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what is driving us

ATLAS combination Moriond’13:
* SM expectation on the 95% CL contour of

the best data fit in the signal strength plane
(more details in ATLAS-CONF-2013-014)
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CMS combination Moriond’13:
* BRgsm=lgsm/T1or @SSUMIing that couplings
to the electroweak bosons are bound by

the SM expectation (k, <1)
* 0 < BRy,, < 0.64 at 95% C.L.

(more details in CMS-PAS-HIG-13-005)
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25m
Tile calorimeters
LAr hadronic end-cap and
forward calorimeters
-------- Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Total weight : 7000 tones Semiconductor fracker LI QIR Cg
Overall diameter : 25.0 m * coverage: |n| <2.5,n=-1n[06/2]

Overall length :46.0 m
Magnetic field :20T

* transverse momentum resolution:
o, /pr =0.05% p; (£) 1.0%
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physics objects: electrons

Spectrometer

g
-

\( 'Neutrind| x103
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A w‘r ) 3 . ATLAS Preliminary .
i VA = 100 Data 2011, s=7 TeV, [ Lot = 4.6 10"
Hadronic i %) B |
Calorimeter &V g | 04,,.=1.60=0.01 GeV -
v & 80 g, =1.45=001 GeV hi<1.37 .
Proton | f ; 60 -+ Data _
Neytron v s s — Fit result :
S ; K the detector B (z-eeMC
Electromagnetic . % 40 = —
Calorimeter +Electron?’
Photon - B ]
Solenoid magnet g 20—
Transition 28888838 8888 | .
Radiation P 2 S ATI AC
Tracking Tracker . " RILRY st P B EPESTE B PR S - .
Pixel/SCT ;! 2 EXPERIMENT 90 75 80 85 90 95 100 105 110

detector —

http://atlas.ch m,. [GeV]




CMS Detector T

SILICON TRACKER
Pixels (100 x 150 um)
~im?  ~66M channels
Microstrips (80-180um)
Pixels ~200m? ~9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CRYSTAL ELEC
ECAL ~76K scintilating PBWO, crystals
HCAL
Solenoid
PRESHOWER
Steel Yoke Siicon stips
Muons

, ~16m? ~137k channels

STEEL RETURN YOKE 5
~13000 tonnes J
SUPERCONDUCTING
SOLENQID
Niobium-titanium coil . ' WSS
carrying ~18000 A /. FORWARD
- CALORIMETER
Steel + quarlz fibres
. HADRON CALORIMETER (HCAL e
Total weight : 14000 tonnes Brass + plastic scinfillator ) . MUON CHAMBERS
Overall diameter :150m ~7K channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endozns: 468 Cathode Strip & 432 Resistive Plate Chambers
Magnetic field :38T
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physics objects: muons

Muons in CMS: e CMS Preliminary
. o~ B T T T T T T T ]
track segment reconstructed in the muon S o] 167 pb! ataE=8Tev ]
chambers matched with track in silicon tracker R 1
:. 0.8— [ 1 Z-pp —
I3 ] - ' 7 ] T T 2 | i
o wuon m ’ ) ) ) m S 6l .
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 good agreement between

* coverage: <24,n=-In[6/2
ge: |n| " 16/2] Monte Carlo simulation and data

* transverse momentum resolution:

* therei h
()'IOT /pTz 0.015% pT@ 0.5% ere IS a reason why we are

called CMS ©
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Minimal Supersymmetric SM

MSSM: @° (h, HO, A®), H* G380 T T
g my**-scenario 2/
% | Mgygy=1TeV / /:Q\ i

: : - u=-200 /7
e Higgs sector can be described by: [ 300p /./be(\\ |

] 2
tanf and m, é:: : N §
- 250( | -
e tanp = v,/v, where v, and v, are : /./@&” ]
vacuum expectation values : v j
200( A -
3 e i
L m'-‘g/. &S’bo .
150—_ z m,, (tanf = 50) -
v Ao (CP Odd): My i m\ m, (tanp = 10) -
« Ht: m,=(m,2+m,,2)Y/2 100 ~ ™ .
) H A W I-l I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 l-
100 150 200 250 300 350

m,.[GeV/c?]

* h9, HO (CP even):

mH’hz{l/Z{mA2+m22 + [(mA2+m22)2 > 4mA2mZZCOSZZB ]1/2}}1/2

Relatively recent proposal: m, mod+ and mod — scenarios

M. Carena et al. http://arxiv.org/pdf/1302.7033v1.pdf
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channel: pp
e even with a BR of =10
good sensitivity is achieved

* best channel for a precise
measurement of tanf3
CMS PAS HIG-12-011
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MSSM

channel: bb
e good BR
e challenging background

* more details in
arXiv:1302.2892

20 CMS 2011, L=2.7-4.8 fb™, (s =7 TeV
95%CL Exclusion Regions | ]
[ Observed ]
60 B Median expected o
[ | 1oexpected range ]
H 20 expected range 1
S0 . Median expected all-hadronic i
--------- Median expected semileptonic //:
[ P i
401 P
k.
20 QR _:
10 | MSSM m;* scenario 3
- u = -200 GeV
O B | Ll | |
100 150

250 300 350
M, [GeV]

channel: tt
e better background
conditions and ditau

mass parameterization
e CMS PAS HIG-12-050

Vs =7+8 TeV, L = 17 fb"
H Ll L T T
95% CL Excluded Regions
Observed

Expected

+10 expected
=20 expected
[ LEP

*X scenario 3

susy = 1 T8V 3

800
m, [GeV]

e there is an ongoing effort in CMS to combine all analyses and complete

the analysis of the Vs =8 TeV data (plan to be ready during summer)

