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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

== 2010, 7 TeV, 44.2 pb™*
w2011, 7 TeV, 6.1 "
= 2012, 8 TeV, 23.3 b’

Total Integrated Luminosity (‘ﬂo‘1 )
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what is driving us et
- always problems -

* Plank-scale is at 101° GeV
My, / M, ~ 10" GeV

M, : bare mass

OM : quantum mass correction (loops)

not a problem if A, would not be M, (10*° GeV)

=> we need a correction with a precision of 10/

o

e

so far we can reach 0.05 nm (101'm) space

resolution with Transmission Electron Microscope

and hope to reach 10 fs (101%s) with X
(Free Electron Laser)

type of matter:

dark (because we do not see it)
matter particles => they are not in SM

because of my experimental nature

let me see what | cannot see...

Milky Way:
Mo ~ 10 x M

visible
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CMS combination:

* BRgsp=lgsm/ Tor @SSUMIiNg that couplings
to the electroweak bosons are bound by

the SM expectation (k, <1)
* 0 < BRg £0.64 at 95% C.L.
(more details in CMS-PAS-HIG-13-005)

what is driving us

searches for Higgs invisible decays:
* assuming SM production cross section
observed (expected) 95% CL limits

for Z(¢)H ATLAS: BR,, < 65% (81%)
5.0 s Pretminary V5= 7Tev, L5111 {5=8 Tev, L< 19617 CMS: BR;, < 81% (83%)
a5t %o Ky=1, —Observed |3 [ e\ ElE s CMS: BR,, <67% (52%)
IR PR I WRMMPWPIER from combination CMS: BR;,, < 58% (46%)
4.0 =
3 .5 ;_ lrl, _% % 35 E 95% CL limits CMS Pre"minary
3 OE ] v§ 3 Observed limit \s=8TeV L=19.6fb’
O ; — b - - Expected limit
- g . ; 25 [ Expected limit (10)
2.5:— /! q4E Expected limit (2 o)
2.0F 11
- / 1w -
1.5 / 42
- 1° B
1.0 -
055 4 o5
00E —I’l—I‘II’I’IIIII IIII|IIIIIIIII|IIIIIIIII IIIIIIIIIE P: L - I U S - I R S - I L1 1| I U S - I R S I
0 02 04 06 08 1 00 150 200 250 300 350 mH[G48\%
BRBSM there must be something out there
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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

120

X/ > T T T T T
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 SHNETOET @ 0.3%
Pixels (100 x 150 um?)

~im?  ~66M channels
Microstrips (80-180um)

Pixels ~200m? ~9.6M channels

Tracker TR
ECAL ~76k scintillating PDOWO, crystals

HCAL

Solenoid

Steel Yoke gfoffgnop?m
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 ]
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 .
=== Electron T} L a
Charged Hadron (e.g. Pion)
- = = - Neutral Hadron (e.g. Neutron) ~ 7
""" Photon I - —
® 0.4 — .
. - - —
il Tl o o2F -
_-lll'lll L ]
@”llllll‘:' ' - -
- s :

R0 ‘YT‘Y¢*‘"+‘;+"*¢¢¢*¢‘*"‘¢¢“¢¢,;¢*;+“’ u,.*# - h¢¢,b¢6’¢¢

ll]l' g 5 . e

Jodon Superconductig : 60 80 100 120
T e s | M(u'w) [Gevic?]

 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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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
Adrian Perieanu April'14, Benasque 9
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Higgs: what do (we think) we know

YR1: Inclusive cross sections arXiv:1101.0593
YR2: Differential cross sections arXiv:1201.3084

LHC HIGGS XS WG 2012

pp — H+X) [pb]
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low mass
<125 GeV

0°

—
T FA T T

ot

o(pp — H+X) [pb]
o

10"

how shall we define
high mass?

medium mass (?)
125 > 250 GeV

ﬁ‘r e I LI I | I LI I B | L | L I L I L I LI I-
high mass (?) very high mass (?) E

\ 250 > 500 GeV > 500 GeV ]
«ﬁ.:':,'l' DD N —
e ;

i e ", '~'h,€p
-'4.. "Q,:
1
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~, B ‘““,
.,
.
N M e,
‘e, —
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uu\ ]
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LHC HIGGS XS WG 2012

o X BR [pb]

—
o
w

%‘ ; T T T T T T T T i §
G, L / 0
hI 102; / %
10 3 / 3
1E / E
107 /
10° /
100 200 300 500 1000
M, [GeV]
10 3 | T T T T T T T T E g
; 1 \jg = 8TeV E §
1 ;_ WW — Fvaa _; g
S/BY 33
o= A — I'VIv .
10" ;— ™~ =
N, ‘i Z—1'Tqq ]
102E ZZ - I'Tvv :
y ZZ I 1
10-3 — [i\rb \ YV I=e, m —i
. o Y V= ve’vp'vr .
7 — I'Tbb : q = udscb T
-4 | % | 1 | 1 L |
107100 200 300 1000
M, [GeV]



2HDM

* TYPE I: one Higgs doublet provides masses to all quarks (up- and down-type quarks (~SM)

* TYPE Il: one Higgs doublet provides masses for up-type quarks and one for down-type quarks (YMSSM)
* TYPE Ill & IV: different doublets provide masses for down type quarks and charged lepton

non-CP violating 2HDM Higgs sector
has 6 free parameters:
Mg+, Mgo, Myo, m 40, tan3, o - Higgs mixing angle * couplings of neutral Higgs
bosons to SM fermions and

