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You might have heard about the “Big discovery”!

4 July 2012:
Something IS there

However the Question was:

Is it REALLY you Sir?!
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And the beginning of a long journey ...

Does it behave as we
: : expect, Standard-Model-
L E H—=yy e : °
L As=TTeViL=511" | ! 4 I.:' ¥ ' Wlse?

5{;@,*,+~3 8TeV, L=53M" |

Events / 1.5 GeV
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_ Could it be e.g. of many
f=F i B Higgs's expected from

o 120 i L beyond Standard Model?
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And the beginning of a long journey ...

Does it behave as we
expect, Standard-Model-
) :$=?TEH.L=5.1 i \ Wise?

p ' It's VERY SM like!!
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And the beginning of a long journey ...

Still YES!
> G With uncertainties in
o [ &l :
0 [ eeriiesi B | measurements, still room
71500, s=eTevL=san’ _ )
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Where to look?

Measurements

Couplings — Differential

e Main modes: h—ZZ, WW, vy

1T, bb
* Lower rate: up, 2y, €e, ...
» Challenging (at LHC): ss,

gg
* Couplings: ggh, qqh, Vh,
tqh, bbh

cc,

tth,

Direct searches

e Additional H

1ggs bosons:

NMSSM, 2H

\Y

e FCNH:t—ch ...

 In decays of

new particles:

)N(:I:] 5(02 N Wi)N(OI h 5(0]

e Rare SM /1 decays: either
SM-forbidden or highly
SM-suppressed

e Di-/1 production: rare SM or
in decay of new states
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Direct searches

e Additional Higgs bosons:
NMSSM, 2HDM, i+, ...

e FCNH: t—ch ...
 [n decays of new particles:

YA WA,

e Rare SM /i decays: either
SM-forbidden or highly
SM-suppressed

e Di-/1 production: rare SM or
in decay of new states




e Focus on the latest results,
mainly 13 TeV

e Many Run I studies
e Need more data at 13 TeV
to be competitive
e Example: Higgs rare decays

e Check them all in ATLAS
and CMS public pages

Direct searches

 Additional H

1ggs bosons:

NMSSM, 2F

M, =, ...

e FCNH: t—ch ...

 In decays of

new particles:

VWA,
e Rare SM /i decays: either
SM-forbidden or highly
SM-suppressed
e Di-/1 production: rare SM or
in decay of new states



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG

DI-HIGGS PRODUCTION
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Di-h production

e Probing 3-4 coupling e X 1s spin-2 or 0
e SM suppressed « KK modes in RS
 BSM 1n couplings models, ...

h decay products

rd

Resolved ‘ Boosted
mX
~1.1-1.2TeV

A. Jafari, CP3 Seminar 10




Di-h production

Wide range of searches 1N X
with Run I collisions * .

17.9-19.7 b (8 TeV)

CMs ——  yybb (arXiv:1603.06896)

i:gﬁji;fgﬁ%ggs g~ bbbb low mass (PLB 749 (2015) 560)

and narrow width for X == bbbb high mass (arXiv:1602.08762)
ttbb low mass (PLB 755 (2016) 217)
ttbb mid. mass (CMS-PAS-HIG-15-013)
tbb high mass (CMS-PAS-EXO-15-008)

ATLAS Vs =8TeV, 20.3 b

—e— Observed
Expected
+ 1o expected —— bbyy exp

radion Ag=1TeV
radion A;=3TeV

+ 20 expected — — bbbb exp

— Observed
---. Expected

. WED:gg— X, ki=35]
I no radion/H mixing

95% CL limit on 6(pp — X" — HH)
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https://twiki.cern.ch/twiki/bin/viewauth/CMSPublic/SummaryResultsHIG

Di-Ah production: bbb 13 TeV (boosted)

2 large-R jets
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Di-h production: bbW* W~ (tvtv) 13 TeV