Adrian Perieanu
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channel: ppu
e even with a BR of =10
good sensitivity is achieved

e best channel for a precise
measurement of tanf3

arXiv:1211.6956
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MSSM

channel: Tt

e better background
conditions and ditau
mass parameterization

arXiv:1211.6956
@.60_I""I""I"" L L L L L R
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Charged Higgs: H*->t*v_
e with the Higgs boson

produced via t->H*b
arXiv:1212.3572

= = Median expected exclusion
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(M) Next-to-MSSM a,» '

where a, is superposition of
- MSSM double pseudoscalar: ay,sop
- additional NMSSM single pseudoscalar:

a;= sy T €06, +ac *sind,
6,: mixing angle

A I~ -
% 25000 CMS preliminary _
S : Barrel “ \/§=7TeV :
S - L, =13fb" )
$20000" N
- u |

s - --- -< ® Data -
> r ¢ i = Total fit _
ﬁﬂ g = === Cont. background -
: .. Y(3S) ]

10000

Al

(I I 1 1 a2 2 1 'r-l-'|.‘f.'-l‘.|| ; i
6 7 8 9 10 11 12 13 _14
M,, [GeV]

more details in arXiv:1206.6326

selection:

* dimuon trigger with muons p;> 3.5 GeV,
p(1p) > 6 GeV and 5.55sM <14 GeV

Hu=

* two isolated and opposite
charged muons p;>5.5GeVand |n| <2.4
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Upper limit on 6(pp— a — nu) [pb]

— Observed CMS preliminary,\'s = 7 TeV
8 Expected + 1o Ly = 1.3 fb™
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14 — —
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4 =
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Next-to-MSSM a1->u+u'l

s [T T RARRE AR (R LR
© ATLAS Preliminary
selection: f,’, 10t Vs =7 Tev det-39 pb” i
» dimuon trigger with muons p,> 4 GeV % - 22ld.0f.: 1.7 E
* two opposite charged muons within |n| < 2.5 e | i
* Likelihood Ratio method used to reduce T
background from muon pairs not coming from
the decay of a single particle: 10°
- x%/ndf of the dimuon vertex fit
- E;cone20/p_(.) for each muon
with E;°"20 - calorimetric transverse energy in a \/ L\
cone of size AR = 0.20 around muon direction 6 65 7 75 8 85 9 05 10 105 1f
mw [GeV]
8 ook ATLAS Preliminary i3 3 T ATLAS Pt T T T
1600 f Ldt=39pb 3 reliminary
: Ns=7TeV P 2 10tk N5 =7 Tev Ldt=39pb" | |
‘," % E x?/d.o.f.: 1.3 E
g —— Observed limit £ [ ’
g==s  Expected limit w |
10°
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ext-to-MSSM h 1,~>3,3 ~>4u

e double muon trigger

e at least 4 isolated p with

pr > 8 GeV and |n| < 2.4, one of them with
* NMISSM: Higgs can decay into an
intermediate pair of bosons (a,)

- CP-even Higgs bosons: h,, h,

(one is SM-like Higgs boson)

- CP-odd light Higgs boson: h, ,-> 2a,
- large BR(a;->2y) for 2m <m,;< 2m_

pr>17 GeVand |n| <0.9
e data driven background estimation
e more details can be found in arXiv:1210.7619

CMS 2011 {s=7TeV L, =53

D
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obtained from bb enriched samples CQ 20 e 8612 ; |
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. = - g Mk : E
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- By7.g fOr my w Ut * + H .
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ext-to-MSSM h, ,»a,a~»4u

CMS 2011 Vs=7TeV L, =53fb"

* sum of bb and direct J/ pair
production
* including muon isolation

Ll
m,: a muon with p; > 17 GeV

* 3 events in the data

(empty circles) that all selections
except signal requirement: 0.5
Ll L,

Adrian Perieanu Higgs and Beyond 6th June'13, Sendai
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Interpretations

DARK SUSY:
* lightest neutralino n, no longer stable:
Ny = VpNp

* NMSSM:
- CP-odd light Higgs boson: h, ,-> 2a,

- 2mu<mal< 2m_ |
Yp — dark photon, ny— dark fermion

e assumption y,decays only in SM particles:
Vo 2U U~ with BR.=45%

e analysis of 2012 data
will be released soon
CMS 2011 Vs=7TeV L_=53fb"

int

E 8 Mrrprrrrrrrr ] - 25 — -———m - - T
= - NMSSM 95% CL Limits: . ?. B Dark SUSY 95% CL Limit: 7
’5\. v - . . ma1 = 3.55 GeV/c? ] N : - mYD =0.4 GeV/c? :
ol E — m, = 1 GeV/c? E -\ — Prediction with 6(pp — h)=GSM, .
e —a-m, = 0.25 GeV/c? E T 20 ~ \ B(h—2n)=1%B(n =7+ np)=50% |
_F — Prediction with o(pp — h )=c,, - S8t \ and By, — 2u) = 45% -
S f B(h —2a)=3%,B(a,—>2u) =7.7% 1 & L \ i
8 5 2N . m _ |
P s ] a [ i
— 4 — — cC B ]
cf\lﬁ N ] oV i i
N ] +D L _

T 3¢ E >~ T 1
N ] N i i
<o 2r . T ]
1 ; . < N __
Q ba E T 0 1
\6 0-||||||||||||||||||||1|||||ll|llll|l— 8: 0_111|1|1||11111|1||11111|1||1|111111—
90 100 110 120 130 140 150 \b’ 90 100 110 120 130 140 150

m,, [GeV/c?] m, [GeV/c?]
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—Next-to-MSSM h, ,»>a,a~»4y

event selection:

* diphoton trigger with E; > 20 GeV for each
leg: lowest efficiency 96% for m,; = 400 MeV
* two isolated photons:

* shower shapes variables:
- sensitive to overall width in nand ¢
- measure properties of inner structure

* F..4. : energy fraction leaked outside
the central core of three cells centered
around the most energy in cluster

(within 7 cells)

E; > 40 (25) GeV leading y (sub-leading)

In| <1.37 && 1.52 < |n| <2.37

* 2 photons from a, decay often collimated:
- identified as single photon

.'(L) 4000: | [ | ] /_c\ 1 E T T T T T T T T T T T T T T T I T E
§ N ER - m,=125GeV ]
- SRR e - ATLAS Preliminary ~ SMH-vy -
3000 (m_=400 MeV), <m> = 122.8 GeV 3 8 1 Simulation : ﬁa - ;gg m:x

