tev, 321" ) Wajets
o H— WW - IvJ, SR ) Top
(9gF) S 4o -
) . . Zy
> two jet category used for vector boson fusion (VBF) | 3 HINWA, 700 GeV]
> Different-flavour lepton pairs are considered. o
» Discriminating variable: transverse mass (mr) 02
— 144 miss 144 miss 107
my = \J(EE + ER)2 - |pét + EISSP, T
10 DONENN
> | - . Z —t
S | ATLAS Preliminary = suiposmn £ s ++_ B . -
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o 10F . Y E
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| » qq final state is reconstructed as one single
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ATLAS: ATLAS-CONF-2016-021

Search for H—vv - Resutts

10 CMS Pre//mlnary 2.8 b7 (13 TeV)
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Search for H-VV - Results CMS: CMS-PAS-HIG-15-004

H—ZZ—4l Results have also been interpreted Type-l and Type-Il (Backup) 2HDM

- 2.8 fo” (13 TeV) CMS Preliminary <5.1 0" (7 TeV) + <19.7 b (8 TeV)
= CMS SHDM Type |, cos(B-0)=0.1 2HDM Type |, cos(B-0)=0.1, m_=m,; = m,,+ 100 GeV
= Preliminary My =M, =my+100GeV |« 197 ]
18 IS SSSSRN SO S ... — — 1 8 8t N Observed exclusion 95% CL -
o ] R e e o N 7r s Expected exclusion 95% CL q
g I S R — Obs. 95% CL limit ) 6 H—> WW/ZZ (arXiv:1504.00936) |
[ B . . i 5F | | AMH/h— tt (HIG-14-029) R
O [ Exp. 95% CL limit 7 al [ ] A-ZHoslie (arXiv:1603.02991) |
e %;;;;;; H>7Z 4] (HIG-15-004) | | [ ] A-ZH-libb (arXiv:1603.02891)
’ 3+ Non-perturbative region d
3 Non-perturbative region
M e e ] 2 p
200 WO DO W 7 OO 772 VOO N ] 1
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ATLAS: ATLAS-CONF-2016-012

SearCh for H—»ZZ—»“VV CMS: CMS-PAS-HIG-16-001
ATLAS 95% CL Limit on the Gluon CMS 95% CL Limit on the VBF
Fusion production cross section production cross section

PPN 231" (13 TeV)
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Search for H—ZZ-lqq

ATLAS: ATLAS-CONF-2016-016

Observed and expected 95% CL upper limits on the production cross section,
combining the merged and resolved analyses.
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Search for H_>WW ATLAS: ATLAS-CONF-2016-021

Observed and expected 95% CL upper limits on the production cross section,
combining lvlv and lvqq.
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Search for H-VV - Results CMS: CMS-PAS-HIG-15-004

H—ZZ -4l Results have also been interpreted Type-ll 2HDM

2.8 fb" (13 TeV) o
cal CMS Preliminary <5.11fb"(7 TeV) +<19.7 fb™' (8 TeV)
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Search for H—-ZA, Z-lland A-hb

Motivated by 2HDM with twisted custodial
symmetry, which gives a heavier scalar H and a
lighter pseudoscalar A boson.

Analysis Strategy

» Asignal region (S) is defined for each mA-mH
hypothesis in the plane of mpp-mjpp

» The final limit is calculated from the single bin of S.

Limits for three my hypotheses, as a function of ma.
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Search for A_>Zh h_,bb ATLAS: ATLAS-CONF-2016-015

Searching for an additional pseudoscalar boson, as predicted in 2HDM.

The search is for a narrow resonance of mH = 200-2000 GeV.