* 0*BR (H—->hh) contours for TYPE | (left) and TYPE Il (right) 2HDM massive gauge bosons as a
* a and tanB: Heavy Higgs's couplings to SM fermions and massive gauge bosons function of a and

more in arXiv: 1106.0034

5= 100 TYPE‘I2HDM (c)r;kBr(ggT»Hahh) my = 3(.)0 GeV | 15 = 100 TYPE II 2HDM: 0+Br(gg—H-hh), my = 300 GeV 1 SHDM 1 SHDM 11

15 =50, o ] W [V [sin(B-a) | sin(B-a)
b fp=>0" | hQu | cosa/sin8 | cosa/sinf

: hQd | cosa/sing | —sina/cosf3
hLe | cosa/sing | —sina/cosf3
HVV | cos(f—a) | cos(f—a)
HQu | sina/sinf | sina/sinj
HQd | sina/sinf3 | cosa/cos
HLe | sina/sinfg | cosa/cosf
tp=1 | AVVY 0 0

AQu cot 3 cot 3

AQd —cot 3 tan 3

ALe —cot 3 tan 3
06 -04 -02 0. 2 o l 06 -04 -02 02 .4 more in arXiv:1207.4835

cos(f — @) cos(ﬁ

t'3=107
tﬁ=5-

t/g=107
tﬁ=57

t

tﬁzl_
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2HDM: H(hh) & A(zh)

HIG-13-025
h(126) decays h(126) decays
i o
wWw* v v v X v 1 / / v /

L 7z I v A
*p;>20GeVand |n| <23 § ., B X X
photons STt _ | X 7/ §
* isolated § o — 1= S vy X X X
*p;>20GeVand |n| <25 [ R e X

muons & electrons
* jsolated

*p;>10GeVand [n| <2.4
taus
*dR > 0.1 relativetopand e

jets

*PF,dR>0.4top, T,yand e between tt and signal events

*p;>20GeVand [n| <2.5

event selection

* multileptons (> 3)

-m;> 12 GeV

- bin in number of t,,

- number of OSSF pairs

* photons (2)

-1 or 2 leptons

- 1 or 2 hadronic taus

* search in bins of PF MET

and number of jets
Adrian Perieanu

Brxo [pb]

CMS Preliminary

s=8TeV,L=19.5fb"

1 8 T | T T T |
1 6 ...... —
gg— H— hh ]

14 95% C.L. CLs Limits~]
— Observed b

1o expected . _
== expected =10
~----expected =20

10 :

—

(o)
I|I|||||I||III|IIIIIIII||l|||I

o
2 1
0 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 ]
260 280 300 320 340 360

m,, [GeV]
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Brxo [pb]

CMS Preliminary

s=8TeV,L=19.5fb"
T l T T T | T T T ]

gg— A—Zh

95% C.L. CLs Limits |
bserved ]

----- expected

=== expected +10

----- expected =20

340 360
m, [GeV]
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300 320
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2HDM searches with

H—WW—ev uv

* jsolated

*p;>25(15) GeVand |n| <2.4(2.47)
jets

*p;>20GeVand [n| <2.5
*p;>30GeVand 2.5<|n| <45

“

\,
3

events:
« exactly O jets or 2 non b-tagged jets ——F R

-Obs 99/ CL

ATLAS Preliminary |
[tgt=131" ys=8 TeV ]

2HDM Type-| tanp=1
\’\\ H->WW-—evuy J

300

R el
'5 ATLAS Prellmmary J L d'[ = 13 0 fb \S—8 TeV 150 200 250
o H—>WW-evuy + 0 jets @ Data ;
= NN @240GeV I SM Higgs m =125 GeV ] mH [GeV]
) [ WHjets 1
< B Z/y*+jets B —
G>J E nW/\\,/VVt//\t/eg/BZZ/Wy/Wy* i ATLAS Preliminary ]
L . \ [Ldt=13fb" 1s=8 TeV ]
: “\ 2HDM Type-| tanf=6 ]
.............. ] 5 HosWWosevpy
0
(3} 3 - Exp. 95% CL ]
= — Exp. 99% CL ]
= 0] Ty o PP [ Obs. 95% CL |
k=) 3 — (2 Obs. 99% CL ]
® 0 02 04 06 08 1
Eorob. 76 % . . NN outout 150 200 250 300
p m,, [GeV]

* signal hypothesis includes Higgs-like
125 GeV as light scalar h of a 2HDM

* null hypothesis assumes no Higgs boson
Adrian Perieanu
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ATLAS-CONF-2013-027

Tywae |

ATLAS Prellmlnaw

det 13167 ys=8 TeV |
ZHQM Type-Il tanp=1"]
H—>WW—>evpv J

#" == Exp. 95% CL 4
_2"  — Exp.99% CL
3 Obs. 95% CL 1
[J Obs. 99% CL

250 300
m,, [GeV]

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

200

ey
ATLAS Preliminary |

N ]
\ JLdt=131b" ys=8 TeV ]
2HDM Type-Il tanp=6"]
H->WW—evpy

- Exp. 95% CL ]
—Exp 99% CL ]
[10Obs. 95% CL
-Obs 99% CL

200 250 7300

m,, [GeV]