25003_ [ (SMH = yy), <m> =124.1 GeV _f = 10 E— e, = 400 MeV _é
- 1 o n -
2000F 4 32 B 1
C a ..E - i
1 500E ] w 1021 _
1000 ATLAS Preliminary = - .
5005 Simulation 3 B ]

g: >l s _ 10.3 A Y oo

0 100 110 120 130 140 0.2 0.4 0.6 0.8 1

m'y'y [GGV] Fside
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—Next-to-MSSM h, ,~»a,a~>4y

*115<m,, <140 GeV limiton o x BR = 0.1 pb

* outside above mass range: limit on c x BR = 0.2 pb

more details in ATLAS-CONF-2012-079

% 2000: T T T L LN L L L L Y L B L B B I B .1| ] SI :l LI I L L L L L L L L L B Y L l:
(©) 1800 ‘_ —+— Data 2011 §/s=7TeV) [Ldt=49f0 - & 0.8— =
2 1600 Sockgeundlode (9 =02%0) & F  ATLAS Preliminary M= 100 MeV E
g - e Signal (M =125 GeV, M, =100 MeV) | L e Observed Limit ]
LI>.I 1400F - - .. Signal(M=125GeV,M =200Mev) —| 1  oeF e Expected Limit 7
- A H n 18 - 1 -
- N Signal (M =125 GeV, M, =400 MeV) 2 - +10 .
,:“‘”"-. . 7 c = -]
1000~ § 3t ATLAS Preliminary 32 0.4F E
- 'i‘ 1E T .
800~ = - .
- Y 13 03F =
6001 " R - ]
- 18 o2 =
400 - - ]
- 0.1F 3
200 | | | l | - =
l I I l I I l I I l I I I I I l I I : I l : l I 111 I | | | I | | I I | I 1111 I 111 I 111 | 1111 I L1
100 110 120 130 140 150 1€ 0 110 115 120 125 130 135 140 145 150

m, [GeV]

m,, [GeV]
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_hldden sector: h—2f,2y,~4u 2fOll

Higgs decays into a new hidden sector of particles
* final state with two sets of collimated muon pairs:
lepton jets

* event topology: 2u + 2 from displaced vertices

- in yp decay AR < 0.1 for the 2 muons, smaller than

L1 granularity
event selection:
* three muons trigger with p; > 6 GeV

T lIIIIII| T 1T

(6)]
o

T IIIIIIII T IIIIIIII

[\o}
(@)

T T I T T 1 T | T T T T I

expected + 2c (stat.+syst.)

expected + 26 (stat.+syst.)

. expected+ 1o (stat.+syst.) . expected+ 1o (stat.+syst.)

------- expected limit
observed limit

-------------- 6><BR(H—>ydyd+X) =

ATLAS

------- expected limit
—— observed limit
.............. oxBR(H-y v +X)

ATLAS

excluded ct:

* m,, = 100 GeV

- BR(100%) 1 < ct £ 670 mm
- BR(10%): 5<ct<159 mm
* m, = 140 GeV

- BR(100%): 1 < ct < 430 mm
-BR(10%): 7<ct<82 mm

G _
Sm =Ggm

w B
o o
T T | T T T T | T T T T |

1 1 I | | | 1 I |-

N
o

\s=7 TeV, j Ldt=1.91f0"

-
o

T T T T I T T T T I T

=7 TeV, J Ldt=1.9f0"
my, = 100 GeV

95% CL Limit on 6xBR(H->y y +X) [pb]
95% CL Limit on 6xBR(H—y v +X) [pb]

my, = 140 GeV

—
o
(&)

| 1 - I 1 1 1 1 I 1

)

I—IIII

OI 1 | Ll 111l L 1 ]]]]||| O II| 1 1 IIIIII| 1 l IIIIII| 1 l L1111
more details in arXiv:1210.0435 1 10 102 10 1 10 102 10°
Dark photon ¢t [mm]

Dark photon ¢t [mm]
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@ hidden sector: multi e-jets

Higgs decays to hidden-sector particles R = ) e
* two topologies: 3-step and 2-step cascade ¢ | /,%Wwwzgﬁectron jet
* for y, below 210 MeV: y,->e*e” BR: 100% l, g+E'e°"°”Jet |
* signal: ::" K
- at least 2 electron-jets with N, > 4 each “
Electron jet i
L

T

4

> -
o -
N

. Electron jet

(anti k; with R=0.4)
* results robust with respect to masses of
hy1, hg,and ngif m <<m,

+

®,® ® ®

T

® D ® MO @D O 0D

% 10_I T | T T T T | T T T T T T T T | T T T T I T I_ % 10_I T | T T T T | T T T T T T T T | T T T T I T I_
© - ATLAS - © - ATLAS -
mH=1ZSGeV a\ i —e&—— Observed ] ,-;\ i —e—— Observed .
mvd=1oo MeV % I Expected 2011 Data, \s=7 TeV _‘11 R Expected 2011 Data, \s=7 TeV 1
7 [ +6 JLdt =2.041b" 1 [ +6 det —2.04 1"
T 1 T 1
* 3-step model: = [ J=o = [
N _11 3+1 O+O 6 aq ___ o Observed (3-step model, m, =200 MeV) o ___ o Observed (2-step model, m, =200 MeV)
exp.~ — 2=+ UZU. S Fremeegee E L TS E
. 2-step model: = x ] = x Signal model: 2-step, myd_100 MeV ]
= + + = i ] = i ]
New=16.2¢1.2:0.9 [ - 1 E :
0 i . I i
Npy=0.41#0.29:0.12  hJN 1 2 T :
N Signal model: 3-step, m =100 MeV PN
N :1 Lo v, To]
data » 10.1 [ | Ll I [ I L1 I [ | [ o’ 10-1 [ l [ | | AT T N A RN TS N NN SO N MRNAN MR
100 110 120 130 140 100 110 120 130 140
m,, [GeV] my, [GeV]
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fermiophobic model