v

Targeting A= Zh—vvbb/llIbb

> g5 T T T T e T
. G  F ATLAS Preliminary = A Zh (0=113b) -
» Makes use of categories: S o \s=13TeV JLat=321b" _§ﬁ,=:;°3,,69" E
g ~ 0Olep., = 1large-R jets, 1 tag .
’ O/2-|eptons L — 500 GeV <p’ =§:?t|lg.?c‘:cc,bl) _
c 25._ L Wee —
. . o - < Z+(bl,cl Z
» pt? < or > 500 GeV (defining the o [ eeevEmy, <1asGel =mbboce) -
reSOIVed/ T 20':— g:'::iltubiangground—:
» boosted transition) = \ 3
} 1/2 b_tagged jets 10':_ ‘....I...........I......‘ —:
» Final discriminant: .
S =
» 2- lepton invariant my, for .
» O-lepton: G A5F T T T T
zh _ [iph , pmissy2 _ (zh , gmissy2 a R R
m% (El + ERiss)2 — (ph + Emiss) S B :
©® 05B L . o o 0y by by e b b Ly
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Search for A_>Zh h_,bh ATLAS: ATLAS-CONF-2016-015
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10 — _____ Expected (CLs) —:- 10 r- ATLAS Prellmmarx ~e- Observed (CLs) —:
- \- 13TeV, |Ldt=32M" -+; . ; u-mnv,_[un-azm °°°°° Expected (CLs) .
= LJ t - -

\ A->Zh-» Zbb — - Z-»vv expected (CLs)_ A-h-» 20 0 )
- Z-» Il expected (CLs) + 20

A L1111
LAl 1 llllll

e
<
-
e
<
.

I llllui

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

o] IPETES IPTPATS AP AN I AT AT A e
0.500 400 600 800 1000 1200 1400 1600 1800 2000 10-200 400 600 800 1000 1200 1400 1600 1800 2000

m, [GeV] m, [GeV]

(a) Pure gluon fusion production (b) Pure b-quark associated production

Limits on ggF and b-associated production from simultaneous binned-
likelihood fit for signal and control regions.
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Search for H_>WW ATLAS: ATLAS-CONF-2016-021

H - WW — lvlv analysis

* The zero- and one-jet sensitive to gluon-gluon fusion (ggF)
> two jet category used for vector boson fusion (VBF)

» Different-flavour lepton pairs are considered.
. L . . — 144 miss\2 _ |nff miss |2
> Discriminating variable: transverse mass (my) T = \/(ET + Er™)° - Ipp + ET 1%

mhead

Preselection cuts: lepton different flavor, opposite charge, p7** > 25GeV, p3""'**! > 15GeV, third lepton veto, py < 15GeV

SR WW CR Top CR
Niw=0 Nj=1  Njex 2> Niu=0 Nia=1 |Ne=1 Njee 22
A < 1.8 < 1.8 < 1.8 > 1.8 > 1.8
Ni.jet =0 = =0 = ] =1
pied >120GeV > 120GeV > 120GeV | > 30GeV > 30GeV
phublead >40GeV  >40GeV | >30GeV > 30GeV
P >40GeV > 40GeV >20GeV > 20GeV
Mg > 100GeV > 100GeV > 150GeV | > 100GeV > 100GeV | > 100GeV > 150 GeV
mJ-J- > 650 GoV
Ay > 4.25
one lepton with pp > 25 GeV
one large-R jet with pr > 200 GeV, |n| < 2.0
Ef= > 100 GeV
. . _ pr(fv) > 200 GeV
H->WW - quq analySIS Presclection pr(J)/me,5 > 0.4

pr(tv)/me,g > 04
W jet substructure

* qq final state is reconstructed as one single

Iarge jet ("J") SR W mass cut: 70.2 < mwy < 96.2 GeV
. .. . . . . no b-tagged jets in small-R jets
» Discriminating variable: invariant mass, my,, T e ———

Wjets CR no b-tagged jets

W mass cut
> 1 b-tagged small-R jet () with AR(.J, j,) > 1.0

Top CR
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SearCh for HIA_; bb CMS: J. High Energy Phys. 11 (2015) 071

» ¢ produced in association with at least one b quark and decay to bb

» final states characterised by at least three b-tagged jets
» Events selected by specialised triggers that identify b jets already at the online level

> searches for a peak in the invariant mass distribution of the two b jets with the highest

pT values:
r 2 jets |r]| < 1.65, pT> 80 (70) GeV ZMSV,]‘ [GeV] B] B By + B,
" 0-1 0 P [0-1 2-3 4-6
> third jet |n| < 2.2, pr> 20 GeV 1-9 1 a0 1 3
> jet1 and jet2 |Anq| < 1.4 2-3 2 21 4 5
>3 3 316 7 8