* no additional Higgs boson (H) is found in the

mass range of 135 < m, <300 GeV

14



— 2HDM results combined

2HDM Type | ATLAS Preliminary 2HDM Type | ATLAS Preliminary
m—— Obs. 95% CL 1s=7 TeV: det =4.6-4.8 fb' — Obs. 95% CL 1s=7 TeV: det: 46-48 !
X  Bestfit 's=8TeV: [Ldt=20.3 " X  Best fit is=8TeV: [Ldt=20.3fb"
- === Exp.95% CL Combined h — yy,ZZ" WW* = === Exp. 95% CL Combined h — yy,ZZ* WW*
— = SM h — tt,bb — = SM h — tr,bb
[« 1OPII‘I|.I'T|:III IIIIIII'IIIIIII III:',II‘IIII_I_ lam ] 10’_”.]}[1]']]41”}' (!lx[ll_ll'llrllll‘l._
c A\ AT i c R PR N
m | “1 r m . =\ -
= B | ! = O
4l | heSie I (s u sy o
' I.l | . J¥'ee ',',: T \\‘;A
2k ' | ! 2r 24 T
1f : : 1 :
04 "~ | 0.4F
0.3} 0.3fF .+ %
0.2} | 0.2+
O 1 |‘|.|.‘|'||'| ;'ﬂ"|'|'| I \ |'||‘l'|v'|'|.n |'||( || O 1 "'l;i.lﬂi’<|1"||{4 I'IFI“IJ X ||'| il Ll |.|.: il ||
-1-0.80.604020 02040608 1 -1-0.80.604-0.2 0 02040608 1
cos(p-a) cos(f-c)
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tanp

2HDM results combined ~

“allowed” (eye) combined regions from ATLAS and CMS

CMS Preliminary Vs=8 TeV,fL dt =19.5 fb! CMS Preliminary
10 7 o 10°
TYPE | 2HDM o % EAR .
[ S H->hh&A—2Zh ] -~ R B
i === Obs.95% CL ATLAS Preliminary __ . _ ] |; === Obs.95% CL ATLAS Preliminary . .. .
[ X B Gertevfin-ssdn’ I v [ X ettt Eerrevfasasesn o MHEM=00GeY
i ==== Exp.95%CL \5=8TeV:[ildt=203 " 95% C.L. CLs Limits i ==== Exp.95%CL i5=8TeV: fLdt=20.3 %" 95% C.L. CLs Limits
J——— ; ; —— Observed : { o - SM — Observed

e or a3 10

Adrian Perieanu
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2HDM perspectives

* allowed phase space will shrink more

and more, but if we do not find a signal
we need more brilliant ideas to close it

CMS Simulation 2013 s =14 TeV  L=3000 fb~"
100F 3

50t

~ 50 Significance
W Allowed (couplings)

—06 -04 -02 00 02 04 06

cos(f—a)

Adrian Perieanu

_I T T I T T T I T T T |
— Expected 95% CL Limit

I IAI'I'ILA'SI Slirﬁuiatlioh IPrIelljminér)II

CMS-PAS-FTR-13-024
April'14, Benasque

Q.
c = .
s - on 2HDM Type Il \s=14TeV .
350 sirmieieins Ldt =300 fb™": All unc.
............. Ldt =300 fb™": No theory unc.
............. Ldt = 3000 fb": All unc.
3 —— |Ldt=30001b" No theory unc.
2.5
2
1.5 .
1
0.5 = ,__‘ . ',"' ==

; ; TS| e
-0.08 -0.06 -0.04 -0.02 O 0.02 0.04 0.06 0.08

ATLAS-PHYS-PUB-2013-015

CMS Simulation 2013 s =14 TeV  L=3000 fb"
100F \

50

cos(p - o)

10

tan(f)
=]

—095% CL exclusion
- 50 Significance
W Allowed (couplings)
-06 -04 -02 0.0 0.2 0.4 0.6
cos(f—a)
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double charged Higgs

selection
* Zp; leptons as function of my,
» 7% veto

minimal type Il seesaw model:

* an additional scalar field, triplet under
SU(2), : ©**, ®* and ®°

* missing energy in transverse plane

* AP for £+

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

with U(1), hypercharge Y = 2

* test neutrino mass generation

* production processes:

OO pair & O**@ associated production

CMS\/— 7TeV, fcdt 4.9 fo~! CMS\/‘ 7TeV, fcdt 4.9 1!
101 ' '
G e D ta .
W «><f5 — Draell Yan < m gf:: Yan
103 ¢< 5 = Diboson . " - Diboson
" it q>-
> I Single top <%: tstingle top
3 102 —— Signal (350 GeV) . (?3 —— Signal (350 GeV)
& &
@ 10 15 1
= 2
: 2
1 (N
107!
10!
100 200 300 500 200 300
m(£<6%) [GeV] m(=0%) [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

Adrian Perieanu April'14, Benasque 19



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) ||

E :

_al o
% 10 ; :
©

-

150 200 250 300 350 400 450 500

tx 107
Mass of &= [GeV]

95% CL upper limiton o /o ..

10 P —- Gpeecmiparpondon || S [FEE
3 \ — Obsarved imit (pair-production)
—_ —  Pair-production cross saction -9
o) o[ T~ 10
L 10 =3 =lobanc
% ] 3 <20 bang
10_3 i - [0 ATLAS exclusion (1.8 ) []
<) EE ®vatron exclusion 1
1 - 103 e a———
1077 — Ovsard limit (combinad) H
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500
Mass of &+ [GeV] Mass of &+* [GeV]

o> etet, O -> e, more details in Eur. Phys. J. C72(2012) 2189

q)i'i -> ei-ri" q)ii' -> ui‘-ci’ (Di'i -> -Ei'-ri'
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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*u®) [GeV] .
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] Eur. Phys. J. C (2012) 72:2244 IGRICY
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SM & EWK singlet scalar

(at high mass with H>Z7»2[2v)

C2 + C'? = 1 unitarity condition

* electroweak singlet scalar mixing with the h° (125 GeV)

#' =C?-(1—BRpew) * C(C’) couplings scale factors of the low (high) mass relative to SM
* EWK singlet cross-section modified by a factor i’
cn2 e width I’

/ o . o .

