HLlggs physices
L ATLAS and CMS
Beyond the standard model
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The LHC, ATLAS and CMS L run 2

= HLgOS Mass Measurement

HLOYS SpLn measurement

BSM HLYYs scenarlos

2Higos Doublet Models (2HDM), MSSM/NMSSM

Additlonal Higgs bosons searches-examples

Exotic Hlggs searches
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R@&m{g for run 2 (abmost!)
- Phgs’w_s (un stavts next May

W hat’s new?
= 6%8\/@5 1= TeV

— 25 ns bunceh crossing (not stratght awag)

— Expected ~100 fot integrated Luminosity
at the end of Run2

— ATLAS and CMS Upgrades
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Major ATLAS t}cp@mdeg
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= Additlonal nsertable B-Layer (Pixels)
= New beam pipe -
= Complete muon coveraoe

———— |BL 10% B-layer inefficiency
ATLAS
ATLAS 10% B-layer inefficiency

. Pixels + IBL
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Major CMS Upgraoles

= Additlonal (4%) layer of pixels

e —————

= smaller radius beam pipe L LST, and plawn to uastall new pﬁxeLs LA
extended 2016-201F shutdown :

= Hybrid Photodiodes (HPD) of HCAL arve veplaced with Silicon
Phiotomultipliers (SIPM) Ln the barvel and endeap.

= Cowplete munon coverage

Layer 4, insta
CSC and RPC

Layer 1 CSC improved
read-out granularity

Current
3 barrel layers

Upgrade
4 barrel layers




HLggs mass measurement

e —————

Both experlments use the H->yy and H->2 2 channels.

25 10t of data.
The precision s already tn the order of %, dominated by statistical
v | wiacertainty!
M, =125.03—=0.27+0.26 (stak)

_0.15—5—0.13 (555) ;

=125.03_,_, 2P GeV

My = 12536 + 0.37(stat) = 0.152(355) GeV
BT e e e A
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HLOOS SPLA MEASUTEMENtS

- H— ZZ* — 4l
- 1s=7TeV [Ldt=4.61fb"

[ \s=8TeV [Ldt=20.71b"
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= Exotic Hings: )=1,)=2 excluded at >95% CL by both
CMS and ATLAS
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HLogs coupling MEASUYEIMENES

e —————

Coupling stremoths g of the Hlgos to other SM particles scale

with the particle mnss -
Fermlons: g- = Nm/V, Gauge bosons: g,, = 2m=, /v

Results consistent with the SM

CMS Found an excess with 26 significance in the teH
prodluction

19.7fb" (8 TeV) + 5.1 fo' (7 TeV)

m, = 125 GeV
Combined _ CMS H
u=t100+043| Prefiminary

CMS Preliminary 19.7 fb" (8 TeV) + 5.1 fo” (7 TeV)

Untagged
1=0.87+0.16

VBF tagged
n=1.14+£027

VH tagged

nw=0.89+0.38

ttH tagged
nL=2.76+0.99

Total uncertainty

+ 1o + 20

ATLAS Preliminary
my = 125.5 GeV

Modsl:w,, w
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x.=099"17
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[E=7TeV [Ldt=46481"

{5 =8 TeV [Ldt = 20.3 fb"

Parameter value
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HLggs phystes n RUn
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= Precislon measurements
* Searches for vare decays and processes

= Searches for new particles

19/11/2014



Beyona the sStandard Model HLo0)s -

= 2 2 : — - = : — : e

High mass 2HDM/MSSM NMSSM Heavy Higgs decays
-Htoyy - a to mumu - Zh to litautau (leplep, lephad, hadhad)
-Hto WWto Iviv - 2a to 4y (multiphoton) - Zh to (ll/vv)bb
it bl - 2a to 4taus - hh to yybb
-HioZZto 4l - (bb)a to (bb)tautau to (bb)emu - hh to 4b

-Hto ZZ o llw - 2a to tautaumumu - hh to bbtautau

-Hto ZZ to ligqg -H+ toaW )
- hh to yyVV to yy4

- Hto ZZ to vwbb ¢ W e
- top pair

- (b)tau tau (leplep, lephad, hadhad) LFV
- (b)bb - Doubly charged Higgs

- (b)mumu
- very high mass tautau Other BSM
Charged Higgs -mono photon
- mono Higgs
- Cascade decays H to H+W to hWW to bbWw

