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Since there are no other Higgs talks at

e Introduction the conference we introduce the Higgs
e Hiaas mass and sbin parit production and decay modes. We
99 pin parity update on mass and signal strength,
e Higgs couplings and spin parity measurement. Note on
o _ evidence for VBF production. Explain
e Limits on new physics the search for deviations from SM in
e Conclusion different benchmark scenarios. Finally

update on recent results of
interpretations beyond the SM.

e Abstract: State of the art on Higgs coupling measurements and
SUSY and other Higgs searches using the ATLAS and CMS

experiments
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e ATLAS and CMS experiments observed a
new particle compatible with the SM
Higgs boson in July 2012

= ... and Nobel prize has been awarded
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= ATLAS 2011-12 (5=7-8 TeW
1k

e Precision measurements of the properties
of the new boson are of critical
Importance

= ... is the new boson solely responsible for
the electroweak symmetry breaking?
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e Considering a 125.5 GeV Higgs at
Vs = 8 TeV

e Gluon Fusion (ggF)

gg > H
19 pb (87%)

With no specific topology

e Vector Boson Fusion (VBF)
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= qq > qqH i o
= 1.6 pb (7.3%) 10
= With specific jet topology -
e Associated production with vector I
1 2 o b Ly
bosons (VH) or top pairs (ttH) 1045700720
= qq > WH, ZH, ttH
= 0.70,0.41,0.13 pb (5.7%)
Wy,
Ao/o for ppat8 TeV- N
Process QCD scale PDF+a, Total (linear sum)
ol 3% 8% +15% ol r
ttH +7% +8% +15%
Detailed description at CERN Yellow Reports I, IT and III
VBE +1% +4% +5% (arXiv:1101.0593, arXiv:1201.3084 and arXiv:1307.1347)
VH +1% +4% +5% https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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e Higgs boson decay channels
considering m, = 125.5 GeV are
= H->Dbb

« BR (H — bb): 56.9 %

« large BR, Yukawa coupling
H->WW

« BR(H— WW): 22.3%

« large BR, gauge boson coupling
H-> 1t

* BR(H—11):6.2%

* Yukawa coupling
H->ZZ

s BR(H—ZZ):2.8%

» high mass resolution, high S/B, gauge boson
coupling

H-=> vy
« BR(H—vy):0.24 %

* high mass resolution, loop coupling dominated
by gauge boson coupling
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Phys. Lett. B 726 (2013), pp. 88-119

Evidence for a 125 GeV Higgs \//
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CMS H-1r, 49fb at7TeV 197fb at8TeV
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CMS-HIG-13-004 submitted to JHEP

e Evidence of a Higgs boson like particle at 7o level in the H — vy channel
(ATLAS), and even at 30 level in the H — 1t channel (CMS)
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Detector performance

CMS Integrated Luminosity, pp

. ATLAS and CMS kept Very high data taking 25, Data included from 2010-03-30 11:21t02012-12-‘16 20:A‘l9 uTC
efficiency during Run-|
= ~90% of the delivered luminosity usable for

25

= 2010, 7 TeV, 44.2 pb’
m— 2011, 7 TeV, 6.1 fb "
— 2012, 8 TeV, 23.3 b
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180F- ATLAS Online Luminosity

160_@ATLAS 0@ (s=8TeV,fLdt=21.7 1", <u>=20.
EXPERIMENT mm \/§=7TeV,det=5.2fb'1,<u>= 9.1
|

Year s ATLAS CMS

2011 7TeV 4.8fb' 5.1 b

Recorded Luminosity [pb™/0.1]

120;—

2012 8TeV 20.7fb' 18.6 fb 100F-

80

1 : . 605—

e Pile-up during Run-| was above design value sof

III|III|III|III|IIIIIII|III|III\IIIII|I

= Challenge to mitigate it's impact on trigger, 20
computing and reconstruction of physics objects
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Higgs mass and spin parity
measurement
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e ATLAS measures Higgs mass with 25 fb-! from ¢
= H—vyyand H— ZZ—4Il channels
= H— 7Z7—4I: 1D fit with kinematic constraints on Z

T
ATLAS

[ e Data2011+2012

N
o

ATLAS

> S
8 ] o Bl sM Higgs Boson
— [Te) r *

T i e Data2011+2012 a1 2 _F m,=124.3 GeV (fit H->ZZ 7‘“ .
> C SM Higgs boson m =126.8 GeV (fit) ] S 35 [ Background 2, 22* Vs=7TeV ILdt =461
-— ™ 3. sssssssss i - > r ’ = = 1
c C Bkg (4th order polynomial) ] G [ g Background Zejets, f Vs=8TeV JLdt=20.7fb
z 6000 — -] 30— %% Syst.Unc.