" =Tom- 1-BR * BR,.,,: branching ratio of EWK singlet to non-SM-like decay modes
- new
102 CMS preliminary, (s=7 TeV [L=5.0 fb™, /s=8 TeV [L=19.6 fb"' CMS preliminary, Vs=7 TeV [ L= 5.0fb™”, ys=8 TeV [ L= 19.6fb”

EE Observed @95% CL s [T T T T T T ]
© _
~ - SM ~ —— theory

ft\: : : 83(1)2 § 10 —— median expected |
o i . C';O:G bm C expected £ 10 ]
1 —C'=04 1 B expected + 26 ]
=. ——C'=02 = T —e— observed i

i

_/
)

1 1 |
400 600 8

| | 1 0-1 | 1 1 1 | 1 1 1 | 1 1 | 1 1 |
1000 200 400 600 800 1000

Higgs boson mass [GeV] Higgs boson mass [GeV]
Adrian Perieanu April'14, Benasque CMS-PAS-HIG-13-014 23
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SM & EWK singlet scalar

o, X BRy,

Mo = GuxBRpsm

= (aZHxXBiEI;SM — «2(1- BRpgew)

K2 =1-p, k’ = C’ (from CMS) §, 0 91
T 0.8

< 0.
coupling as function o 0.7
signal strength of the 0.6
light Higgs boson 0.5
0.4
0.3
limit on k% 0.2
expected k2 < 0.29 0.1
observed k2 < 0.12 0

Adrian Perieanu

April'14, Benasque

ATLAS Preliminary EW singlet
{s=7TeV: |Ldt=46-48fb" Obs. 95% CL
\s =8 TeV: |Ldt = 20.3 fb"! = === Exp.95% CL
Combined h — yy,ZZ* WW* rtpp == = SM
ST T VP LT VY X VR 0T
: ‘ - = 3
A\ . E
B\ % % :
"-,,, f-;‘-‘ g e = = -
PV RAY G e
A W oy Ol X oo :
0 0.2 04 0.6 0.8 1
p'H
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other searches at high mass
in SM: H—Z77—4¢

7 -with mass between 40 and 120 GeV
e Z* - with mass between 12 and 120 GeV

* both Z bosons decay into 2 leptons and the following
combinations are used: ee ee, ee YUy, HHHUMU

* no T leptons due to worse mass resolution

event selection:

* 4 isolated leptons coming from same
primary vertex (Z decay):

p*. >5GeVand |n*| <2.4

pe;>7 GeVand |n®| <2.5

* at least one lepton with p; > 20 GeV
and one with p; > 10 GeV

* make use of di-jet (VBF), untagged
category (gg fusion) and kinematics

* clean signal over small background
contributions from ZZ, Z+jets (b) and tt

no 4-lepton event observed for
invariant mass above 800 GeV

Adrian Perieanu

CMS Vs=7TeV,L=5.1fb";Vs=8TeV,L=19.7 fb
> __ 1 T I R Data T T T T T T __
o 35F [)m,=126 GeV ]
™ 3()5_ E1zyzz E
~ "t B z+x .
i 2] - ]
c 25 3
(O] B ]
> N ]
Ll 20 E

151 /| .

: g :

10 " —

- l .

5F -'|\!’|| ||\. =

ol Bt LR W

0 80 100 200 300 400 600 800

arXiv:1312.5353 (accepted in Phys. Rev. D) my, (GeV)
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high mass SM: H—=Z77— 4¢

CMS \s=7TeV,L=51f";Is=8TeV,L=19.7fb"
SM-like Higgs boson excluded in the four- e < — Observed b
lepton channels at a 95% CL in the mass B " ee Expected o
ranges 114.5-119.0 GeV S 1 Expected = 10
and 129.5-832.0 GeV, = Expected + 26 |
for an expected exclusion g : L
range 115-740 GeV. g 1 —
O WYy g
o\o ....................................
PN ) ——
o> SRR T % . 3 0 T S A T S
go back to limits on o x BR

100 200 300 400 1000

Channel de 2e2pu du 40 my (GeV)
ZZ background 7710 191425 119+15 387 431

Z +Xbackground 74+15 11.5+29 36+15 226+36

All backgrounds | 85+11 202+25 123+15 410+31 |

my = 500 GeV 524+06 122+14 71+£08 245+17
my = 800 GeV 07+01 16+£02 09+£01 31+02
Observed | 89 247 134 470 |

Adrian Perieanu April'14, Benasque 26



high mass SM: H—=Z77—4¢

*Z - with mass between 50 and 106 GeV
* Z* - with mass between 12 and 115 GeV for m, <140 GeV
goes linearly to 50 and 115 GeV up to m, <190 GeV

* both Z bosons decay into 2 leptons and the following combinations are
used: ee ee, ee Yy, LUUMU
* no T leptons due to worse mass resolution

>

. 8 *T ATLAS Preliminary
event selection: o |
* 4 isolated leptons coming from same 2 [ * Data *
primary vertex (Z decay): S 40 __" Il Background zz"
p*. > 6 GeV and |n*| < 2.7 i I Background Z+jets, tt
pe; >7 GeVand |n®| <2.47 sol 7% Syst.Unc.
* at least one
lepton with p; > 20 GeV, H—>ZZ(*)—> 4]
one  withp;>15GeV 20 \s =7 TeV:|Ldt = 4.6 o
and one with p, > 10 GeV \s = 8 TeV:[Ldt = 20.7 "
* make use of di-jet (VBF), additional
leptons (W/ZH) and untagged category 10
(gg fusion)