- taunu+jets
- taunu+lep
-tb

. Invisible Higgs decays

S T Exotic Higgs ’
- Wh - ZH to (Il)inv
- WZ to (lvqq, qqll) - VBF H to inv
- very high mass tb (allhad, lep+jets) - VH to (jj)inv

- Hidden valley pions
- Dark Z, H to ZdZ(d) to 4l

- H+ to Wgamma - Mono-W analysis substructure

Agnl Bethanl, 10




multl Higos doublet modlels

N . — - —— § =T

*  The Higgs sector Ls the last unkinown piece of the SM of particle
- phystes. | *

. _the Higos sector mioht comstst of multl-Higgs doublet flelds.

*  multi-Higgs models are realised tn vartous new physies models -
ncluding supersymmmetry. | |

Supersymmetry s an appealing candidate for BSM physies:

the introduction of o fermion-boson ggmmetr solves the
electrowenle hierarchy puzzle, offers a aark matter candidate and is
consistent with grawd unification -

Other models ave Little Higgs, twLV\/HL@@s, hidden valleys and
others. . |

© Agnl Bethanl, NEXT meeting, Sussex 19/11/2014 11



2 Hiogs dovblet models

" Bxtend SM Higgs sector by an ad;c;ﬁtlo’mat electroweale doublet
Five Higos bosons:
—twWo CP-even bosons I anol H

. = ong neutral CP-odol boson A
— two charged bosons H=E

= Higogs sector deseribed by six parameters
— Four Higos boson masses (i, e, -, and m, ., )
- Ratlo of the vacuum expectation values, tan B =v, /v,
- Mixing angle o of the two neutral, CP-even Higgs states

© Agnl Bethanl, NEXT meeting, Sussex 19/11/2014 12



2 Higos douolet wodels: TYpes

N . — - ——

= Type s

Fermiophobie: all fermions couple to H1 all vector bosons to H2

o

MSSM-Like: down type fermlons couple to H1 and up type
fermions to H2 | |

TYPpE 3 | .
L?ptow specific: Higgs-quark couplings Like type 1 ana
Higgs-Lepton couplings like type 2 |

TUpe 4 |
ngpp@d model: Higgs-quari couplings Like type 2 Higgs-
Lepton couplings Like type 1 |

© Agnl Bethanl, NEXT meeting, Sussex 19/11/2014 13



MSSM and NMSSM

MSSM NMSSM [*] Typell 2HDM

2 Higgs doublets I 2 Higgs doublets [
+ complex Higgs singlet

g HO H
- (i) m- (i) ()

2 scalars: h, H 3 scalars:
1 pseudo-scalar: A 2 pseudo-scalars:
2 charged Higgs bosons: H*, H- 2 charged Higgs bosons:

" MSSM: Only two free parameters at tree-Level to describe the system: tanf,M,

" The NMSSM adds a gauge singlet S and allows a relaxation of the eLectmweWe fine
tuniing W\,(){ the naturalness conditions.

Aonl Bethant, NEXT meeting, Sussex 19/11/2014 14



Neutral CP-even HLo s

> - . — - - - — . Y e

& Usual assumption is that the 125 Gev Higos is the Lightest ep-even higgs (h)
= Search for o heavier wewtral CP-even partner (H) to the 125 GeV light Higgs (h)
) \/é'% much Like the SM higos |

= Searches tn the same chaninels as the SM higos
- H->wWw/ZZ
- H->yy

= Senvehes ln exotle stonatires, such as bnvistble, H->hh, SUSY cascades ete.*

* Some discussed Later tin this talk

© Agnl Bethanl, NEXT meeting, Sussex 19/11/2014 15



Heavy H->Ww->eviy, 2HDM

e —————

= Split into o-jet (ggF) and 2-jet (VBF) channels

= se newral network to separate signal from background

ATLAS Preliminary \s=8TeV
0.4 H-WW-—evpy + 2 jets — 2HDM m, =180 GeV

NN @180GeV — 2HDM m,=125 GeV

— Total background

0.3 ATLAS Preliminary \s=8TeV
H—-WW-—evuyv + 0 jets — 2HDM m,=180 GeV

NN @180GeV — 2HDM m,=125 GeV

— Total background

Event fraction / 0.07
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Heavy H->Ww->evy, 2HDM