CMS Preliminary 2.30 fo” (13 TeV) CMS Preliminary 230 fo ' (13 TeV)

Events / 8.00 GeV

CMS Preliminary
10"

Observed 95% upper limit

R(HH — bbivlv)

Expected 95% upper limit

Expected limit + 1 std. deviation

Expected limit + 2 std. deviations

B
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o
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RS1 KK graviton, kL=35, k/M.=0.3

+ Data
Signal (1 pb) 1l

o
(V)

Events / 0.02

v
SM Higgs

95% CL limit on o(pp— X~ — HH)

200 300 400 500 600 700 800 900
my”"?(GeV)

HIG-16-011
Similar results obtained for spin-0 signal
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Di-/ production: bbyy 13 TeV

» 2 high p_ photons
e 2 b-jets withm ~m,
e Data driven backgrounds

resonant
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Di-/ production: bbyy 13 TeV

» 2 high p_ photons
e 2 b-jets withm ~m,

e Data driven backgrounds

<sa.1—u0 N

Fit to m in 2-b and 0-b regions

e Parametric signal from MC
e Parametric bkg. from data

4L

Upper limit at 95% CL.:
6 <3.9(5.4) pb obs. (exp.)
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Counting experiment
el ~mM
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Di-/ production: bbrr 13 TeV

2.7 fb! (13 TeV)
CMS bb ut

preliminary channel

¢ Data
[ i
QCD
Drell-Yan
Other bkg.
Bkg. uncertainty
. =1(SM)

Events/bin

__.---ll-lIIIl
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BDT output

2.7t (13 TeV)
bb pr, ¢ Daia
1-preliminary channel gt
QcD
Drell-Yan
Other bkg.
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e Only 1.7, ut , et,
« BDT 1n {1 _against tt

e Main backgrounds
from data

95% CL limit on o(pp — hh) [pb]

HIG-16-012
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Di-/ production: bbrr 13 TeV

J ]
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2.7 b7 (13 TeV)

Drell-Yan

Other bkg.

= bkg. uncertainty
—— my, = 800 GeV
_— m =450 GeV
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e Only 1.7, ut , et,
e Kin. fit with
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e Main backgrounds
from data
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Di-Ah production: towards HL-LHC
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e Improve identification performances
e Analysis techniques
ol * Additional final states

» Beneficial also for Run II data
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Expected significance,
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ADDITIONAL HIGGS BOSONS

In the framework of 2HDM, NMS:SMs semina
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Additional Higgs bosons

NoH — VV

Favored by 4(125) couplings

(2HDM type-ID m, =300.0 GeV m, =200.0 GeV my:
10|:I T

s
D-
._

~
=
.
;
x_
o
m

P

—
ou

i
<=
=

BR({A — XX)

[
=

' HIG-16-010 \
10°

tan( )

A. Jafari, CP3 Seminar 20



H > ZA: A—bb, Z— (¢ 13 TeV
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e m , compatible with m,

3xresolution — width

e Backgrounds
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Additional Higgs bosons
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pp—A—Zh m,=600 GeV Type Il '

ATLAS
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A — Zh: h—bb, Z— £/ vv 13 TeV

resolved boosted
.f-_;, A * Resolved: > 2 small-R jets, m, compatible with m,
z o Boosted: > 1 large-R jet, m. compatible with m
b 500 GeV ) ) "
e 2 lepton: m , compatible with m,
Ip
o e Backgrounds: control regions included in the fit

-

v P.2 (GeV) o V+jets: side band in m,

"\)/Q . tt: ep sample, 20, low p,”
\,Q’ ‘
Q7 & :
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A — Zh: h—bb, Z— £/ vv 13 TeV

ATLAS Preliminary % ATLAS Preliminary A Zh (02113 1)
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MSSM H/A: H/A—1t 13 TeV