c H-yy . r

4000f— —
C Vs=7TeV J-Ldt =481fb" 7]
2000 — —&

C Vs=8TeV J.Ldt =20.7 " n
g S00E= =
o 400E- =
° 300 =
2 200E- + E
(i 100~ + + ) E
@
C
g , , , , , "
I] 100 110 120 130 140 150 160 100 150 200 250

m,, [GeV] m, [GeV]

m}; =126.8 = 0.2(stat) £ 0.7(syst)GeV mft = 124.3705(stat) 793 (syst)GeV

e Mass measurement with independent signal

strengths yields:

mpy = 125.5 £ 0.2(stat) g2 (syst)GeV

Carlos Solans
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ATLAS Higgs mass measurement

7

r ATLAS
[ Vs=7TeV j Ldt = 4.6-4.8 fb’

[ Vs=8TeV [Ldt=20.7fb"

NN N W £ N —— 2

Combined (stat+sys)

------- Combined (stat only)
—— H-oyy
— H-ZZ" > 4]
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my [GeV]
Use profile likelihood ratio
L, 6u))
Alw) = L(p, &  to quantify

my, confidence intervals with
nuisance parameters 8 (dyy,
M4, theory, and
experimental systematics)

ATLAS-CONF-2013-014
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CMS Higgs mass measurement i/
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- CMS Preliminary
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e Mass measurement with independent
signal strengths yields:
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e CMS measures Higgs mass at 25 fb-! from
= H — vy : combined fits to all event categories
= H—7Z7Z—4l: 3D Likelihood
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mp = 125.7 + 0.3(stat) £ 0.3(syst)GeV
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CMS Preliminary {s=7TeV,L<5.1fb" {s=8TeV,L<19.6fb"

1 O [T T Ty rrrrr—0T—r—rTT T T ]
"H—>yy+H—>ZZ |~ Combined
9 w1 (ggHtH), — A=
8f  u (VBEVH) b
7 =
6f =
5F =
4t =
3 =
oF 3
1
O:\ | Lo oSN N I
124 126 128
m, (GeV)

Use similar likelihood ratio

with slightly different

naming convention

In L(obs|s(a)+b, 9fl)
L(obs|s(d) +b, 0)

q(a) = —

CMS-PAS-HIG-13-005
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CMS Preliminary {s=7TeV,L<5.1fb" ys=8TeV,L<19.6fb"

b(% "H—vyy+H—>ZZ | * Combined
= n
© 59l e8%cL * e
- + H->ZZ
1.5 -
1.0F -
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_I | | | | | | | | | | | | | | | | | | I_
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mp = 125.7 £ 0.3(stat) £ 0.3(syst)GeV

CMS-PAS-HIG-13-005

Higgs mass measurement W/

Signal strength (u)
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‘ mpg = 125.5 4+ 0.2(stat) T2 (syst)GeV

ATLAS-CONF-2013-014
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Compatibility between channels

e The individual mass measurements, m,, S
and m,,, are slightly correlated due to the o o 4
common EM scale systematic (for photons = —
in m,, and electrons in my)) @
= Pulls m,, down by 350 MeV in combined fit S
e Consistency with Am=0 is tested by
likelihood function where average mass m,, j
IS profiled in the fit : Sy
Aoy = LA By Ay ) B D) T
L(AmH, fiyy, fla, gz, 0) oL
e Measured mass difference is
Ampg =m) — m = 2. 370 5(stat) & 0.6(syst)GeV TN
= Mass difference compatible with zero at 2.40 T
ATLAS-CONF-2013-014 ~* ° ' 2 oo
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e Updated integrated luminosity in
2012 dataset (20.3 fb-!' + 2.8%), and
evaluation of H— 77 and H— bb
channels at 125.5 GeV signal mass
hypothesis (2-3% more signal yield)

e The signal strength to bosons

p "V EZTWIWE 35 4 0.14(stat) 7916 (syst)

e And the signal strength to fermions
pPoTT = 1.09 £ 0.24(stat) 753 (syst)

e The overall signal strength becomes

1= 1.30 % 0.12(stat) 517 (syst)