: - - p— —_— i ———— — -

= No evidence for signal found in the mass range of [135, 2001 Gev

" Limits setincos(a) vs. mH plane for Type 1 and 2 2HDM

ATLAS Preliminary ATLAS Preliminary

[Ldt=13b" 1s=8 TeV i S~ [Ldt=13fb" (s=8 TeV
“\ 2HDM Type-l tanf=20 . ! “-\ 2HDM Type-Il tanp=20
\ H->WW-—evuv _ ) \'\‘ H->WW-—evuyv

---- Exp. 95% CL . . p i ---- Exp. 95% CL
— Exp. 99% CL E — Exp. 99% CL
[ Obs. 95% CL . [J Obs. 95% CL
[ Obs. 99% CL [0 Obs. 99% CL

200 250 300 200 250 300
m,, [GeV] m,, [GeV]




Heavy H->WW->eviy

i L L L L L L L L A L I b L L L I L B

- - ATLAS Preliminary St tsys & sta - ATLAS Preliminary o sy @ st
7 . - Vs=8Tev | Ldt= 207 1b" o Vs=8TeV | Ldt= 20.7 b W

C(@l/\/ﬁ e Sef reh -([O v ' H->WW—s evuv + 0 jets Single Top HsWWos evuv + 1 jets Single Top

neutral scalar

resongnce Ln the mass

(ange 200 GeV-1L TeV

WZ/ZZWy WZ/ZZWy
Wijets Wijets
Z+jets Z+Jets
H[125 GeV

H [300 GeV

H [600 GeV] (x10)
H [900 GeV] (x10)

H[125 GeV]
H [300 GeV]
H [600 GeV] (x10)
H [900 GeV] (x10)
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Cut based analysts, ity
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— O, % BR

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ATLAS Preliminary —— Obs. ggF+VBF
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Heavy H-=>YYy

e —————

= Extenslon of the teeh mqués developed for the dlécovergj of 1 (125) —yYy to search for
additional narvow resonances decaying tnto Yy L an extended mass range

" M,y Spectirum fitted with analytical descriptions of signal and background distributions

= h(125) contribution is Lneluded tn backorouna

ATLAS Preliminary 2c00:

ATLAS Preliminary

— Observed

-»-data i el '.-c, :
— Continuum+H fit (m_= 125 GeV) 1 ! CICIC] EXpeCted

1
- - Conti t of the fit !
ontinuum par ] e 1l " D i 1 G

120 . J*f20¢

J. Ldt=203fb"

—e— data
—— Continuum-+H fit (m_ = 125 GeV

)
Continuum+H fit (m_ = 250 GeV)
)

— Continuum-+H fit (m_ = 500 GeV I L dt=20.3 b




CP odd Higos

e —————

" At tree level, cp-oda psewontosealar can decay to:
— a patr of stawdard wodel fermions £ £ (bb,TT),
S e |
=t 1/tanp
= or other BSM particles

cos(f — a) — sin(8 — a)/tan 8

" ntype 1 ano 2 2HDM the
production and deay of the
CP odd A depends only on tanp.

Aonl Bethant, NEXT meeting, Sussex 19/11/2014 20



I/ AT

E——

= Channels: different T decays exploitea

" Assoctated production with b quarks
enanced for Laroer values of tanf3

" “Both experiments use b-tag and wo btag
Cﬂt@@ OVI//eS CMS Preliminary, H-tr, 18.3 fo'at & TeV . CMS Preliminary, H—tr, 18.3 fb’ at8 TeV

T, o
5 ed
“fNo B-Tag =
tt
I clectroweak
3 aco
[ bkg. uncerainty
Milhay (=160 GV, tarfi=8)

& s==s== 3T
—8— observed
o 0
i
electroweak
Qco
[F777] bkg. uncertainty

Ml =160 GeV, tanfi=8)

dN/dm., [1/GeV]
dN/dm.. [1/GeV]

1000 1500

m,. [GeV]

Aonl Bethant, NEXT meeting, Sussex 19/11/2014 21



H/ A->TT

" Different ways of presenting the results
= SUSY parameter space, mooel tndependent, wtr to production mechanisms