H/A

H/A o*
*

y

Backgrounds

H/A—>’C’C ,TT,TT

“Jet — rh”: fake rate method in
data

b "h"h | | Z—LL (in 7,7, ): corrected using
Z-peak region data
Search variable: m; = \/m " )+my(ER ) +my (T, T,)

ATL-CONF-15-061 A. Jafari, CP3 Seminar
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MSSM H/A: H/A—tt 13 TeV

H/A Backgrounds

EEEEEE “Jet — 17 fake rate method in

data
Z—1LLl (in T 7,): corrected using

H/A — T T, TT, T,T,

H/A o°
b o Z-peak region data

ATLAS Preliminary, s=13 TeV, 3.2 fb™
hMSSM scenario

H/A — 11, 95% CL limits  ATL-CONF-15-061

- —s— Data
JETLAS Fl'rehn.'n_r;lary C HA — 1
{s=13TeV,3.2fb m, =500 GeV, tanfi = 25
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o W—rtv

[ 1. single top

I Others

[ Uncertainty

------ Pre-fit background
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New H boson to ZZ/ WW

CMS up to 5. 1 o™ (7 TeV) + up 1o 19 7 fb (8 TeV)
I | '
Combined === Combined (exp. + 20)
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New H boson to ZZ— ¢ vv 13 TeV

o {{ COmPaFlble with Z Search variable

 Large missing E_ m

- miss 2 - T miss
e No b-jet — against tt \/|P +m, +\/|E +my) —(pr+E7 )
e CMS:0,>1Db, VBF

: !

9 ATLAS Preliminary == Data - ggF H (300 GeV)
o ggFH[bDﬂC \.r: ggF H (1000 GeV)
Vs =13TeV, 3.2 ib’' ] Z(ee Ctt

Backgrounds

e WW, tt, ... : from ey CR |[cH8 1 {}.::
o /Hjets: ‘
e ATLAS: yield from

data, shape from MC
« CMS: y+jets data

Events / 50 GeV

. WZ:
e ATLAS: from 3¢ data ||k
e CMS: MC
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New H boson to ZZ— ¢ vy 13 TeV

2310 (13 TeV)
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New H boson to ZZ—({¢*/vv) gq 13 TeV

. . s NWA H Observed (CLs) . . Observed limit {'l""FITIH = 5%)
ATLAS Preliminary \WA H Expoctod (GLe) ATLAS Preliminary Erpected limit Fy/m, = 5%)
H—ZZ—llgq o , fs =13 TeV, [ Ldt=3.21b" Observed limit (I"/m,, = 10%)
I I'y/'my [5%] Observed (CLs) - Expected limit (T,/m,, = 10%)
Vs =13 TeV, 3.2 b

-- Iy'mpy [5%)] Expected (CLs) Observed limit (I",/m,, = 15%)
—e— I'y/my, [10%] Observed (CLs) 2/ —vy qq Expected limit (I'/m, = 15%)
Iyymyy [10%] Expected (CLs)
—&— Iymy, [15%] Observed (CLs)

I'y/myy [15%] Expected (CLs)
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m,, [GeV]
e Boosted:
 Z-tagged jet * Boosted:
« Search over m,,, distribution » Z-tagged jet

e Resolved:  Large missing E_

e 2-b and less-b regions o Search over m (E ™, J) distribution
« Search over m,,.
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New Hbosonto ZZ/— ¢ {13 TeV

CMS Preliminary 2.8fb" (13 TeV) 2.8 (13 TeV)

CMS 2HDM Type II, cos(B-ct)=0.1
Preliminary M4 =M. = my + 100 GeV

3

— Observed 95% CLs
['=0, expected £ 1 s.d.
['=0, expected + 2 s.d.
['=5GeV
['=20 GeV
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Using the sample of the SM Higgs analysis in search for a resonance
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New H boson to Wl — {vgqg’'13 TeV

Boosted W — qq': W-tagged jet, m, ~m,,

ATLAS Preliminary
Vs =13 TeV, 3.21b"
WW Signal Region

—e— Data
- VVjets
Top quark

B Dibosons
Z+jets
== HVTm = 1.6 TeV
Fit tot. unc.