* H->yy increased by an order of magnitude

* Higgs boson does not couple to fermions: T T O e ——

- gluon gluon fusion: negligible

- only VBF and VH from H->yy used

* limits:

- 95% CL excluded for 110 < m;< 147 GeV
- 99% CL excluded for 110 < m < 134 GeV

- VBF and VH (V: W, Z): unchanged from SM
- significantly increase of BR for:
H->yy, H->WW and H->ZZ

i ||||I||||Ill||I|||||||||I||||'||||I|||| I1_5_|C||MISIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
...... E d o | o
bu' 10:—CMS 1 _O);pectzd = bLL | fs=7TeV,L=511b" _ 68% CL band
= — E=7Tev, L=5.1 fb serv - ~~ = »I§=8TeV L=53fbh"
© - 4 | ticExpected) 1 © 1 :
c [ 15=8TeV.L=53M t20Expected | = T
L —4 L *g)_; -
E 1 D 0.5-
— - = B
O n . -
o\o | | L
Yo _ _
(@)} L _
10™ E
- E more details in arXiv:1302.1764
Lo b b b b b b L gl b b v b b g by gy
110 115_120 125 130 135 140 145 150 1110 115 120 125 130 135 140 145 150
FP Higgs boson mass (GeV) FP Higgs boson mass (GeV)
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fermiophobic model

event classification in nine categories:
* impact point on the calorimeter
* photon conversions

event selection:
* uses advantage of high p; of Higgs boson
(production mechanism VBF and VH)

* pr,: diphoton transverse momentum
orthogonal to the diphoton thrust-like
axis in transverse plane

* diphoton triggers with E;> 20 GeV
signal efficiency 99%
* two isolated photons:

- . o~ Y1 72
E; > 40 (25) GeV leading y (sub-leading) o7 « 7l with £ = Py 7Py
pre = [P’ X t| Wi — Tpl—_p72
|r]| <1.37&& 1.52< ||’]| <2.37 P P
800 [ T T T T | T T T T | T T T T I T T T T | T T T T I T T T T 1 120 | T T T T T T T T T T T T T T | T T T T T T T T T T T T T T |
E E ATLAS Low p, categories + converted transition - E — ATLAS High [ categories —
700 — o - -
3 4 e  Data2011 - 5 100 e  Data2011 -
& 600 Background model — 5 - Background model _
o = Fermiophobic Higgs boson - o S, Fermiophobic Higgs boson =
soF. N T m,, = 120 GeV (MC) = 80 m,, = 120 GeV (MC) —
400~ s=7 TeV,J- Ldt=491b" = 60— s=7 TeV,I Ldt=49f" ]
300 E— —E 40 :_ + i
200/ — N
- - 20—
100— — -
- : s : : = -
[®)] = = o =
@ 505 + = @ -
s 0 g
S 50 a
-10 PR R S T ST S SO A S S S S NN ST ST SO S T S S -4 R R S S S S S NSNS S S S SO SO S NSS!
900 110 120 130 140 150 160 ‘POO 110 120 130 140 150 160
m,, [GeV] m,, [GeV]
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fermiophobic model

* combined p0 value: minimum at 125.5 GeV (30)
- including photon energy scale uncertainty: 2.90
- considering look-elsewhere effect in 110-150 mass range: 1.6 o

* SM search with same data set and selection: 1.5 6 (126.5 GeV)
* excluded fermiophobic Higgs boson masses:
110.0 GeV to 118.0 GeV and 119.5 GeV to 121.0 GeV

o 1_ |||||||||||||I|||| = _|II|I|III||IIII|IIII|I|IIIII|I

E- %I T I T T 17T 1T 17T | T T1TT I L I T I% %u— _ Observed CL Ilmlt :
S C 1e  BEBEeVee - Expected CL_limit ]
3 o 2 W+ic ATLAS
e = = +
107 =E 10 ©
2le} _ d ]
102 i = i
= " - - 3 m ]
. 2011 data J‘Ldt =491 1°
108 ¥ — | =g i =
= .." Observed p, (all categories) E — Data 2011, \s =7 TeV ]
- = = = = Obs. Py (with energy scale uncertainty) - ;iF_ 1 i
B - Obs. p, (High p_ categories) 7] = Ldt=49fb -
10'4 E e 1 ODS. Py (Low [ Conv. transition) = = .
= § 0 mrmmanes Expected p ) with signal (all categories) - T | FermlOphc|>blc H— ’Y’Y | |
_ ] 1 = 3 1 L1 1 11 1 11 Ll 11 1 1 1 L1 1 1
o s s o s s 1Mo 1M 120135 1897 185 140 145 150
m,, [GeV] my [GeV]

more details in arXiv:1205.0701
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SM 4 generations

sensitivity:
* H->tt for m,; <135 GeV

* H->ZZ and H->WW

for 135 <m, <150 GeV

* H->WW for 150 < m,, < 190 GeV
* H->ZZ for m,, > 190 GeV

more details in arXiv:1302.1764

SM4 benchmark:
*m,=m,=my =600 GeV
*m,-Mmy,= 50+10*In(m,/115) GeV

used channels:

*H->tt ey, MY, €Ty g MThag

* H->WW : 2| 2v

* H->77 : 4l, 2| 2v and 21 2g(jets)

I 10:IIII|IIII|IIII|IIII|I """"""""" ] q)
<z - (s=7TeV.L=511fb" Expected (68%)|. 1072 .
% §=8TeV,L=53fp! |~ Expected (96%) Y
c T i < 10%F
o O =
= T 5 S10%E
g E ? Combined obs. §
. . ] Exp. for SM4 Higgs boson
O 19 fE H— 11 ?40
& 107k 10‘5E — Howw -
o)) - 3 —_— Ho2ZZ .
. 10°E% E
- : SR CMS —3°0
i i 107 N, (s=7TeV.L=51f" -
102 — - i Vs=8TeV,L=53f" 3
Fov b b b b B 003 10'8—tllIII?‘II|IIII|IIII|IIII|IIII|IIII—
10 115 120 125 130 135 140 145 110 115 120 125 130 135 140 145
SM4 Higgs boson mass (GeV) SM4 Higgs boson mass (GeV)
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—_
(@)