SN A

between 800 and 900 GeV, 2 events 200 400 600 80 (Gev)

with 4-leptons are observed ATLAS-CONF-2013-013
drian Perieanu April'14, Benasque
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high mass SM: H—=Z77— 4¢

<160 GeV 4 >160 GeV 2u2e/2e2u de
low mass  high mass low mass high mass low mass high mass

Vs =8TeV integrated luminosity 20.7 fb™"

zz™ 124+06 926+67 147+09 144+11 54+05 559+45

Z.Zbb, and 17 1.9 £ 0.6 0.5+0.2 6.1 £ 1.5 1.5+404 25+06 0.6+0.2

total background 143 +0.8 93.1+6.7 208+1.8 |145+11| 8.0+08 565+45
data 27 93 28 169 13 55

2.10 (no LEE)
| |

=10° ! | ! E = [ | ]
r ATLAS Preliminary — Obs ggF . o 102k ATLAS Preliminary — Obs VBF+VH _|
2 - HszzZ -4 Exp ggF - 2 - HsZzZ —4 = Exp VBF+VH
2 | _ - —
o 10°E [Ldt =20.7 fo" H+ 1o E " [Ldt =20.7 fb” E+10 i
c C +2 . B + 7
o B \s=8 TeV Hx20 ] 8 \s=8 TeV Cx2o
— — o, x BR — - — 0., X BR _
£ i SM ] = 10 3 SM 5
o 10 E o f i
O - 5 O N ]
X T ; 2
0 . o 1 =
D (o)) -
1 g E _
i 10'g
10°F -
C | | | i | | l
200 400 600 800 1000 200 400 600 800 1000
my [GeV] my [GeV]
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high mass SM: H—-WW
) |

2 (¢ Tmiss F miss
m4s = 2p+ E 1 —cosA¢(ll, E
T Pt bt ( (P( T )) missing energy from the neutrinos

o : S o o :
Pt - dilepton transverse momentum * gain sensitivity splitting statistics in events with 0-, 1-

Ap(Le, E"%ﬁss) - azimuthal angle between and ?-jets categories
dilepton momentum and MET j * cut’n count and shape analyses (2D)
* signal not any longer clean: background contributions

from WW, W+jets, tt and Drell-Yan - use control regions

-

CMS 49" (7 TeV) + 19.4 fb' (8 TeV)

| & data B wz+zz+vwv m, = 125GeV | = CMS 4.91fb" (7 TeV) + 19.4 o' (8 TeV)
— Ho WW top r n [ ]
1000 . WY“ - DY+jets e_;‘x on J?t . ) = Observed
i 20 mj JRARMAARAN . S 10 ---- Median expected H— WW (all channels)3
I Wijets wWw - " ] ]

150 bkg uncertainty

| Expected+ 16

Expected + 26

—_
o

S/(S+B) weighted events / bin

Il Il Il Il
100 150 200 250
m; [GeV] |

S/(S+B) weighted events / bin

95% CL limit on o/
~

—
<

|

200 300 400 500 600
Higgs boson mass [GeV]

0
50 100 150 200 250

* no striking deviation, still within (e

-
-
o

the errors
Adrian Perieanu April'14, Benasque 29




-

high mass SM: H—-WW

10 L L LA AR

ATLAS Preliminary —— Obs. ggF+VBF

HoWW-—sevpy, SM width g o5 99F+VEF

\s=8TeV [Ldt =20.7 fo J+2 ¢
— O, X BR

[pb]

event selection:

* 2 isolated opposite charged high pT leptons (e, p)
and missing energy from the neutrinos

* gain sensitivity splitting statistics in events with

0,1- and 2-jets categories

* NWA - narrow line shape

* background contributions from: WW, W+jets, tt
and Drell-Yan - use control regions

95% CL Limit on o x BR
o

* mass range 260 GeV < m < 642 GeV excluded at 95% CL
(SM cross sections are used for gluon-gluon fusion and VBF) 300400 500 600700800900 1000

m,, [GeV]
> _I LI I LI I LI I LI I LI I LI I LI I L I rr l_ 10 -'=-| I L l L I L I L ] L I L l 1T l_
) L L —— Data . - imi 3
() sof ATLAS Preliminary = swisys o stay ] - ATLAS Preliminary --(E)bs. ggll:+\\llgll: .
e - (s-8TeV|Ldt= 207" = uw . L HoWWoevuy, NWA - 5 5997 .
~ N X . | _ _ 1 -
B, [ HWe o+ 0t = E 1 =8Tev fLat=2071 e .
[} - [ Wi+jets . = 3
AT - I Z:jets ] C N
- B H[125 GeV] ] B ]
30+ H [300 GeV] — 4
N H [600 GeV] (x10) 10 —=
N [ H[900GeV] (x10) = E
20 .
C btz 7 o
10__ L': ',-'-. 1. o
i %y @‘ fluctuation absorbed when
0- : R AR combining all channels
50 100 150 200 250 300 350 400 450 500 P

10-3- vl b b by v by by
e e Nt AmAm o 300 400 500 600 700 800 900 1000
ATLAS-CONF-2013-067 my [GeV] m, [GeV]
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(Data - SM) / SM

multi-Higgs cascade in WWhbb
* one isolated high p; lepton (e or p) and missing

energy from the neutrinos 9 " W
* 4 (2 b-tagged) jets with p; > 25 GeV and |n|<2.5 r‘f

* BDT used to discriminate between Higgs cascade

and main background tt H N
* background contributions from: tt, W+jets, Z+jets,
fake leptons, single t g N

aw
H
(ol

* limits are the weakest in low mass regions due to the
poorer separation between tt and signal events

95% C.L. Upper Limits [pb]