Signal

ATLAS
Vs=13TeVv, 321"

—e— Data

Preliminary B WV-jets

Top quark

Hadronic W/Z sideband [l Dibosons

Z+jets
-- HVT m=1.6TeV
Fit tot. unc.

W-ets CR (m, SB)

ATLAS Preliminary
Vs=13TeVv,3.2f"
Top Control Region

Search over m,  distribution

—e— Data
N W +jets
Top quark

B Dibosons
Z+jets
-- HVTm =1.6 TeV
Fit tot. unc.

tt CR (b-jet SB)
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HIGGS EXOTIC DECAYS
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« LHC RunI: BR(h— BSM) <0.34
* A lot of room for rare & exotic decays of 4
 Well motivated in the framework of NMSSM, 2HDM+S, ...

A pseudoscalar, interacts with fermions via mixing with Higgs

One of the light CP-even Higgs
in the model identified as h(125)

A. Jafari, CP3 Seminar 34



« LHC RunI: BR(h— BSM) <0.34
* A lot of room for rare & exotic decays of 4
 Well motivated in the framework of NMSSM, 2HDM+S, ...

Explored final states:

. 2127 (Phys. Rev. D92 (2015) 052002), 4y (CERN-PH-EP-2015-187)

e CMS: 2u2b (HIG-14-041), 4L (CMS:Phys. Lett. B 752 (2016) 221), 2121
(HIG-15-011), 4T (HIG-14-022, JHEP 01 (2016) 079)

- CMS d = ~°-cms

Preliminary Preliminary

2HDM+S
Type-1 and type-2

/| h—saa searches
h—aa searches

h—aa—purtt (HIG-15-011)
Wil on) h—aa—ypubb (HIG-14-041)
h—aa—pubb (HIG-14-041) h—aa—trtr (JHEP 01 (2016) 079)
h—aa—tret (JHEP 01 (2016) 079) . h—aa—1rr (HIG-14-022)

h—aa—trrt (HIG-14-022) h—aa—spupp (PLB 752 (2016) 146)

Mo prediction for B(a— XX)

2HDM+S type-2

tanﬁ =20 - h—saa—supuy (PLB 752 (2016) 146)

arXiv:1312.4992 expected | observed expected [_]observed

35

Highly benefit from the uping large Run II data sample



Exotic i decays: h—aa—(2b/21t)2u

19.7fb" (8 TeV)
T

| T
L —e— Observed
r CMS
" Preliminary Expected
— [ + 1o Expected

-
)
3]

19.7 fb" (8 TeV)
L] L I T

Combined

=
Y]
o

Combined [ 1+ 20 Expected

—8— Observed

Bl zz

[] Reducible bkg.
--- Signal x 30

[ ] Bkg. uncertainty

Events / 4 GeV

19.7 fb" (8 TeV)

T T4 F I ] o I | e L L I | o e L I L

CMS

\ Preliminary

T rrooe

2HDM+S type-3
m, = 40 GeV

T T ||||IT|.-.

HIG-15-011

1
30

95% CL on (s(h)/c_ ) x B(h— aa) x B(a— 7)?

oM
. . '_I.
o
IIIIIIIIITIII

19.7fb (8 TeV 19.7 o™ (8TeV)

I ! 5 L 5 T L

CMS

Preliminary

LIl

E

Expected + 26 CMS
Expected * 1o Preliminary

h—aa—sppce (HIG-15-011)
—s— Observed
h—aa—bb (HIG-14-041)

HIG-14-041 - expected [ |observed

I ] I L3 1 I L 1 I L1 1 I I Ll

1 2 3 4

1 IIIII\II I IIIIIII| 1 HIIIIJl 11111
‘ T 1 1 1 | | [ I | | | B! I P |
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http://arxiv.org/ct?url=http://dx.doi.org/10%2E1103/PhysRevD%2E90%2E075004&v=78879c72