—

95% CL Limit on o/cy,

—
Q

107

more details in ATLAS-CONF-2011-135

Adrian Perieanu

SM 4

 excluded at 95 % CL for Higgs masses

between 119 and 593 GeV

;4'II'LIAS IPrlelllrrlnna}yl ;. CLs Il_|n|1|tsl o
— Observed 4" Generation Model
---- Expected J'
W+ 1o Ldt = 1.0-2.3 fb”

\s=7TeV

L 1 ||

200 300 400 500

Higgs and Beyond 6th June'l3, Sendai
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event selection:
* single and double leptons triggers * topological cuts
- signal efficiency: - E;miss > 90 GeV

100% for Z°-> e*e” and 95% for Z°-> p*w - Ad (E;™** p,;™=%) < 0.2 rad
* lepton selection -Ad (2, ™) > 2.6 rad

- two isolated opposite charge leptons with -Ad,<1.7rad
p;>20GeVand |n.| <2.47 while [n | <2.4 - |E;miss - p ] /p; < 0.2
-76 <m;< 106 GeV - no jet with

- veto on third lepton with p; > 7 GeV p;>20GeVand |n| <2.5

% B rrr[rrrrjrrrrJrrrr|prr1rr[rrrr[rrrr 1 oo ] % 50 :rﬂ_ﬁj_m—rl_mjﬁ_ﬁ_rrﬁ_ﬁw
g | ATLAS Preliminary \s=7 TeV ® Data I L=47f" ] g | ATLAS Preliminary \s=8 TeV ® Data IL =130 i
Y| nz Wz - 9 40 P mz Wz —
o B H Top " WW i 2] B H Top " WW ]
o - P mZzz ] o - mZzz ]
o 15 — I -+ Signal (SM ZH, m =125 GeV) — o 30 — -+ Signal (SM ZH, m =125 GeV) —
101 - 20 -
s- L 1 b .
B = : : ...... m==s - J P ‘:

0 50 100 150 200 250 300 350 400 45 00 50 100 150 200 250 300 350 400 450
ET [GeV] E™ [GeV]
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Z(Il)H decaying invisible

what is invisible? 700 ATLAS PRGN ... 4, BRZH N
e SM: H->2Z->4v (SM with BR ~0.1%) sol \s=7TeV, [ Lat=4.7fb" —— Observed

: : , i \s=8TeV, [ Ldt=13.0fb™ _.._.. Expected
* BSM: Higgs decays into a pair of LSPs
- Higgs decays/oscillates into graviscalars
- Higgs decays into dark matter particles

- t1o
I:I +2c

50
40

limits: 301

|IIII|IIIIIIIIIlIIIIlIIIIlIII—l—

S
20 N
~
~
N
~

95% CL limit: 6., xBR(ZH-ll inv) [fo]

* on 0, X BR(ZH-> Il inv.): no excess
observed between 115 and 130 GeV o= T
. L LT T e
* on BR(H->inv.): 120 140 160 180 200 220 240 260 280 300
< 65% observed and < 84% expected my [GeV]
d I T 1T T T rT T T é E I T T T T E
T 1 3 . — Observed = N g — Observed .~
- \ 3 - -E - Expected E
| 68% CL | 6F =
- ATLAS Preliminary 3
107k = St ZH-ll(inv) =
- 95% CL . 4 \s=7TeV, [ Ldt=4.71b" =
- ATLAS Preliminary § 3 \s=8TeV, [ Ldt=13.0fb" =
B o) h C .
ZH-lI(inv) 65% | o E
\'s=7TeV, [ Ldt=4.7b" = _ :
102 \'s=8TeV, [ Ldt=13.0fb" E = =
- | Lo Lo 0 | TR | 1 L L . 0: |- »---1"']'—--1- TR | ! | y ! T A .
0 0.2 0.4 0.6 0.8 1 0 0.2 04 06 0.8 1

SRl more details in ATLAS-CONF-2013-011 ity
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exotic intermezzo

/ what we have seen so far:

* short overview of MSSM

* NMSSM searches for:

- A >utW

- h, ,->a,a,->4p

- hy ,->a,a,->4dy

e dark SUSY:

- hy ,->2n,-> 2y, 2n, >4 2n,,
* hidden sector: e- and p-jets

» fermiophobic model
\'\SM with 4t generation

~

/

Adrian Perieanu

what we can still see:

* minimal type Il seesaw model:

8 cDii
* Higgs boson rare decays:

= ZOV
* few more ideas
e “summviewlook”

Higgs and Beyond 6th June'l3, Sendai
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N events / 20 GeV

double charged Higgs

minimal type Il seesaw model:
» an additional scalar field, triplet under

SU(2), : ®*, ®* and ©°

with U(1), hypercharge Y = 2
* test neutrino mass generation

* production processes:
- O™ ® " pair

- O** @ associated production

selection:
* 2p; leptons as function of mg,
» Z%veto

* missing energy in transverse plane

* AP for &

* data driven methods to estimate bkg.:
side bands, ABCD (4t and 3t final state)

CMS Preliminary /s =7 TeV, | £L=4.6 fb~ CMS Preliminary /s =7 TeV, [ £=4.6 fb~!
4 T T T T ] T T T T
10 (; |—e— Data q ;| —e— Data
W ¥+ ;|- 7" +jets Iy gtt o |- 7' +jets
. < | wvaets < | VVsets
10 o " risjets E 101 [ ' risjets
<V5 mmm Single top (;| mmm Single top
—— Signal (350 GeV) % —— Signal (350 GeV)
107 O]
o
d 0
C
)
o
10° z
107!
10!