- s = _soafy’ > 900
) ATLAS \s=8TeV | o Dataj L=203f" 4 P ATLAS
10° g O) -
- t @ 800~ JLdt: 203" \s=8TeV
] B et o 10
10° - jets N
g oo = b HSWHShW: WS bW W*
- 1 700F
10° - Signal (0.05 pb) -
= JLLLLL i — m =925 GeV 6001—
10— m.H, =625 GeV - ’
= Signal (1.00 pb) -
- s pemee e m,=525Gev 00
1 | _____ : m, = 425 GeV u
0.6F 400—
ey T TR Jwm—— B
0.2 u
oE e T S v e e e | Uncertainty 300 107
_04 E_ ...................................................................................................................... -
-0.6 i i L i ) i i i —
0O 200 400 600 800 1000 1200 1400 1600 1800 400 500 600 700 800 0 900 1000
My [GEV] H” Mass [GeV]
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tanf

10

from last MSSM updates:
Tt channel

CMS Preliminary, H—1t, 4.9 fb™" at 7 TeV, 19.7 fb™" at 8 TeV

L I — | . | L] L] | | L]
| MSSM m, ™" scenario Mg,sy =1 TeV

95% CL Excluded:

— observed

—— SM H injected

— expected

~ * 1o expected
+ 20 expected

I LEP

100 200 300 400

1000

m, [GeV]

tanf

© aOa N W A OO O N © © O

CMS Preliminary, H-trt, 4.9 fb"at 7 TeV, 19.7 fb™ at 8 TeV

195% CL Excluded:

CMS

| —— SM H injected

— expected

|0 LEP

100 120 140

m, [GeV]

* tanfB vs. m, window(s) are becoming smaller and smaller

Adrian Perieanu

April'14, Benasque
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tanf

so, what did we discover...

CMS Preliminary, Hott, 4.9 fb™" at 7 TeV, 19.7 fb™ at 8 TeV

= 5 % — — « Median expected exclusion
9 3 9 +~ [ Observed exclusion 95% CL
& E 50 ------ Observed +1c theory
8 2 94 b e Observed -1o theory
£ E — — - Expected exclusion 2011
7 = 40 Observed exclusion 2011
6 =
5 = 30
4 =
3 95% CL Excluded: 0
. CMSs
—— SM H injected
2 — expected 1
1 0 LEP
0
0 100 120 140 90 100 110 120 130 140 150 160

m, [GeV] m.. [GeV]

*is not A°
e definitely not H*

* for tanP < 10, mass of H® larger than 130 GeV => this time the small h® wins

* in other words the “heavy” Higgs still waits to be discovered
Adrian Perieanu April'14, Benasque 33




is there still hope
for MSSM? r,rb‘“/l;-rlm;ecays to charginos/neutralinos

are open here (arXiv:0709.1029)

* let’s open the window(s) again

only green areas are allowed considering 125 GeV for h°

60 60

mod+
mh

50 M, =1255+3 50 o+ M, =1255%3

o M, =1255%2

LHC excl.
LEP excl.

M, = 125.5+ 2

LHC excl.

40 40 LEP excl.

my = 173.2 GeV.,
Msusy = 1000 GeV,
=200 GeV,
M, =200 GeV,
[X,OS =2 Msusy (FD calculation), ]_
Xt\T = \/6;\[5Usy (RG calculation),
Ay = A = A,
mg = 1500 GeV,
M;, = 1000 GeV .

<o R
% 30 me = 173.2 GeV,
e Msusy = 1000 GeV,
1= 200 GeV,
My = 200 GeV.,
[ Xtos = 1.5 Mspsy (FD calculation),
X',\T = 1.6 Msysy (RG calculation),
A=A — A,
mg = 1500 GeV,
‘1‘[53 = 1000 GeV .

IIIIllIlIIlllIIlll

20 20

L1 1 1

10 10

200 400 600 800 1000

800 1000
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VBF H invisible decays

: g - CMS Preliminary 95% CL limits
* events selection S pof 8=8TeV Lutaptyt Cosenedtmi
-eand pveto p;>10GeV, |n| <2.1 roF I Expected limit (1)
-2 jets, p;>50GeV, [n| <4.7andnl-n2<0 [Egks S
- |An;| > 4.2 and M;; > 1100 GeV X sb
- E;miss > 130 GeV
- central jet vet: p; > 30 GeV, Ny <N < Nigyy 13
- Agjj < 1.0 0.5
oo "0 200 250 300 350 'm'[gé\%
* background estimation "
Background Nest (’%‘ 3'5; 05% CL limits CMS Preliminary
Z — vv 102 £ 30 (stat.) == 26 (syst.) T 3~ Observed imi {s=8TeV L=19.6fb"
W — v 67.2 + 5.0 (stat.) + 15.1 (syst.) S
W — ev 68.2 £ 9.2 (stat.) == 18.1 (syst.) g g Expected limit (2 o)
W — tv 54 £ 16 (stat.) = 18 (syst.) i 2
QCD multijet | 36.8 4= 5.6 (stat.) £ 30.6 (syst.) L sE
Other SM 10.4 £ 3.1 (syst.) >
Total 339 + 36 (stat.) £ 50 (syst.) I3
Observed 390 j 0.5F- H'>i’:V-) m, = 135 GeV
* more details in HIG-13-013 % Qs 59 % fxp; 33 %

my [Ge

L 1 I 1 1 1 L I 1 1 1 1 I
150 200 250 300 350 40\%
Adrian Perieanu April'14, Benasque 35



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 - AP (E;M'ss p,miss) < 0.2 rad
* lepton selection -0 (2, ET"“iSS) > 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 ﬁm‘ﬁmﬁw—lﬁ_ﬁﬁﬁ
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 - mzz ]
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 00 200 250 300 350 400 450
ET [GeV] E™ [GeV]