INVISIBLE HIGGS

A. Jafari, CP3 Seminar

37



Invisible Higgs: ZH—{ {"+Inv. 13 TeV

Large Ag St =1l
VWY CMS -+ data VWV CMS
Z+jetsly WW+top-quark Preliminary Z+jetsly WW+top—quarkPreh'mmary

WZ — ZH(125) . WZ — ZH(125) .
77 0 jet category - 1 jet category

ETmISS
Ap <m/2
* 2 leptons compatible with Z 2 ) 800 1000
o Large E mis m, [GeV]
t

2.3 fb"' (13 TeV)

— Observed CMS Preliminary

--- Median expected 7H — 2|+E-r|-niss+0/1-jet8
Expected + 1o

Expected + 2¢

0-jet and 1-jet categories
Search variable: m

Background

e /+jets from y+jets data
e Non-resonant from ep

HIG-16-008

Oyq > zH X B(H — invisible) (pb)

Y = A Jafari 150 200 250 300 350 400 450 500 550 00 Y,
Higgs boson mass (GeV)




Invisible Higgs: 'BF H —Inv. 13 TeV

Large n - Large An

)
miss §
E ™)

4

* 2 high p, jets, large m,
o Large E™*, well separated
from jets

Background

e From control regions
e 7Z(£0), W(tv), QCD

Search strategy

e Simultaneous fit in all
regions
e Counting experiment

~~~ HIG-16-009

95% CL limits CMS

Preliminary

— Observed limit
Expected limit
Expected limit (15)
Expected limit (20)

m, = 125 GeV

Combined
(13 TeV) + 18.9-19.7 fb"' (8 TeV) + 0-4.9 fb’
95% CL limits

limi o
—— Observed limit Prel:mmary

8+7

Expected limit
Expected limit (15)
Expected limit (2c) 13+8+7

Combined VBF-tagged VH-tagged ggH-tagged



Invisible Higgs: in DM searches 13 TeV

Mono-jet & mono-V
Single jet (V-tagged)
Large E. ™, search variable

10 mutually exclusive CR's
for Z(vv)/W(Lv)tjets

+

CMS Preliminary

CMS Preliminary

Simultaneous fit to signal
Mono-jet ' Mono-V

regions and CR's:

e MC transfer factors to relate
SR & CR yields

e Theory diff. 6 /o, 1s used

Data / Pred.

1000 1200

1000
ET"® [GeV]

ET° [GeV]

s | HIG-16-013
Category Exp. (Obs.) | 1o range Expected signal
sensitivity composition

Monojet 1.11 (1.46) 0.76-1.64] | 66% ggH, 25% VBF, 5% WH, 4% ZH

|
Mono-V 1.43 (1.04) | [1.02-2.10] | 40% ggH, 7% VBEF, 33% WH, 20% ZH
Mono-V + monojet | 0.84 (0.85) | [0.59-1.22]




CHARGED HIGGS

A. Jafari, CP3 Seminar
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Charged Higgs: H"— t°v 13 TeV

e One hadronic t
o Atleast 3 jets, atleast 1 b
e Large E™*, large m_ %

Background

» “Jet— 1" fake rate from data
e W/tt in tv validated in CR's
with 0 or 2 b jets

Search strategy

e Fitto m, distribution

o
2
-;
1

‘[-
L
C
o)
T
=,
Q,

‘[-

o
o

=)

arXiv: 1603 09203

40
35
30
25

20

Run 1 result
— — Observed
- - Expected

ATLAS

\s=13 TeV, 3.2fb"

—— Observed (CLs)
Expected (CLs)

mmtio

[ ]+20
- H" hMSSM tanB=60

800 1000 1200 1400 1600 1800 2000
my [GeV]

ATLAS

Ys= 13 TeV, 3.2

H — tv; hMSSM scenario

[ ] Observed exclusion
--- Expected exclusion

[+ 1o
[ ]+2c

200 220 240 260 280 300 320 340 360

m,, [GeV]
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Summary

 LHC Higgs discovery 1s accompanied by a big question:
Is this Higgs connected to BSM? How?!

e ATLAS and CMS have looked into many possibilities