100 200 300
m((£6*) [GeV]

Adrian Perieanu

400 200 100 200 300 400
m((£(*) [GeV]
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double charged Higgs

* BP1: a massless neutrino,
normal mass hierarchies

Branching fractions of ®** for the 4 benchmark points

« BP2: a massless neutrino, Benchmark point | ee | ey | et | up | utv | 17
inverted mass hierarchies BP1 0O |0.01]0.01]|030]|038]|0.30
BP2 1/2 | 0 0 1/8 | 1/4 | 1/8
* BP3: degenerate neutrino BP3 1/3 0 0 1/3 0 1/3
mass spectrum (0.2 eV) BP4 1/6 | 1/6 | 1/6 | 1/6 | 1/6 | 1/6
* BP4: O** with equal BR to -
each lepton generation. observed limits:
Benchmark point Combined 95% CL limit [GeV] 95% CL limit
for pair production only [GeV]
B(®" " —we'e’)=100% 444 382
B(®H+ etut)=100% 453 391
B(®t 5 efth) =100% 373 293
B(®++ — ptput) = 100% 459 395
B(®t = ptth) =100% 375 300
B(®'" - thth) =100% 204 169
BP1 383 333
BP2 408 359
BP3 403 355
BP4 400 353
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double charged Higgs

B(d* — ptp®) = 100% B(®** — ptp®) = 100%
CMS /s =T7TeV, [ Ldt =49 fo? CMS /s =7TeV, [Ldt =49 fo!

10

\ ~ - Dxpeciad imil (253003 production)
10_1 S~ — Obsarved limit (associated production) ||
3 s —  Associated production cross section

E \\ """ -
% i ; ; -
b

10_2 H H ‘Z

150 200 250 300 350 400 450 500
Mass of &= [GeV]

1071

95% CL upper limiton o /o ..

10—1 -\E E E - Ex'pewdltrﬁmu-proam' ) I
F \ — Obsarved imit (pair-production)
—_ —  Pair-production cross section )
o) 2 T~ 10
L 10 = =lcbang
% 3 +20 bang
© 1073 1 ATLAS exclusion (1.6 ) []
<) EE Tevatron exclusion 1
1 e 1078 T oemrnaimt omoees
1077 — Ovsard limit (combinad) H
150 200 250 300 350 400 450 500 ; 200 250 300 350 400 450 500
Mass of &+ [GeV] Mass of &+* [GeV]

o> efet, OF -> eff, more details in arXiv:1207.2666

q)ii -> ei-ci" (Di‘i -> ui-[i’ (Di‘i‘ -> -Ei'-[i'

Adrian Perieanu Higgs and Beyond 6th June'13, Sendai 30



double charged Higgs

ATLAS —+4- Data 2011

> - H

Q o -

' = .

o — —

- only H* prompt decays: ct < 10 um < - det=4.7 for! [ Non-prompt - 3
% 50 Js =7 TeV [ Charge flips 3

a = - [ ]Prompt 3

2an- - ete’ =

* event selection: § 4of [ H= 250 GeV
- single lepton triggers with g 30F- [_|H" 300 GeV S
= [ ]H™ 350 GeV -

> - L ]
pr > 18 (20 & 22) GeV for u (e) 20F- [+ 400 Gev

- leading p; lepton with p; > 25 GeV, while
next-to-leading lepton with p; >20 GeV .
-m, > 15 GeV and for e*e* 70 < m, < 110 GeV 00 — '16()' 500 — 3 400 500 600
excluded due to charge misidentification m(ee?) [GeV]

10

> 40 __ I T T I T T T T I T T T T I T T T T I T T T _t % 80 _—l T T T I T T T T l T T T T l T T T T l T T T T l T T T T —':
& - ATLAS +-Data2011 3 @ = ATLAS ~4-Data 2011 3
2 %F JLdt _471 CNonprompt 3 2 7OF JLdt ~ 471" [JNon-prompt 3
g 30 - [_]Prompt 4 o 605 Charge flips =
= - Ns=7TeV e Gev 1 & - s =7 TeV = ge 1lip E
S ogp ot [ ]H" 250 GeV 1 & gE ot [ ]Prompt =
S Lf s |_|H"300GeV 5 g = H [ ]H™ 250 GeV -
= % [|H7350Gev'd @ 401 [ H™ 300 GeV =
15E- |:||-ff*4ooaev_; 30E- .
oF E 20 :
5 [ . —E 10 —
P T W T NN S N S . ML LAY, y - '. [
% 100 200 300 400 500 600 o) = I

m(u**) [GeV] s
m(e"u*) [GeV]
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double charged nggs

T | \l l;._l T I T T

e AL A B B s s
—— Observed 95% CL upper limit

-- Expected 95% CL upper limit
- Expected limit + 1o
[ ] Expected limit + 26
——ol(pp » H" H_), BR(H - e*e*)=1
== olpp - H;’ H), BR(H:”—) e'e’)=1

* couples to either left- or right-handed

fermions 10

T IIIIWI IIIIII_

* in left-right asymmetric models the two

o(pp » H™ H )x BR(H™ — e“e?) [f

cases are distinguished: H**and H;** 1E
- JA_\TLAS .
[ |Ldt=4.7 b i
. O'(HL++H|:")/ O-(HRHHR- ) = 2.5 - \Ns=7TeV n
(due to different couplings to Z boson) 1071 bt
m(H) [Ge
1T T T T 10‘"|‘,;_'."|""|""|""(|')'["V]

— Observed 95% CL upper limit
== Expected 95% CL upper limit
[ ] Expected limit + 15
[ ] Expected limit + 26
—— o(pp — HL” HO). BF‘(HE*—> prp)=1
== olpp > H Hy), BR(H " pip)=1

—— Observed 95% CL upper limit -
== Expected 95% CL upper limit -

[ Expected limit + 1o ]

[] Expected limit + 26

—— o(pp = H:' HD), BR(HE*—) e ut)=1

==-olpp - H;’ HZ), BR(H?—) e t)=1

10

o(pp —» H™ H )x BR(H™ — p*u?) [fb]
o(pp — H™ H )x BR(H™ — e*u*) [fb]