Adrian Perieanu April'14, Benasque 36



Z(I)H invisible decays

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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»
A

IR (=2022)

- detectors ¢ 7 Legend
*low B SPS upgrades (2012-2022) a— CERN existing LHC
» crab cavities ... * anti e-cloud coating (?) Potential underground siting
*RF SLIC 500 Gev
* impedance : 1.5TeV

SES

ATLAS CNG

Gran Sasso
Jura Mounlains

AD
1999 (162 m)}

Booster (=2018)
» from 1.4 to 2 GeV

East Area

< . LEIR
EINASS

lons

Lake Geneva

LEGEND

=== LHC tunnel

HE_LHC 80km option
potential shaft location
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new measurements: Higgs self-coupling

Vs [TeV] U;]}_?HH [fb]

8 8.16
14 33.89
g TTO0Y ’,H g TOCO }——m————
t,b "",\":’ + tb
9 .2200) o ¢ w0ogob—u 1 __

systematic uncertainties
(theo.):
* QCD scale "8 ;%

* PDF 7%

* EFT 10%

total: = 30(40)%

- a factor 1/2 can be improved

Adrian Perieanu

at 3 ab!: although additional checks

are needed, a 30 sensitivity is expected
* bbyy: clean, but low BR

* bbtt: clean, but worse mass resolution
* bbup: clean, but even lower BR
* bbW*W (*): very challenging

40

35 |
30
25 | N
20 |
15 f-.

10 +

a(Il)p 5 HH + Xj/aSM
V5 =14 TeV, My = 125 GeV

gg—+HH oo
qq’ — HHqq' -------- .
qf - WHH

.
A

. ~,
. s,
......

April'14, Benasque
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Li

near Colliders

= L L B I B BN ) L B L L L B i
2 O 350 GeV ] 3 E : -
N 1| CLIC o4ty | F 1 = CLIC WH t 3 * HL-LHC: 1 ab?!
'% ' Preliminary ¢ +30Tev E" PreliIninary 7 * CLIC3: Vs =3 TeV with 2 ab?
° = -1 = =
gn %10 3 E http://arxiv.org/abs/1307.5288
= 1 1 1 O
R VT o o G 6 € 0 o S , ‘ New particle LHC (14 TeV) HL-LHC CLIC3
1 1 1 -C |- T =
© i c T b t W Z 107 ; squarks [TeV] 2.5 3 =15
| Ty ¢ sleptons [TeV] 0.3 - =15
e — +2.5% i 103k i Z! (s couiings) [TeV] 5 7 20
cr +5% 0 E W i 2 extradims Mp [TeV] 9 12 20-30
. ..| T 1 -...l I I TGC (95%) (ny coupiing) 0.001 0.0006  0.0001
P B It contact scale [TeV] 15 - 60
10 1 10 10 Higgs composite scale [TeV] 5-7 9-12 30
-, Mass/GeV
(2]
3 1= t
T ¢ Full ILC Program
2 | 250" @ 250GeV
S | s500fb™ @ 500GeV : :
810" 1000t @ 1000GeV * A - Higgs self coupling parameter

102

10°

T IIIIIII|

http://indico.cern.ch/getFile.py/access?contribld=6&resld=0&materialld=0&confld=262870

B . ILC(500) ILC(500-up) ILC(1000) ILC(1000-up) CLIC CLIC
E E.m (GeV) 500 1000 1400 3000
- c Int. Lumi. (fb~1) 500 1600 1000 2500 1500 2000
L P(e~.et) (-0.8,0.3)  (-0.8,0.3) (-0.8,0.2) (-0.8,0.2) (0.0/-0.8,0.0) (0.0/-0.8,0.0)
£ u gg::ﬁﬁ:;ﬁ ;I:rgz(::etﬁnl-it;; YI:I kaar\]:/’a Ao /o Zhh 53% 30% B - ? ?
- and self-coupling measurements. Ao /o virhh - - 33% 21% ? ?
T T T AMA 88% 49% 25% 16% 28/21% 16/12%
10" 1 10 10°
Mass [GeV]
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new measurements: VV scattering

a(s) A | Au<lTeV Ag>1TeV SM No-Higegs..
1 4 SB sector SB sector strongly coupled ~ Unitarity \fjgléfion
; weakly
coupled :
e find alternative EWSB
mechanism "
__,,,—*"B:c;\er scenarios possible:
__ ——————— e.g. strongly interacting light Higgs
bbb —
........ T

[Ir‘reducible BG: QCD\ 4

Single top (Wt) R
/~ Signal: resonance - : q

w/zZ

many thanks A.Ballestrero
Adrian Perieanu April'14, Benasque and P. Giacomelli 41




summary

* we have seen results from the searches for 2HDM, double
charged Higgs and other high mass searches in SM and MSSM

* what they have in common: so far we have only limits

* limits have plenty of one and two sigma “blubs” — but they do
not appear consistently at the same mass(es)

* we need to show in our papers also the global p-values (not only
the local ones)

* we have two wonderful detectors and they still have a lot of
potential to be exploited even after more than one year since LHC
stopped delivering 8 TeV data

* still to come: graviton search in the “dihiggs” channel, 2HDM
inverted mass hierarchy and the list can go on

* we are now more rich in ideas and analyses ready to be run for
the next LHC data than we were in 2010

Adrian Perieanu April'14, Benasque
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is there still hope

Msusy = 1000 GeV,
=200 GeV,
for MSSM? My = 200 GeV.
X?S = 1.5 Msusy (FD calculation).}

XIE = 1.6 Msysy (RG calculation)
h : Ay= A, = A,
* now we know also a correlation mg = 1500 GeV,

with the BR to charginos/neutralinos M;, = 1000 GeV .
60
mhmod+ mh'“""" :
50 » M =1255%3 BR <0.1 o
M, =1255+2 0.1<BR<0.2 ]
LHC excl 02<BR<03 -
€XCl.
40 LEP excl. 0.3<BR <04

04<BR<05
0.5<BR<0.6
0.6 <BR<0.7
0.7<BR<0.8

LHC excl.
LEP excl.