* Only a subset reviewed here!!

i)
=5
=
=
o
=
(=]
S
E
—
(&)
o
52
Yo}
=

20500 220 240 260 280 300 320 340 360
- [GeV]

. Prospects for HL- LHC are also belng studled
e Still many areas are not fully explored
Benefits from more LHC data at higher energy
 Efforts are ongoing with the current data
STAY TUNED!!

A. Jafari, CP3 Seminar 43



BACKUP
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Di-Ah production: bbb 13 TeV (boosted)

e 3-tag and >= 4-tag samples
e QCD shape from 2-tag sample with parametric tail

e QCD and ttbar from template fit /T<

"\
3(4)—tage )4 T
IV T, E

. - 2—tag 3(4)—tag 3(4)—tag
bkg = MMulijet Nygyyiie T @i Ny + N7y ets

Mior“

“,
%)
i {

ATL-CONF-16-017

A. Jafari, CP3 Seminar
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Di-h production: bbbb 13 TeV (resolved)

At least 4 b jet

compatible with 7

N

Backgrounds from data in

control regions

e Exploiting the “2b-A”
compatibility

e Also events with 2 b-jets
for ATLAS

— hh — bbbb) [fb]

KK

A. Jafari, CP3 §

—— Bulk RS, k/M;, = 2.0
—e— Observed Limit (95% CL)
Expected Limit (95% CL)
Expected 1o
Expected +20

ATLAS Ptellmlnaly
(s=13TeV, 3.2 b

Resolved | Boosted

1000 1500 2000 2500 3000
mg. [GeV]

CMS --------- Expected Upper Limit
Preliminary Expected + 10
Expected+ 2
—e— Observed Upper Limit
KK-Graviton, kL=35, K-"MH:OJ

HIG-16-002

:
.

46
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Di-h production: bbbb 13 TeV (resolved)

Combinatorics: pairs maximizing b-tag value
mass dependent cuts on p_ and n of dijets
400 GeV

if my; > 910 GeV,
200 GeV

if my; < 600 GeV, Reiect ttbar:
0.65my; — 190 GeV  otherwise, A -

260 GeV
Pt > (150 GeV

if my; > 990 GeV,

if my; < 520 GeV,
0.23my4; + 30 GeV  otherwise,

T 10 if my; < 820 GeV, Inverted cut: CR to estimate ttbar yield
Tdijet 1.6 x 1073 my; — 0.28  otherwise.
BB L B B L B B o
ATLAS Preliminary s = 13 TeV, 3.2 fb" ® ) )
L T - Shape and yield corrections for QCD:
% d—tag
i _"Multiet " "data
MMultijet = g Nz_mg
Multijet data
50 N\
: . j/(ﬂ\ A
. ‘ .l Systematics: b-tag, JES QYT
50 100/ 150 200 250 \300 L
Tiead [GeV] ls

SR CR SB A. Jafari, CP3 Seminar ATL-CONF-16-017 47



Di-h production: bbbb 13 TeV (resolved)

Recalibrate the b-jet energy using
Higgs

2.3fb" (13 TeV)

CMS
Preliminary

Parametric model for backgrounds

e Used to model background
* In 2-b-jet region, the method 1s validated

Dominant systematics:
Trigger, b-tag

100 150 200 250 300
My, (GeV)
mp1 — 115 GeV 2 4 (M2 115 GeV 2 <, HIG-16-002
OH 0l :
Optimized for the Averaged mean over tlge,ran e .
A. Jatari, CP3 Seminar 48
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Di-h production: bbW* W~ (tvtv) 13 TeV

e Two different BDT trainings below and above 450 GeV
e Dominant systematics: trigger, b-tagging, ttbar
background

HIG-16-011

Di-/ production: bbyy 13 TeV S

 b-jet recalibration with Higgs mass
e Non-resonant bkg. shape:
e exp. fit tom  distribution in m_ side band