1 — 1=
- ATLAS - ATLAS
N JLdt =47 " B J-Ldt =47 "
-~ Ns=7TeV .~ - \s=7TeV
10'1 PR T N SN TN TR (N TN T T S AN T T TN TN Y ST SO TN e (S ' I 10-1 7 oy Yo ?‘I L
100 200 300 400 500 600 100 200 300 400 500 600

m(H™) [GeV]
32

m(H™) [GeV] Eur. Phys. J. C (2012) 72:2244
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Higgs rare decays:

for m,,=125.5 GeV everything below * BR(H%->Z%): 1.58+0.14 * 103

* BR(H->p*w): 2.17+0.13 * 104
* BR(H®->e*e’): =5 * 107

predicted BR(H?->yy):
2.28 £0.11 * 103

o 1 T ] ‘ 12 o Iy T —— 33
2 [ b WwW - N I
> 1§ 10— - 8
£ | ZZ s 21UE ~ ["viv ¢
-‘Cé 1 g 5 2: L e'v eV, 13
g 10 ~ —f 510 3 €"VeU'V,, E

1 @ A [ °

" R VAR e

) e'e -

- "

Y Y ! o

10°5 ...//..1.. \ N\ o VTV?’V‘."VT._
100 120 140 160 180 200 150 500 550

M, [GeV] M, [GeV]

more details at https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBR2
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Higgs rare decays: Z%

event classes:
selection:

e dilepton triggers

 two opposite charge, same flavor and

* both leptons and y in barrel region:
- c1: high R, (best S/B)

- c2: low Ry

isolated leptons with p; > 20 (10) GeV
and [n|<2.4 (2.5) for u(e)

* isolated photon p; > 15 GeV & |n|<2.5

with Ry: ZE of 3x3 ECAL crystals around most
energetic one

* c3: one lepton in endcap, y in barrel region
* c4: both leptons and y in endcap region

CMS Preliminarv H — z Y 2 40 T T T T T T T T | T T T T I T T T T I T T T T | T T T T
- (s=7TeV,L=5.01fb" — CMé Preliminary i — Observed -
1600 - s=8TeV,L=19.6 fb" B 35 Ay = T TeVobrm 50 b . —
La0oE- Electron + muon channels /M : TeViL Lo erpll | Ban coiamEApectes :
- e X 30 PN — ....... e — - Expected = 10 ]
- Data ) Electron + muon channels Expected + 2 6 3
S 12001~ —— Background Model \d 25 apected =2 =
¢ — . = - PR eesssssacssassansans _;.
g T :_ — Signal m, =125 GeV x 100 § E
Q) - E ] e _.:
g 600 : é 15 ........................................................................................................... —‘:
w U =
400: 10: ''''''''''''''''''''''''''''''''''''''''''
T—— ;
200 5?: H H H 0 _§
— r 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 H

Q0 77110 120 130 140 150 160 170 180 ?20 125 130 135 140 145 150

soon also H->pu will be released my, (GeV) my (GeV)
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) * electrons:
event selection:

* single- or double-lepton triggers

- efficiency: 99% eey and 92% ppuy
(reduced geometric acceptance for muon
triggers |n| < 1.05)

pr>10GeV and |n| <2.47
* photon:
E; > 15 GeV and

In] <1.370r1.52< | n| <237
AR > 0.3 with respect to e and u
* muons: * m,, corrections:

p; > 10 GeV and |n| < 2.7 spectrometer - n¥ & E;¥ recalculated from PV and

p; > 15 GeV and |n| < 0.1 calorimeters v impact point in the calorimeter
- m, constraint kinematic fit

> _I L I L I L I L l T 1T I L I L I T I: > jrh_'ﬁ_r'_'_h—[_'_rm_h_'_'—l_h_'ﬁ—'_r'_'_rrm_'—'_'_'_'_:
S 300 ATLAS Preliminary 1 & 350 ATLAS Preliminary E
3 - —e— Data 2012 1 % 300F + —e— Data 2012 =
5 2504 w B : -
z L Ny, H—Zy (m =125 GeV, cssm><20)E L% os0 Mgy e H—Zy (m =125 GeV, GSMXZO)_:
200F- ] : .
u 7 200 —
1501 t+ = - t -
- 5 150F =
100E- . 100F 1
50 Is=8TeV, JLdt =20.7 fb", Z—ee 50:_ \s=8TeV, ILdt =20.7 fb Z—up
- s 7195 events ] - 8393 events .
O_L et T Ve b b b b T O_L loal ....r-i":": | :--l"l--l oo o o Lo by Ly by ]

25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60

Am [GeV] Am [GeV]
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— Higgs rare decays: Z%

* expected p, between 0.40 and 0.46 for 120 < m,, < 150 GeV (=0.25 o)
- po = 0.443 (0.14 o) for m, = 125 GeV
* observed p, compatible with background only:

- smallest p,: 0.042 (1.61 o) for a mass of 141 GeV.
- po = 0.188 (0.89 o) for m, = 125 GeV
* expected and observed limits for m,, =125 GeV: 13.5 and 18.2 x SM

QO 1 0 E I I | I I I I | LI I T | I LI I | I T I | I I T I E 45 : T : I T : r : | . : r - I T T T T I T T T T | T T T T
o Ldt=461f",{s=7TeV ——Observed p_J B - — Observed
- .[ S Expected p : - 40 J Ldt=46f",1s=7Tev. Expected
_ JLdt:zoJfb V5 =8TeV o J-Ldt=2o.7fb",is=8Tev Bt 1o
ATLAS Preliminary 35 + 20

lIlI|

ATLAS Preliminary

Y
i Q
|

10"

T T TFTTIT
1 1111l

i
95% GL limit on o(H-2y)/o,, (H-Zy)

10—2 [ T T T R T
120 125

1 L1 |
130

. |
135

140

Ll 0 S M i e s Sk St i s et et v oy el v ey ettt Sl Sl Wl e e Sl N
145 150 120 125 130 135 140 145 150

* data - background-only compatibility My [GeV] my [GeV]

hypothesis quantified by p-value of
u = 0 hypothesis: p,

more details in ATLAS-CONF-2013-009
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from exotic searches: Grawton