e Consistency with SM Higgs
expectation is 7%

Carlos Solans

ATLAS combined signal strength
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ATLAS Prelim. —Giztyasﬁzc_ Total uncertainty
_ — O\theory
my = 125.5 GeV —_ o(theory) +*1oconpu
H— vy 5 N—
+0.24 .
B +0.33 |- 018 : S
W=1.57 e e A N NN
H- ZZ* - 4l :
= 1.447040 -013 i T
M= T es 100 s L .
H— WW* = Ivlv 5 1
-1 00+0.32 -0.19 =
H= 100 o0 100 i A
Combined : e
Hoyy, 227, W\LV*1 354021 i =
H=1.99 o0 08 N N T B e
W,Z H - bb il 0B
_ 0 2+0.7 +0.4 }——i
R= el |l L
H — 17 (8 TeV data only) 3 :
W= 1 4+0.5 os
T 04 [0% ..
Combined iy :
H—bb, 1t 4036 | 705 !
W=109 5o |
Combined T
= 1,308 -0 : L
=199 [ N N T s =
Vs =7TeV JLdt = 4.6-4.8 fo" 05 0 S 1 15 2

s=8TeV [Ldt=20.3fb"
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e Combined signal strength to fermions in
H — bb and H — 7t channels with 25 fb-"

= Non-fermionic decay contributions expected
for the standard model Higgs boson with a
mass of 125 GeV are not scaled with

Channel Significance (o) Best-fit
(mp = 125GeV) | Expected | Observed U
VH — bb 2.3 2.1 1.04+0.5
H— 17 3.7 3.2 0.78 £0.27
Combined 4.4 3.8 0.83 +£0.24

B 20CMS [s=7TeV,L=5f" {s=8TeV,L=19-201b"

i 18 m, =125 GeV

R ~—— VH > bb

L 3.80 — H-o> 1t
14 — Combined

Maximum significance
(3.80) at my=125 GeV
measured as the
probability for the
background-only
hypothesis to describe
the data

Carlos Solans
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CMS Preliminary

Individual Results

V H— bb arxiv:1310.3687
n(m =125.0 GeV) = 1.0+ 0.5

H — 1t arXiv:1401.5041
u(m =125.0 GeV) = 0.78+ 0.27

H— vy HIG-13-001
u(m =125.0 GeV) = 0.78+ 0.27

H— WW arXiv:1312.1129
i(m =125.6 GeV) = 0.72+0.19

H— ZZ arXiv:1312.5353
u(mH=125‘6 GeV)=0.93+0.27

Carlos Solans

Higgs signal strength

Vs=7TeV,L<51fb" Ys=8TeV,L<19.7 fb"
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ATLAS Prelim. "((sys ) Total uncertainty
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m, = 125.5 GeV
H — o(theory + 1o on H
H— vy | 1
_ +0.33 |Z01s : S
W=1.57 el i R b
+0.35 .
H- 22* 4l o3 :
_ 1 447040012 : o
R i A B
+0.21 .
H— WW* = Wiv ozt : N
_ +0.32 |-0.19 _r
=100 "0 oz ' H
Combined o | : | =
Hovy, 227, W\LV*1 351021 o =
ey 2 1 NS D Lo
W,Z H— bb 08 5
_ 0.5 +0.4 —_—
M_'—0.6<0-1 i L L.
H — 17 (8 TeV data only) f§:§
W= 1 4+0.5 ‘o3
— . +0.2
-0.4 |-01 |__|_| "
Combined o5 |
H—bb, 1t +0.36 |10
H= 1'09-0.32 50t d
. +0.12
Combined 3014 T
_ 1 30018 o : =
H=T1.9Y 17|00 i | | (.
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\s=8TeV [Ldt=20.3 fb"
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Signal strength (u)
ATLAS-CONF-2014-009

15



Spin and parity measurement

e In the SM the Higgs boson is a spin-0 CP-even particle: J® = 0*
e Spin-1 is disfavored due to observation of H — yy events
= Landau-Yang theorem forbids the direct decay of a spin-1 particle into a
pair of photons
. P= + 1 1 1 ‘E‘ i II|J‘lII‘l""'J"'|"'_
TheJ" =0 hypoéhias[s |s+ te:f,teci against = 25 ATLAS Coma -
alternate ones, J* =0, 1*, 1, 2 2t Hozza
= Similar likelihood and test statistic g 02 T e oo
to mass measurement £
N N = 0.15[ i =
watalped) = J[ TL 2 (Vosles- 85700+ B,0) x40) o O
s
L (s =o+,ﬁo,ea) Po(Jor) 0.05 !
=lo - L a 5
1 L<J£t7/§J£t’éJ£t> ¢ (Jalt) 1 — po(0T) S l
%5 "0 s
e ATLAS combines H—vyy, H-WW* H—>ZZ K
= Assuming a my = 125.5 GeV Phys. Lett. B 726 (2013), pp. 120-144