CMS Preliminary, H—tt, 4.9 fb'at7 Tev, 18.7 fthlatd Tev

MSSM m™* scenario Mgqy =1 TeV

CMS (unpublished) 91t 19.7 b (8 TeV)
ATLAS 1Vs=8 TeV, .[ Ldt=19.5-20.3f0"

m, = 250 GeV 95% CL
gluon fusion d— 1T

68% CL
—.— o Best fit
Obs 95% CL limit : . - e
Exp 95% CL limit ¢ Expected for

16 ; SM H(125 GeV)
20

excluded

95% CL Excluded:
== observed
= SM H injected
— gxpected
+ 1o expected
+ 20 expected

excluded

200 300 400

-3
10 100 200 300 400 500 600 700 800 900 1000 .
m, [GeV] . . : 0.3 0.4 0.5
6(990)-5(¢—17) [pb]
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__A—=Zh—libb (I=e,u) L=10.7f" (8 TeV)

iy
=
=

Y
=
=

A-=>Za=> bt

—y
X}
=

ey
=
=

[==]
=

heavy pseudoscalar Higgs A, decayjing bnto
aZ and awn h boson

Last& BDT bins Si(S+B) Weighted Events
. -

Events with opposite sing sa e flavour
Leptons and two'b tagoed Jets.

I |
| T
' |
] |
] |

|
I
|
|
|
L.
|

-50 ———4————L1:{-r-E Mg Shaps [T M *l:rnmﬂm‘rrtcnﬂ ——————————
200 250 300 350 400 450 500 550 GO0 650 .rl]u

The analysis strategy s to fully

reconstruct the 2, h, and A bosowg from the
vistble decag pmdw;ts

B Expectedsts

i Expectedl 20

a warrow peak tn the w,, spectrum

a
=
)
o
N
£
N
N
<
@
©

Backgrounds Z +b jets, ttbar with leptonic
W decays

Flnal selection using Boosted Declsion Trees

Agnt Bethant, NEXT meeting, Sussex . 450 500 550 600
m, [GeV]




L=197f" (38 TeV) _ A—=Zh—llbb (l=e,u) L=10.7" (8 TeV)

—— Data

I 5M Higgs
Lijets

N z+b

Il 7+bE
f{+V)
Sln ;I Top

iy
=
=

Y
=
=

A-=>Za=> bt

—y
X}
=

ey
=
=

[==]
=

=]
=

heavy pseudoscalar Higgs A, decayjing bnto
aZ and awn h boson

Last& BDT bins Si(S+B) Weighted Events

Events with opposite sing sa e flavour
Leptons and two'b tagoed Jets.

200 25I] 300 350 400 450 500 550 600 h’l] 700
oo [GV]

The analysis strategy s to fully

reconstruct the Z, h, ana A bosowg from the A AL LT L %Mih e 1910 OBV
= — o ..:C ——
visible decag pmducts FProtmmary = 8';:3“:3 R e —
ek ) E)«:Iuded reglon L S :'
Ve xpec 40
a narvrow ’P@WQ Ln the ML S‘P@CJEH/U/VL e ;:;__:;:;:::?::::::;:;::3 10—
Backgrounds Z +b jets, ttbar with leptonic | | | | | |
1 | 95% CL Limits
Ya% 0(800{53 N i ) N e TF*gxcmm,wonw
EPAmEIREL 20N 0 T S SRR Expected
| | i =Expected_b

LR Expected =20

Flnal selection using Boosted Declsion Trees

Dﬂ’i‘ 2HDM [ m,=300Gev | JgeJl_ 2HoM || m,=300 Gev '

1 05 05 107, 05 05
Agni Bethanl, NEXT meeting, Sussex cos(B3-o) cos(f3-a)




Charoed Higos |

EE————— — ——

* Charged Higgs part of SM extensions
= Not so many final states explored yet

= New results onthe way; More plavuned for Run 2
- HT->TV
- HT->tb
- HT->whwzZ
— HT->cs5/ch and more |

Agnl Bethanl, NEXT meeting, Sussex 19/11/2014



Chargea Hiogs ATLAS i >T,V

E————

anhgmumﬁs

— tthar

- single top

— \WHjets, Z +jets, WIW,WZ,ZZ
- RCD multijet

Discriminating variable the veconstructed tau mass.

mT:J T m‘SS(l 'COSACDT,miSS)

backarownd estbmation usting embedding methppl * (Aetais tnthe backup)
- stlect events that ave topologically similar to main background but contain pinstead of T
- remove L track, shmulate T hadronie decay