@ o in range 0.047 to 0.021 pb; k/Mp; in range 0.11 to 0.29 0.05

_l | T L I T T T l T L l T T | L T =
o MOdels. E g Z(vv)+jets E
o W(lv)+jets -
9 graviton propagates in the extra dimension, leading I ot ]

to a Kaluza-Klein tower of states > o S uzsocen.km, =02
9@ parameters: Mg and k/Mp; (ratio of the 5d 3 0 CMS Preliminary 3
curvature to reduced Plack mass) 3k [ra=armt m=rrev
@ final state: o | |
G* — Z°Z° — qqui S 10 H E
- - : > .
ME = \/2p’.;.’tE.’}"55(1 — cos Ap(jet, EI=)) L i
@ Background Contributions: 1 _
. 0 - . - 3
: tzf _*Ww T/"/;V Z+ZnJ B = 1000 1200 1400 1600 1800 2000
' ' ' J Jet-MET Transverse Mass (GeV)

03 o cnlns Prellmlna& e

@ Event Selection: - i sz ety .
0.25— 1. 5.41) ]
@ only 2 jets with Ap > 2.8 (veto QCD) oo - i
@ leading jet pr > 200 GeV/c and m; > 70 GeV/c? 0.2 —— ATLAS (e, 108t s, 120) h
@ EP™ > 300 GeV and M{ > 900 GeV/c? g [ e :
@ veto on isolated e or p (veto W — £v) 205 [:J::sq“:mm":b’ =
Limits at 95% C.L. for M¢ € (1000; 1500) GeV /c? M B

o
Gt
~~~~~
e
rl

R T
* similar analysis is now performed in CMS, but with: Graviton Mass (GeV)

G*->HOHO%-> bb yy - soon results to be released
Adrian Perieanu Higgs and Beyond 6th June'l3, Sendai 37



e Higgs decaying to
Dark Matter candidates
e MSSM h° decaying

I toLSP
e extra-dimension Higgs
decaying to neutrinos

NMSSM: h -a;a;>T, T, +X
* T, reconstruction to
be re-thought due to
dedicated new group in CMS: the boost from a,
Higgs Exotic
e Radion/Graviton2hh=2YyYbb e together with final
e h2uT and h>eT (LFV) state topologies as 4T,
e heavy H2hh 212b and 4y will complete
e VBF with H inv. the NMISSM picture
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out

“summ view look”

over

* short overview of MSSM )
* NMSSM searches for: job, but not yet perfect

* MSSM: we need more statistics and

- AU new channels for tanp < 10 (even < 1)
-hy,->a,3,->4p and to go away from m, max scenario
) h1,2‘>a1‘3‘1'>4\/ * NMISSM: there is a wide campaign to
* dark SUSY: try to close its phase space too, more
- hy ,->2n,-> 2y, 2ny ->4p 2n,, analyses to come in the next months

* hidden sector: e- and p-jets * re-adjust exotic model searches to

« fermiophobic model incorporate the discovered Higgs

. th .
) SM Yv'th 4™ generation " * we need to push further the limits
* minimal type Il seesaw model: ®** in the invisible spectrum of Higgs

* Higgs boson rare decays: Z°% decays, because
* few more ideas
as long as there is a

* combination of the CMS results presented at Moriond corner not looked af
sets limits at 0 < BR;,,, < 0.64 at 95% C.L (CMS) we don’t give up!
* SM expectation on 95% CL contour of best data fit in -

signal strength plane (ATLAS)

Higgs and Beyond 6th June'l3, Sendai
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back-up



dimuon spectrum

> J/
§106 np’m¢ v
0 = ' Y
§105 v
L
10* 5
10°
102
CMS
0 s=7TeV
_ -1
1 Lint_40pb “
Ll I Lo gl 1 Lo gl ||
1 10 102

Dimuon mass (GeV/c?)

ﬁ
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miss

physics objects: e, T, jets and E,

T lepton: hadronic decays

& ECAL * Gauss Sum
X GSF Track [ surace

Function

® coverage: 3 hadrons
In| <1.442 &

1.556 < |n| < 2.5
* energy

Ext:‘apolated resolution: hadron+str|p(s)
"""""" track tangents
3%/VE /GeV e coverage: |n| <2.3 *energyscale:<3 %

CMS preliminary, s=8 TeV L=07fb1 | /| - ng Ene rgy in
¢ RunAData 2012 Mean = 18.33

expZopw RMS =10.97 Tra nsverse plane

[ exp. Background Mean = 18.76 +0.94
|11 Sys. Uncertainty RMS =11.35 +1.57

miss

E-

e in CMS:

negative vector
sum of all particle
candidates
reconstructed with
 the PF algorithm

e PF algorithm reconstructs and identifies all
stable particles within the detector
* builds jets with the anti-k; alg. which are

infrared & collinear safe
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SM production channels

* gluon-gluon fusion

* cross-section expectations for Vs =8 TeV

h 0°

.8_ \/§= 8 TeV

: : H(NNL §

P O+, LL co, g -
f 10 Nog), g * VBF production

" (2 energetic forward jets)
Q.

e

c 1

e associated production
(additional W or Z boson)
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M, [GeV]
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FeynHiggs

MSSM modified scenarios

Mhr-mod- scenarig

Mhr-Mmax scenario Mnr-mod+ scenaric

s 120 130 140 150 160 170 180 190

s 120 130 140 150 160 170 180 150

s 120 130 140 150 160 170 180 1%0

m, [Gev/c’) m, [GeV/c?) m, [Gev/c?)
my = 173.2 GeV my = 173.2 GeV, m; = 173.2 GeV,
Msusy = 1000 GeV, Msusy = 1000 GeV, Msysy = 1000 GeV,
u =200 GeV, g = 200 GeV, =200 GeV,

t()S =-=19 JWSUSY (FD calculatio

X;\TS = —2.2 JMSUSY (RC calculatio
s

X8 = 2 Msysy (FD calm
X;\ﬁ = v/6 Msusy (RG WD
=4,

mz = 1500 GeV, mg = 1500 GeV, mg = 1500 GeV,
Mi; = 1000 CeV . A'[i,-, = 1000 GeV . M{3 = 1000 GeV .

Gianni Masetti M. Carena et al. http://arxiv.org/pdf/1302.7033v1.pdf
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