ATLAS-CONF-2013-040
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Spin and parity measurement ATLAS

e Alternative hypothesis JP = 0-, 1*, 1-, 2* are excluded at >97%

ATLAS
Vs=8TeV [Ldt=20.7 fb"
v CL expected
H— ZZ* - 4l assuming JP=0*
Vs=7TeV [Ldt=461b" W1
10

Vs=8TeV [Ldt=20.7 fb"

H— WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fb"

97.8%  99.9%  99.7%  99.9%

JP=0" JP=1* JP=1 JP=2"

Phys. Lett. B 726 (2013), pp. 120-144

ATLAS
H— vy ¢ Data
Vs=8TeV [Ldt=20.7 b

v CL, expected
H— zz* - 4l assuming JP = 0*
Vs=7TeV [Ldt=461b" B+io

s=8TeV [Ldt=20.7 b

H - WW* — evuv/pvev
Vs=8TeV [Ldt=20.7 fb"

25 50 75

f_
qq

Carlos Solans Higgs and new physics at high energy - FPCP2014

17



Spin and parity measurement CMS

e A two-dimensional likelihood is used using discriminants £l = £} Dy, Dyr).
= Four-lepton invariant mass and the separation of the Higgs boson e . . .
signal from the ZZ using angular variables D = |1+ Prig (12, M7,, Qmag) X Prie (mag)
kin A mass
= Between the SM Higgs (0*) and the alternative JP hypothesis Poi (mizy, izy, Qfmag) X P (marlmo-) |
: = -4 —1
e Results Do _ [1 . P (mz,, mz,, Qlma)
i S kin a
= Pseudo-scalar and spin-one boson are excluded at a >99% Poi(mz,, mz,, Qlmag) |
= Spin-two boson hypotheses are excluded at a >95%
CMS Vs=7TeV,L=5.1fb"; {s=8TeV,L=19.7fb" CMS Vs = 7TeV L= 51 fb'; \F 8 TeV, L 19.7 fb"
"g HH‘H‘“HH‘H‘;""'E‘O»LH“HH" é‘:’ [ —®-CMSdata - --Median expected : 5 ]
2 [ H—>Z7Z—4l DO 1 Q> 60 M0':1tc MAS:to H_’ZZ_"” .
5 O 1 E | mWo:2e MP:20 - : : ; ; ; ; ]
5 0 P T 9%30; ;f’r%; -j
p 0.08- : - : : :
> i 7 20
g o i
f ] , of -. ﬁ -. ﬁﬁ
0.04(- * -
i Jg j -20 : : : :
0.02- ' . I
. J i -40
07 - - - N/, e " : : : : : : : : : : :
30 20 -10 0 10 20 30 o o 1 T T T 2 2 2t 2r 2 2
2y ILy) any any qg—X any qg—=X any gg9g—X qG—=X any gg—X gg—=X gg—X

CMS-HIG-13-023

Carlos Solans Higgs and new physics at high energy - FPCP2014 18




Carlos Solans

Higgs couplings
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\

Strong VS electroweak production \y/

ATLAS Prelim. -'-Zz‘;;*;z,c_ Total uncertainty| ® To study the couplings to fermions and
my = 125.5 GeV otheory) | t16 20 bosons, we separate the signal
H = vy 7S N | B strength for ggF or ttH (Mggn.uy) @nd
+0.4 . . : .
ivs?t\t/: — 124182 ;82 \ / | - VBF or VH pl’OdUCtIOﬂ (IJVBF+VH)
S S DU | g PO S PO = Ratio probes the existence of EW
H—s Z7* s 4] -312 production in a model independent way
rep e N A 05 o
Il NS SO e AV BT B _ +0). +0).
w8 [ MVBF+VH/MeeF+en = 1.477; (stat) 25 (sys).
+1.3 : . : L :
H +1.9[-04 | ' : o ;
VBF+VH _ 1 8 t05 : : : - . .
oo — C0p53 )0 |1 14 @ To probe existence of VBF production
H e 25| alone, p Is made independent and
Mrans _ ¢ e |06 — profiled
i % (o St DR N DUURE BN = Evidence at 4.10 of VBF production
combined || FO4 [ oe ) 406
Maraun _ 4 410702 | 0 MVBE/HeeF+ur = 1.47,75 (stat) “y ', (Sys)
ggF+ttH - _0:1 I l “““ l """ 110
Vs=7TeV [Ldt=4.6-4.8 b 0 1 2 3 4 5
Vs =8TeV [Ldt=20.3 fb” MVBF+VH / MggFHtH ATL-CONF-2014-009
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Evidence for VBF production