20

10

200 400 600

M, [GeV]
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Higgs: what (else) do (we think) we know

YR3: Properties arXiv:1307.1347

pr— 1 =T 1 1 | L B B I T | I LI = ) t 1 [ T I T T T T T T I_ °
U WW T 8 °F Ep
— [ —_ 18 'S - <)
= bb = £ F b ww %
3 i 2 | :
= — - e
c s 8 g
R N g ZZ i3 © 10 Vo4 3
,g ] + — .\
[ — R X = i
+ cc i m i CcC |
o (72}
2 — -
%3)1 0% E 310 = 3
(@) - 7] I — 3
-Ig) B (Y Zy - N -
.3 - h
10 : 107 E
: ] N :
AT e N . " !
10.4 IR Y ASRE I B \w I B R L1 1 -4 L \ | | L L1
80 100 120 140 160 180 200 10 90 200 300 400 1000
M, [GeV] My [GeV]

Adrian Perieanu

April'14, Benasque

45



searches: ZZ resonance

model 300/b~"  3000fb"
: : Myesonance = 200 GeV, g = 1.0 240 150
resonances in VV scattering p — 1TV, g= 175 7o 55,
Tesonance — * - A . . .
Mresonance = 1 TeV, g = 2.5 3.00 940

ATL-PHYS-PUB-2012-00

__________ ' "~ ATLAS I':’rellim'inéry SM WV
7 (Simulation)

7777) | Ldt=3000fb" = Nenwv

Entries

0.2 03 04 0506 1
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multi-Higgs cascade in WWbb

- type-ll 2HDM parameter space choices -

myo my: tan(B) sin(B—a) ma M7, o(H") BF(H" = h®"W*W ™) Excl/Pred

[GeV] [GeV] [GeV] [TeV?] [pb]

325 225 15 0.99 303 6.9-107° 28 0.222 2.1
425 225 20 0.99 439 8.9-.107° 2 0.404 41
425 325 10 0.99 486 1.8-1072 10 0.288 14
525 325 10 0.99 384 2.7-1072 3 0.436 39
525 425 10 0.99 384 2.7-1072 5 0.136 34
625 325 10 0.99 540 3.9.107? 1 0.501 20
625 425 10 0.99 693 3.9-.102 2 0.607 4.1
625 525 10 0.99 693 3.9.1072 3 0.219 7.7
725 325 1 0.99 675 59-1072 0.3 0.009 664
725 425 10 0.99 731 5.2-1072 1 0.643 3.5
725 525 10 0.99 731 5.2-.1072 1 0.659 1.1
725 625 10 0.99 306 5.2-107° 1 0.002 440
825 525 1 0.99 788 13100 0.3 0.024 76
825 625 1 0.99 788 1.3.100' 03 0.021 41
825 725 10 0.999 807 6.8-107° 1 0.168 4.1
925 725 1 0.999 021 24-100" 0.2 0.003 530
1025 825 1 0.999 020 3.4-100' 01 0.003 243

sample points in the space of the parameters which

* satisfy potential stability, unitarity and perturbativity constraints

* give the smallest ratio of excluded to predicted cross section
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new measurements: VV scatering

EWSB smoking gun

W+ W >W* W,
violates unitarity w/o SM
Higgs boson, at Vs > 1.2 TeV

\_ t-channel /

- ——— ? £’
A(WLWL%WLWL)z_Z—S—f+ > —+ >
V S—my t—my

many thanks Sara Bolognesi
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— 2HDM results combined
| ATLAS-CONF-2014-010

2HDM Type IlI ATLAS Preliminary 2HDM Type IV ATLAS Preliminary
——— Obs. 95% CL 1s=7 TeV: [Ldt = 4.6-4.8 fb" ——— Obs. 95% CL 15=7 TeV: [Ldt=4.64.8 b
X  Bestfit 's=8TeV: [Ldt=20.3 b X Bestfit is =8 TeV: [Ldt=20.3fb"
==== Exp.95% CL Combined h — yy,ZZ* WW* ==== Exp. 95% CL Combined h — vy, ZZ* WW*
— - SM h — tt,bb — - SM h — tr,bb
e m 10_II_II,_II.II‘IIIJ]IW’!I |'11‘WI|I|II‘II~III.I,|_ (o« 10_II’IIIY‘II_Il~|]'ll'l'I l“\l}l-lllll.llllllv,l_
+— [ X Az’ | : Yot R : s i ‘j'}' AT2T K - ]
ar I ] 4r S ST
3 I 4 SO Rees
2r - 2h e : L,
| | ; |
I 1
& v 16 : 7
£ | 3 [ \ :
0.4 | E 0.4f {
03¢ | E 0.31 1
0.2} | | 0.2¢ .
0 ‘11~L||'1|'|7i.11‘||'11 I lAJl‘II"II‘H il 0 AIIALII'IIVIl’Jl'l I‘IJ..lll'l St I‘IJIIIIII"H‘I"Il"ll.-
-1-0.8-0.60.40.2 0 02040608 1 -1-0.80.6040.2 0 0.2040.60.8 1
cos(p-a) cos(p-c)
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