» minimal pairwise separation of AR > 1

. . ° ° L) L — 103
» CSV discriminator and 2Msy; flavor-sensitive quantity § M
— () imi
CMS, 19.7 b (8 TeV) CMS, 19.7b' (8 TeV) ,g
> B +10 expected
8 e Data e Data g. +20 expected
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Scalar Resonance: Search for H-hh—-bbTT

ATLAS: Phys. Rev. D 92, 092004 (2015)

CMS: CMS-PAS-HIG-15-013

» 2 hadronic Thag and 2 jets
» 80<m. <140GeV and 80<m;; <170GeV

> mph calculated using a kinematic fit

» Backgrounds

> Multi-jet: Data-driven methods

» Z/Y" D ThadThad: Embedding of yu data events

» Others: Simulation
> Fit to three regions with 0, 1, or 2 b-tagged jets.
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Search for H-=hh—-bbhWW CMS: CMS-PAS-HIG-16-011

Mass range form 260 GeV to 900 GeV

Search strategy:
» dilepton triggers
» two oppositely charged leptons (e*e™, u*tu~, e*u¥)
» 2 b-tagged jets
» BDT: mj, AR”, ARjj, Acp||,jj,p'r”, ijj, min(ARjJ) and MT(”,MET)
» Two BDT trained for my<450 GeV and for my>450 GeV
> tt, Drell-Yann, single top production, SM Higgs as background

CMS Preliminary 2.30 fb' (13 TeV) CMS Preliminary 2.30 fb' (13 TeV)

N L L L L L N L B e L L
oS 140 |— pp + ee + pe + ey channels ¢ Data it - S L + ee + pe + ey channels ¢ Data it N
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http://cds.cern.ch/record/2141743?ln=en

Search for H=— v

> H* dominantly produced in association
with a top quark.

» H*—=1v decay channel represents a clean
signature and substantial BR (~10%) in
several MSSM benchmarks.

Event Selection

» Er™ss trigger

» 23 jets including =21 b-tagged jet
»1Tandnoeoryp

> Et™Miss > 150 GeV

» mt > 50 GeV

Backgrounds:

» Jet = 1 fakes (multi-jet: data-driven)

4 (tt, W+jets: from MC,

validated in CR)

> Events with lepton — 1 fakes (top, V+jets,
diboson: Shape from MC, norm. from data.
~5% of background.)

C.CAPUTO - P. FRANCAVILLA

ATLAS:CERN-PH-EP-2016-056
CMS: JHEP 11 (2015) 018
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-11/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-023/index.html

CMS-PAS-HIG-14-041

2HDM+3: Search for h(125)—-2a CMS-PAS-HIG-15-011

h—2a—2b2yu: h—2a—2b2r:
2 b-jets, 2, Ef™sssignificance < 6 5 finale states considered: ppuTeTe, MUTTe, MHThadTe,
| Mbbuu- 125 <25 GeV MMThadTp, MMThadThad
Fit the signal and background: | M- 125 [ <25 GeV
» Signal: Weighted sum of Voigt (Myy- Mer)/M,y, < 0.8
profile and Crystal ball | MViSee,i- 125 | > 15 GeV
* Background: Polynomial Fit of the signal ad background:
functions, fit to my, in data Irreducible backgrounds from MC, reducible from data-

driven methods

19.7 b (8TeV) 19.7 b (8 TeV) 19.7 fb"' (8 TeV)

340 %0.25.""|""|""|‘ 1 T T T T T T T T T | T
S MGooced:2s cms . | cms ey ] 2°ECMS Combined
9 5 .. Expected + 1o Preliminary @ [ Preiminay - f’:"e"“’d \ 180 |- Preliminary
=4 o s t xpec
3 4y~ Ovserved x 0201 combined )+ 26 Expected
o 25 1 B zz
ET, 5 0.16 [ Reducible bkg.
cix 20 X I weeeeee: Signal x 30
%\ | 30.10 | Bkg. uncertainty

: -
8, :
° 3

©0.05

()

a2

4

e
(=]
=]

m,, (GeV)

C.CAPUTO - P. FRANCAVILLA PP@LHC- PISA - 17-05-2016



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-14-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-15-011/index.html