_I 1O:CI\VI\S F\>re\llr‘n”\1a\ry\ V\g‘=7\-r\e\‘/,|‘_s‘5‘1\fb-\1 “lgjzis \.re\v,\Llsjg\G\fb\q: < 24:I T T T\T LI | LI | LI | LI | LI L L I:
£ ol — Observed 1 £ 22k ATLAS Preliminary =
< ~BExp.forSMH [ W o (s=7TeV [Ldt=46-481" 3
o 8? ’ E 18E- fs=8TeV |Ldt=2031b" 3
6ﬁ ; 14;_ m,, = 125.5 GeV _;
5F = 12 | =
o . - — combined -
4 — 10 -- SM expected =
3 - 8t E
: E 6F _—

2 ; 4;_ L A

1F : 2 | Nl L
O:\ 1| ‘ I | ‘ I ‘ 1| 1 ‘ 11 \: Oq-l--l-l--l--l---I--I--I-I--l.;l:.l-:-l-L ------- - I-_-‘I ----------- | I--I--I-l--l--I-I--I--l--l-l--l--l-I-l
0 1 2 3 4 5 6 05 0 05 1 15 2 25 3 35
LR /

VBF,VH ' ggH,ttH Hygr ! M ogratn

HUVBF VH/,LngF ttg = 1. 538+(1) (75411:13 IUVBF//«‘ggFHtH = 1-4+ (Stat) iy (SYS)

e Evidence of VBF production at 3.210 (CMS) and 4.10 (ATLAS) against zero

CMS-PAS-HIG-13-005 ATL-CONF-2014-009
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g 6 T T T T ‘ T T T T ‘ T +1 i_l 111111 ll:’: 1 O |_| | T T 17T | L | T T 17T T T 17T | T T 17T | T T 17T | .| T .l T | T T 17T |_|
w " 68% CL —-n I = -+ Standard Model /7, ATLAS Prellmlnary .
@ i o + H—o WW = z ~  x Bestfit o S
1 i H_ ZZ *N L-I_'- 8 —_ — 68% CL :' \“ \/g = 7 TeV JLdt = 46-48 fb _—
=@ O ..os%cL : . {s=8TeV JLdt=20.3fb" _
4 | H— bb >-j_ B ! \‘ ]
- H- vy 6 - —H-yy ]
B | L —H > ZZ" - 4l _|
- — H - WW* = ivlv =
B ] B H- 1t 7
2 - ar -
i . 2 — —
o i O .
- . | m,=125.5GeV ]
| | ‘ | | _2 1 1 | | - | 1111 | | - | 1111 | | - | 1111 | 1111 | 1111 | 1 1

3 5 3 2 1 0 1 2 3 4 5 6
38 17,22 WW* 1t

ggH,ttH l"ngF+ttH

e SM Higgs boson point pyge vy = Hggnun =1 is Within 1o level of all channels

CMS-PAS-HIG-13-005 ATL-CONF-2014-009
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X' Framework for coupling scale factor measurements ‘\V«

¥

e Test SM by applying scale factors «. to each coupling and fitting for «.
= Assume a single resonance with a mass of 125.5 GeV (ATLAS) or 125.7 GeV
(CMS)
= Zero width approximation -
(6 -BR)(g9g — H — f) = 0:1";. ! Ftotzzri+FBSM

tot

= Test for modifications to the magnitude of the couplings

e For each final state, production and decay can involve several couplings
= For example, with H — vy one can probe «, and k,