— merge oviginal event and stimulated ta
= reconstruct whole event

© Agnl Bethanl, NEXT meeting, Sussex 19/11/2014 26



Chavgeo Higos ATLAS H->T,V

S
ATLAS Preliminary = —#-Data2012 8 10°F ATLAS Preliminary ~ —¢- paazot2
True 1 [Jrruer

JLd'[ =195f" it J-Ldt =195f0" et~
Bl -t e

\s=8TeV m,. = 130 GeV Y= \s=8TeV M, = 250 GeV (x5)
o B(t — bH')x B(H'— ) = 0.9 % - tan(B) = 50 MSSM m™
low mass H" selection -9 high mass H" selection

h : i )
300 400 500 600 700 800 800 1000 1200
m- [GeV] m. [GeV]

-y

—— Observed CLs

—— Observed CLs 1 . ‘
Ldt=19.5fb i
f Expected

Expected
At \s=8TeV B D ERY \s =8 TeV

+ 20

Ldt=19.5b"

Tata 2012 [ ATLAS Preliminary Ta‘a 2012

B(t — bH")x B(H" — t*v}
)

80 90 100 110 120 140 150 160 200 300 400 500 600 700 800 900 1000
my- [GeV] my,- [GeV]




Lioht higgs (NMSSM)

N < — - —— § =T =

Light higgs bosow h coupling to the H=125 Gev Higos
I the context of the NMSSM can be very Light! (<10 Gev)

= Many final states and productions are being studied as we speak
Many new results to come by the end of the year
Many wore are getting ready for Run -

. H;>)/1Vl—>2|.12’[
> bHT-> baw, a->2)
= H->hh->2b2u

" H->hh->4T

© Agnl Bethanl, NEXT meeting, Sussex 19/11/2014 2g



AT A n->o00->4y

" 4 high 8wer@8‘pmtows

" background dominated by RCH diphotons
- = fitted to sioebands

= Np exeess observed
ATLAS-CONF-2012-079

ATLAS Preliminary ~ ™=100MeV
Obesrved Limit
------ Expactad Limit

=1c

—— Datn 2011 = 7 Te) [ =, i
Background Modsl HOn =80 280)

—-. Shgna |:H"—' 35 G, l.ll'-1l::1:| Wley]

Events / GaV

. Shgniad (] H"—' 25 Gab's, l.ll'-i.'lia] e

.. Shgniad H"—' 25 G, l.ll'-l-llilll MYl

ATLAS Preliminany

f
1
3
5
£
:

150 160 120 135

m,, [GeV]
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Backgrounds

CMS W->a0->4H

2 muon patrs with o cmrge
&md stvatlay mass

— bbbayr decags t0 MAUONS
= di-)/Y¥ divect production

Stdeband reglon of My, # My,

- background pr@dlct’wm, of 3.8 +/-21

1 event observed tn signal region compatible with
background prediction

© Agnl Bethanl, NEXT meeting, Sussex
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Double Higos procuction

" Tev-seale vesonances decaying to two Higgs bosons predictedt by
several models, tneluding:

- RS KK Graviton—hh

— H—hh ln 2HDM

- Enhancement of non-resonnnt di-Higgs production
- SMdi-Higgs production at HL-LHC

New Resonances? Compositeness? Self-Coupling /Higgs Potential
(Future)

Aonl Bethant, NEXT meeting, Sussex 19/11/2014



Signal Region —e— Data
I Multijet
I
----- G (m=700 GeV)
—_— G* (m=1000 GeV) x 10

Events/ 50 GeV

ATLAS Preliminary
s=8TeV: J Ldt=19.5f"

lnh->Dblblbb

seaveh for Tev-scale resonances decaying to a
pair of Higos bosons -

Data / Bkgd

]/1)/1—> bbbb, two baClQ to bﬂ@k@, Vll/,@h ‘PT, PQI:YS O‘(E - P 00 BO0 1000 | 1200 41}0 T80 T80 [Ge%ﬁm
tagoed jets. |

Expected Limit (95% CL)
Expected + 1o
Expected = 26
= Observed Limit (95% CL)
= RS Graviton, kM,,__, = 1.0

dijet mass must be compatible with 1255eV

final discriminant, mass of the all four jets, m.,;

ATLAS Preliminary {s=8 TeV:.[ Ldt=19.5fb"