e Resonant bkg yield:
o Estimation from side-band in m with efficiencies

from 0-tag CR
e Stat. limited ...

A. Jafari, CP3 Seminar

yT
.\7A

ATL-CONF-16-004
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Di-/ production: bbzr 13 TeV

e QCD yield:
e From SS where SS/OS ratio 1s obtained from non-1so
sample
e QCD shape:
e From SS non-1so sample
« Systematics: b-jet and t identification, Q*scale

A. Jafari, CP3 Seminar

HIG-16-012
Non-resonant
HIG-16-013

Resonant

50



Variable

;_3,% [GeV |

Np -tag jet

Nymall-R jet

M arge-R jet

Mijer OF Mgy [GeV]

O-lepton selection

EM™S [GeV]

Niet=3(2) B . i Fak
_;gl pr ' [GeV] > 150 (120)'*/
i=

PSS [GeV] > 30
Ad( E'_lli]iﬁﬁﬁ !ﬁ _l[ll‘liHH:} < /2

Ad( E%‘i-‘"‘". h) > 2mf3

min[Ad {f![l.‘i”*‘, small-R jet)] > 1/9(*)
Ad(j.J) < 7m/9

Number of hadronic taus 0

Number of b-tag track-jets not
associated to the leading large-R jet
2-lepton selection
Mee [GeV] 70-110 70-110
my [GeV] 70-110 55-125
E™iss /\[Hy [VGeV] &35 ~

ATL-CONF-16-015
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A — Zh: h—bb, Z— € /w13 TeV

e Muon recalibration using Z in both high and low pTZ
o Jet recalibration using Higgs mass in low pTZ

Number ot b-tagged small-R jets

(0-lepton, low-p,?)

(a) (-l -
(a) U-lepton, low-p;

ol b-tagged track jets

Number

Number of b-tagged small-R jets

(0,2-lepton, high-p?)

145 m,

(c) 0- and 2-lepton, hi;-:-'h-lr.rfj'f

(2-lepton, low-p I,-:]

R I e P £
(b 2-lepton, low PT

Gev]

!,4,,:\( A
v S
ATL-CONF-16-015

Systematics:

e JES, IMR, JMS, b-
tagging

 Signal modeling and
background

52




New H boson to ZZ— ¢ vv 13 TeV

ABCD method for Z+jets yield | ATH-CONF-16-012

The Z + jets background is estimated from data by comparing the signal region (A) with two-dimensional
sideband regions in which requirements on the fractional pr difference (B), Ad(p;, ET**) (C) or both

variables (D) are reversed. The mi?’i distributions in the signal and those three sideband regions after the

dilepton mass requirement are shown in Figure 4. Since the variables ﬁnﬁr{'ﬁ'frf. E_'ll"”” ) and the fractional

pr difference are uncorrelated, an estimate of the number of background events in the signal region is
. res robs,sub - robs,sub ;A robssuby

TV SAT. |‘L-.'\[ — |i b M * LY ’

given by N¥" = N, X (N ).

A "

A. Jafari, CP3 Seminar
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New H boson to ZZ— ¢ vy 13 TeV

Better sensitivity with VBF and ggF jet selection Both flavors combined

CMS Preliminary 231" (13 TeV)

= W7 ATLAS Preliminary —4 Data -+ ggF H (300 GeV)

= 1aTey a5 fl ggF H (600 GeV) ggF H (1000 GeV)

Vs=13TeV, 3.2 e Wz

H—oZZ —slhvv I gg—ZZ [ Zieeluu)+jets
I tTWHZ(tT)+ jets/WW [ Triboson
[ tiviivy [ Fake Lepton
Stat. @ Syst. Unc.

=
]
U]
o
T3]
w
kL
=
@
=
]

600 800 1000 IEDDl 800 1000 1200

Data/SM Pred.

cooo
MO inEDE

0 200 400 600 800 1000 1200 1400
mZZ [GeV]

400 600 a00 1000 00 400 600 800 1000

Transverse mass [GaV]