KJ2 . H2
(0 BR)(9g — H = 77) = o599 — H) - BRsu(H — ) -~
) H
.
Not all couplings accessible. . o w y
Benchmark models defined f " Lo

by the LHC-XS-WG P k |
R
Y

Note: interference
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e Test the couplings to fermions and vector
bosons assuming only SM particles
contribute to H — yy and gg—H vertex loops

e Scenario where only SM particles
contribute to the total width

TTTT { TT 1T { TTTT { TTTT { TT 1T { TTTT { TTTTTTTT { TT 1T { TT 1T
; L. - '.H — ‘H — =
4C  ATLAS Preliminary  =iH— 2|b ------- H S M
Vs =7TeV [Ldt = 4.6-4.8 fb g H — vy @ Combined
- J SM T Best Fit

||||||| |||||||||{|||||| (I I |||l||||| 1111

Vs =8 TeV [Ldt = 20.3 fb"

0.6 07 08 09 1 11 121314 15 1.6

= The Fit parameters are the coupling scale factors

K\I

for all fermions and for all vector bosons o F OSMHgg .Fmphb”kgly
- KV: KW: KZ 2 - | ; — L
[ | ](t Kb K‘E Kg 1: / /’; Hortt
° Measured couplings compatible with SM OE & Iy
ky = 1.15+£0.08 Ky €]0.74,1.06] | y
kp =0.997917T  Kkpe[0.61,1.33]
ATLAS CMS 2 - 1 -
K
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Fermion vs vector boson couplings

e Scenario with no

assumption of total width
e Parameters are the ratios of

the scale factors

ARV
KVV

e Measurements in ATLAS
consistent with large signal
strength in bosonic decays

AFV

Rvv

Carlos Solans

KF/KV

%V’“V/ﬁH

— 08675 1

_ +0.16

}\’FV

__ T | T T T | T T T | T T T T | T T T __
35 ATLAS Preliminary + SM =
250 Is=7TeV, [Ldt=4.6-48 " « Best fit =
21_E=8Tmnﬁm=2asm* —68% CL E
’ 55 Combined H— yy,ZZ* WW* 11,bb --'95% CL -
1= E
0.5F 3
0~ -
-0.5 ;— —;
M T E
1.5 E L | L L L =
0.8 1 1.2 1.4 1.6 1.8
Kyv
atias ey o] ol ATLAS Premnay gy
Fs=7Tev, [Lat=464816" g [ B=TTeV[ln=asdsn
- (5=8TeV, [Ldt=203 10" Qpserved q o (5=8TeV, [Lat=2031" a1
SM expected ! Combined H— yy,ZZ* WW* t1,bb SM expeoted

I Combined H— yy,ZZ* WW*tt,bb
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Custodial symmetry

e Identical coupling scale factors for the W 2, amaspetmnay " i
. ciy . . = (s=7TeV, [Ldt=4.6-4.8 0" L
and Z bosons are required within tight S L eorev [iez00m’

- - SM expected

bounds by SU(2) custodial symmetry i Combined o 22 MWW x5

and p parameter measurements -
gHVV =~ m%//'u p = m%v/m% . cos Oy ~ 1

e \We probe the coupling ratio of W and Z

Mz = Kw/Kz

e Assuming no BSM contributions | 5O US Py 3= 7Ty U<’ (52T L tsom e
c i xwz’ Kz, K; — Observed :
014 < 4-5; ---- Exp. for SM H E
AWz = 0-941_0.29 ATLAS §4.o b
3.50 3 / E
AWz € [0.60, 1, 40] CMS 3.0} 1
2.5 ' / =
e Allowing possible BSM contributions to 200 o
the H—yy loop by adding an effective 15F ]
scale factor ratio A, o
= Ay in agreement with the expectation of N INALE L ?
custodial symmetry 0 0-5 1 e, 2
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Test for difference in couplings to
up- and down-type quarks is of
interest for two Higgs doublet
models (MSSM-like)

We probe the SM with the ratio
My = Kd/Ku

Measurements compatible with SM
(Ag,=1) at 3.60 level mostly coming

from H— 77 in ATLAS

+0.20
Adu = 0.957{g ATLAS

Adu € [0.74,1.95] cMs

10

-2 InA(L )

_1 5.0p

£ 45]
<

o 4.0
I 3.5
3.0
25
2.0
1.5

1.0F

0.5

Up- and down-type fermion symmetry

TTTITTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT

| ATLAS Preliminary
- Vs=7TeV, [Ldt=4.6-4.81"

: (s=8TeV, [Ldt=20.3 o'