)
=
Ko
Q
e
T
T
T
T
am
&)
>
O
T
Q
2
©

1000 1200 1400
Mg [GeV]

© Agnl Bethanl, NEXT meeting, Sussex



hh->blyy

= 2 photons
= At least ong b-tagged jet

= Background: RCD Yy +jets

CMS (Unpublished) L=19.7 o' Vs =8TeV

Data and backgrounds
—=— Data
I =tandard model Higgs
I Zrw-pipg

ttt-gaial

Qch

CMS (Unpublished) L=19.7 fb’ fs=8TeV

Data and backgrounds
—=— Data
I standard model Higgs
N ZrW-gigg

Utt-ggia)

QcD

X — HH — yybb

X — HH — 1ybb

3D 400 450
m

Aonl Bethant, NEXT meeting, Sussex
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Data and backgrounds
—»— Diata
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hh->blyy | ‘

L=19.7fb \s =8 TeV

. ZZ‘P]/IOJCOVLS

WED: kl = 35, k/Mpl = 0.2, elementary top, no r/H mixing
m—— radion (A = 3 TeV)

- /A(t Leagt DNE b—t&l@@@di@t | :: — radion (Ag =1 TeV)

==x= RS1 KK-graviton

===g@==: Observed 95% upper limit
IR LITIRTLTLIT Expected 950/0 upper Iimit
Expected limit+ 16

==== Bulk KK-graviton Expected limit+ 2 ¢

= Background: RCD Yy +jets
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HLogs Lnvistiole

EE———

—

= Sowme extensions of the Standard Model allow a Higgs boson to

decay to a pale of stable or Long lived particles that cannot be
- observed ' .

= Higos decag’wn@ to a hidden/dark sector
- Higgs portal (SM+singlet) dark matter scenario

© Agnl Bethanl, NEXT meeting, Sussex
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HLogs Lnvistble VBF

VEFH

= 2 forwardl jets with big rapidity gap between them
and high bwvariant wass.

— A Lot of missing transverse energy (MET)

—@— Observed

Backgro unls (S=8TeV,L=195M" — stiim-tome

- Z(vv) + Jets VBF H(inv)
- W() + Jets, DY (LL) + Jets

" Lepton veto: no £ with p.> 10 Gev/e
— Sungle top, tt; diboson
- RCD multijets

= A@(//) < 1.0 rnad

150 200 250 300 350 400 450 500

miss
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HLogs Lnvistble VBF

= VEFH

= 2 forwardl jets with big rapidity gap between them
and hioh twvariant mass.

— A Lot of missing transverse energy (MET)

CMS Preliminary 95% CL limits

= _ 3 — Observed limit

Is=8TeV L=196fb Expected limit
Expected limit (1)
Expected limit (2 o)

 Oyge (SMD

= Backgrounas
- Z(vv) + jets
- W() + Jets, DY (LL) + Jets
" Lepton veto: no £ with p.> 10 Gev/e

o x BF(H —= inv) [pb]

— Sungle top, tt; diboson
- RCD multijets
- A(p(J’J’) < 1.0 vad
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Hiogs Invistble VH

" Palr of Lsolated L@#t—owg

. Dlteptow MASS neay Z, MAass

= /xLoto{vmigslmgthstv@rseemﬁr@gj

BackRgrounas:

ATLAS

/ ? o e (5=8TeV, [Ldt=203f" WM .'.::2
= Dlboson WW/ZZ/WZ ollla e

L

" Z->Up/ee

= Tthar, W..

[
=
_':'_.'_.I
t
0

100 150 200 250 300 350
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Hiogs Invistble Vh

= Pair of Lsolated Le#tohs

" Dilepton mass neay Z vass

= A Lot of missing transverse eneroy
éach@muwds:

= Dibhoson WW/ZZ/\WZ,

" Z->up/ee

= thay, Wt..

© Agnl Bethanl, NEXT meeting, Sussex

% BR(H—inv.) [fb]

(s=TTeV, [Ldt=45M"

i 1s=8TeV, [Ldt=203Mk"
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Higos and darie matter

= The vesults of the H->1nv. Can be Lnterpreted tn the dark watter

higgs portal scemario

Higgs-portal Model ATLAS )
{s=7TeV. |Ldt=4.5®"
{s=8TeV, |Ldt=20.3 "
:H — £+ irw.