Transverse mass

HIG-16-001 &

K\
1>

ﬂ)(’

|

-

ATL-CONF-16-012
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HIG-15-011 Di-muon trigger

Search variable: m_

HIG-15-011

b-jets Vetoed
All T final states except t T

Signal

m_e [20,62.5] GeV

e Parametric model,
* Voigt with or w/o Gauss component based on final state

Higgs production * Interpolated to regions w/o simulations (closure checked)

ggF, VBF, Vh
Background

e Modeled with Bernstein
e 77: irreducible, estimated from MC
« Fake t/p/e: reducible, estimated from control data
o Fake rate method in p_ bins for yields

e Shape from SS region
A. Jafari, CP3 Seminar

All tau final states
except pup

h — aa — 2u21t




Invisible Higgs: 'BF H —Inv. 13 TeV

QCD CR: inverting A (E.™,jets)

HIG-15-011

A. Jafari, CP3 Seminar 56



Charged Higgs: H*— tv°v 13 TeV

ATLAS [ Diboson Cw+ets
{s =13 TeV, 3.2 b’ B Z+jets [t & single-top
Bl MisDepn -t [_JMisIDj—

W — tv control region e Data

4

||||||||||||||||||| |||||||||||||||||||||||||||||:
i [] Uncertainty
Tl . -

=
W
—
L.
[4¥
O

Farts
;22

‘41 ]
' |||||||||||||||||||||||||||||||||||||||||||||||||:

arXiv-1603-09203 10 20 30 40 50 60 70 80 90 100
' ' m; [GeV]

Figure 3: Distribution of m in the control region enriched with W — v events, which differs from the nominal
event selection by the requirements that my < 100 GeV and that the number of b-tagged jets be zero. The W — v
background is normalised to the data through an overall scale factor. The total (statistical and systematic) uncer-
tainties in the SM prediction are shown in the lower plot.

A. Jafari, CP3 Seminar




Charged Higgs: H*— tv°v 13 TeV

ATLAS [ Diboson CIWjets
{s=13TeV, 3.2fb" [EHzets [ ]t & single-top

ﬂ control reginn . MislD efp — D MislD j — <
e Data

Events /5 GeV

7 §
L

arXiv:1603:09203

80 90 100
my [GeV]

Figure 4: Distribution of my in the control region enriched with # events, which differs from the nominal event
selection by the requirements that my < 100 GeV and that the number of b-tagged jets be at least two. The total
(statistical and systematic) uncertainties in the SM prediction are shown in the lower plot.

A. Jafari, CP3 Seminar
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Double-charged Higgs: H=—( (¢ 8 TeV

e Explains neutrino masses
e SM + scalar triplet &=, ®*, @°

19.7 b (8 TeV)
100% P — ee CMS

Preliminary

. 100% ®~— ep
e No lepton flavor conservation

e O — ee, Uy, ey, et, Ut
e 30 and 4( final states 100% GH_s ot

100% &= uu

S SR Sk 100% ®“— ut Associated Production

+ Pair Production

Benchmark 1 Pair Production (4)

mmié Pair Production (3)
> Benchmark 2

Associated Praduction (30)

Background
e WZ/77 from side band in m o
e Validated in CR's

Benchmark 3

Benchmark 4

0 100 200 300 400 500 600 700 800 900 1000
Excluded Masses (GeV

Search strategy

e Counting experiment HIG-14-039

A. Jafari, CP3 Seminar 59
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