[ camavLBRA 30 [ CRESST 2n
COMEE 95% CL I CoGeNT

— XENOHD — ENON OO

- L BEEm ATLAS, soaiar DA
ATLAE, wechor DM ATLAE, fermion DM

10° 10°
DM Mass [GeV]

Aonl Bethant, NEXT meeting, Sussex

Combination of VBF and
ZH, H — invisible CMS

Vs=8.0TeV, L =18.9-19.7 fb' (VBF+ZH)
Vs=7.0TeV,L=4.9fb"(ZH) B(H s inv) < 0.51 @ 90% CL

my =125 GeV
)

i el B

— ~ [ CRESST 1o
[ CRESST 25
—— - XENON100(2012)

XENON10(2011)

[ DAMA/LIBRA
B CoGeNT(2013)/90%CL
[ CoGeNT(2013)/99%CL
[ CDMS(2013)/95%CL
[Z—71] COUPP(2012)
—— - LUX(90%CL)

10° 10
DM Mass M, [GeV]
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Many more Higos searches of interest

s - = - — - ——————

SUSY cascade decagé with higos bosons

Search for displaced signatures

lﬁoubtg charged Higgs (part of multl higgs doublet wodlels)

Lepton flavour violating decays
= > Tp

© Agnl Bethanl, NEXT meeting, Sussex 19/11/2014 41



Looking forward to RUN 2

— - = - —— - —

= ATLAS and CMS searveh for new physies tn the Higgs sector
= Searches and measurenents tn parallel.
" The plan Ls to test all Mgpo’cmses. We have to Look evergwmm!

" Sophisticated analysis methods used in order to explolt every {b of
dota | , ' |

= Almbing for discoveries ano not Limits! ;)

Looking forwart to more energy anod new data!

Thank you ©

© Agnl Bethanl, NEXT meeting, Sussex 19/11/201. 42
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Higgs Branching fractions
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LHC HIGGS XS WG 2013

18 200
My, [GeV]
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Higgs production cross sections

\s= 14 TeV

\s= 8 TeV

LHC HIGGS XS WG 2014
LHC HIGGS XS WG 2010

o(pp = H+X) [pb]
o(pp — H+X) [pb]

300 400 500 200 300 400 500
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Higgs portal

V(H,S) = —p |H]? = 5 0" S+ MH|* + S 58t + S CS?HP

il

= If S s light enough the coupling € lnouces
h->¢g deaaﬁ moole

0.001
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SM HLOOS MEASUIEMENLS: CONSEAGUENSES

" \arlous scenarios testeol
- Asymmetric couplings to w/d type fermions
- Asymmetric couplings to-quarks/Leptons
: ' : SHDM Type | ATLAS Preliminary
LR , ' ; —— Obs. 95% CL 1s=7 TeV: [Ldt=4.6-4.8 fb"
X Bestfit Is=8TeV: [Ldt =203 fb"
% 4 - = -- Exp.95% CL Combined h — yy, 22" WW"
" Coupling measurements place constraints on BSM models. T e

ATLAS Preliminary
=7 TV, J Lt =46438%"

f5=8TeV, J Lt =202 /"
Combined h — v, Z2°, WAW", 11, BB
Simplified MSEM [y, x4

===Exp. $5% CL. =—Obs. 95% CL

[
S00 1000
Agnil Betha my [GeV] 19

2002040608 1
cos(p-a)




Embedading method

X e = — ————— = — S

= used to estivmate background a events with > rescole B wmeomentum
true Leptons L a data-driven way :
’ > veove W trock
= Little dependence on theoretical and detector-
velated wncertainties ' > stmulate p, subtvact calorimeter cells of this p

= maln assumption: same amount of W — pv - » sbimulate T — had decay

anol W — TV events, same kinematies o ‘ /
> mevoe orloinal event and sbmulated T

> seleck events that ave topologically stwmilar to

main background but contaln P instead of T » reconstruct whole event

simulated T decay



DM aovq:tﬁmg scale factors

e —————

| Coupling scale factor Type | Type ll

© Agwnl Bethand,

sin(8 — «a) sin(3 — «)
cos(cv)/sin(3)  cos(a)/sin(3)

cos(av)/sin(3) —sin(a)/ cos(p)

cos(a)/sin(3) —sin(a)/ cos(3)

NEXT meeting, Sussex

Type lll

cos(a)/sin(/3)
cos(a)/sin(3)

—sin(a)/ cos(3)
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Type IV
sin(3 — «)
cos(a)/ sin(5)
—sin(a)/ cos(5)

cos(a)/ sin(3)
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NMSSM couplings

Aonl Bethant, NEXT meeting, Sussex

type-1
sin(f8 — ) + cos(f — a)/ tan 8
sin(f8 — ) + cos(f — a)/ tan 8
sin(f8 — ) + cos(f — a)/ tan 8
cos(f — a) — sin(f — )/ tan 8

cos(f — a) — sin(f — )/ tan 8
cos(f —a) —sin(f — a)/tanf
l/tanf
—1/tang
—1/tang

type-11
sin(f — a) + cos(B — a)/ tan B
sin(ff — @) — cos(ff — «) - tan 8
sin(ff — @) — cos(ff — «) - tan 8
cos(f — a) — sin(f — @)/ tan 5
cos(f — a) + sin(S — @) - tan 8
cos(ff — a) + sin(f — o) - tan
l/tanf
tan 5
tan 5

19/11/2014
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CP oddl HLgos Ao multileptons

e —————

Same {La\/ow/ Leptowg‘ with Oiiteptom,
WLASS WEAY Z,

Events classifled according to the
nuniber of opposite sion-same flavour
paLIS

CMS mvthiL@ptow events:
At Least 3 Lleptons/max one T->had.

Backgrounds Z +jets, diboson production

Aonl Bethant, NEXT meeting, Sussex
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CP odat Higos Ao multileptons

e —————

same flavour Leptomg‘ with dilepton
MASS Near L

Events classifled according to the
nuniber of opposite sion-same flavour
paLIS

CMS mvthiL@ptow events:
At Least 3 Lleptons/max one T->had.

Backgrounds Z +jets, diboson production

© Agnl Bethanl, NEXT meeting, Sussex

95%

C.L.CLs lelts

- Observed

expected
expected *1c
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Char@m HL@@S CMS H->cb

A2 ta@@edjets

" 2 poditional jets

" Missing tro msx/_e'rse energy

" (solated Lepton

Main background SM ttonr [ | |

Cst ot s
t—Hb H —cs

- tal Unc.

& i Expected

VM s } BR(H — c§) = 1

(/OO RLV\JQ at ma‘gg O{\J 8tg 5 l:l Expected limitt 1o
WLt]/l O l/tt bta @ . |:| Expected limit+ 2 ¢

I+ jets final state
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A->Zn->bbll

the two b-jets originate from the decay of the Aozhofbb (=e)

SCQLQV Vl bOSO VL. ' ;r:;lusﬁamrm
i/ s . m,=225 GeV

h mass has been measured with better precision m, =250 GeV

than the one which can be obtatned from the b-jet . T mza00 cev

measurement vesolution alowne. T maTis e

m,=400 GeV
The measumdg‘@ts Py, 1, and @ are varied T rea00 Gev
according to thelr vesolution tn a kinematic fit
based on Lagrange multipliers to force the dijet

Liwvartant mass to be equal to m, =125 GeV.

The x2 of the fit is used in-the subsequent steps
of the analysis as a discriminating variable tn
place of thedijet mass my,.
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Heavy charged Higgs tb™, BT ->tb/Tv

Moy = Wy
2 final stotes: |
= ; o 5 00
— e¢ey U CMS Preliminary, /s=8 TeV, L = 19.7 fb™
—e— observed
S SRRl median expected
Tl/l u. [ + 10 expected

)4 g ’ + 20 expected
— Solated W, a hadronic T jet and at Least one —

more jet, at Least one b-tagoed jet
- DY, ttbar

m"°%* scenario, tanf=30

ee el Ul
— Lsolated, oppositely charged Leptons
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ATLAS and CMS | o

Transverse Shice of the Compact Muon Solenoid (CMS)

Pl csma) (S (e Sspee) L.

Culoremeter Iron refurn yoke lersparsed
LAr hadronic end-cap and wih Muon Chamters

\ \\ forward calorimeters
\ Pixel detector

Toroid magnets / \ LAr electromagnetic calorimeters

C 00N ON 11 DUmOvY

Use 1 Play B

Muon chambers Solenoid magnet J Transition radiation tracker

Semiconductor tracker
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