L Comblned Ho vy,ZZ* WW*tt,bb

— Observed

-~ SM expected

CMSP Imln y r 7TVL 51fb r BTVL 196fb'1 A’du
A R T ]
F 7‘* » Ky KV —_ Observed E
g \ . I - Exp. for SM H i
0.0\/, \\\\\\\\\ [ () \\\:
-2 -1 0 1 2
7\’du

Higgs and new physics at high energy - FPCP2014
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Quark and lepton symmetry

T T I T T T T ‘ T T T T ‘ T T T T ‘ T T T T I T T
10 ATLAS Preliminar Dyg Mg Kadl

- {s=7TeV, det =4.6-48 b .
- — Observed b

e Similar test is performed on the
- (s=8TeV, [Ldt=20.3fb" ]
symmetry between the quark and B Combined Ho 17,22 Wieseth T SHewecR
lepton couplings -\ NN o
e We probe the SM with the ratio

Mg = X[k

q

2 InA() )

CMS Preliminary s=7TeV,L<5.1f" /s=8TeV,L<19.6 " A
T T

e Measurements compatible with SM
(Ag=1) at 4.00 level mostly coming — Eas fwwv  —om | .q

---- Exp. for SM H E

from H— 77 in ATLAS 400 :j

3.5F
3.0f

Aig = 1.22702%  ATLAS 25

Ay € [0.57,2.05] cms 152
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Probing BSM contribution ng

e \We use Higgs loop induced processes
H — vy and gg—H that are very sensitive to

unknown heavy particles to search for BSM «, = 1.19*013 k. =0.9575;

e Probe only SM particles contribute to the ATLAS CMS
total width

= Free parameters are k, and K,

+0.15 — +0.30
kg = LO8I;;3 Kg=0.8110%

~10% compatibility with SM

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV,L<19.6fb"

z@ _I T 1T | T T 1T | T T 1T | T T 1T | T 1T | T 1T | T T 1T | T T 1T | T 1T T 1T I_ [@)) 2_07 \\\\\\\\\\\\\\\\\\\\\\\\\\\\ ]
2.4 ATLAS Preliminary + SM 9 ¥ s &b Ky Kg E
02 Vs=7TeV, [Ldt=4.6-4.8 b x Best fit = : o Seect -

C ) o E - T (] -
oF (s=8TeV, [Ldt=203fb" —e8%CL e 99.7% CL |
; gfCombined H— vy,2Z* WW* 11,bD - 95% CL E 1.4F =
E S I - E
1.6 — T I \ .
r et =l 1 10;. ----- // N "’..‘ -]
1.4 - T - - ( AN i
- { ~~~\~ ] 08f N \ ™, ]
12 Tl = R ~~ J i .
C No I ] O6j _____________ t— g ]
1__ \*~~\ N 1 T e —
- ~-- ) ] 0.4 =
0.8]- RRTREEN = i ]
o . 0.2 ]
06:| ol e b b b by b L s |? 0 0: “““““ | i i1 | i i1 | i i1 .
08 09 1 11 12 13 14 15 16 17 1.8 0.0 05 10 15 50
K Ky

v
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Probing BSM contribution \3/
e With unknown total width .
= Probe invisible or undetected final states  BRr, , =T, /Ty =1 - KHFF
= Set upper limits at 95% CL on BR,, H
= Later can be interpreted in the frame of Dark Matter searches

BR,, < 0.41 ATLAS BRpsy < 0.52 CMS

,—\3“ LI I B B R L |’| L L L L L L 2 509M8Prel|m|nary \F 7TeV L<‘51‘fbl‘\(7‘ 8TeVlL<196fb17

%-— 10F ?TLAS Preliminary . [,kgBR, ] -4 < 45; Ky, Kgs BR — Observed E

= s=7TeV, [Ldt=4.6-4.8 fb SF :

é B » — Observed 4 < - ---Exp. for SM H |5

s \s=8TeV, [Ldt=20.3 b 1 N 40F : .

! | Combined H— vy,ZZ* WW*tt,bb oM expected - 3.50 =

6: Limiting to physical range BFIi . 0 i 3_0; é

I o 1 25F 3

e LA 20

: 4 15F =

2 <4 1.0f .

- 1 05F =

O_ 1 I—-I'—|—I—I—‘I‘|—I 111 | 1 11 1 | 1 11 1 | 1 11 1 | 1 11 1 | 1 1 I_ OOE —\‘\’\’\’\’H‘\ \\HH\‘H\H \H‘HHH\H‘\\HHHE

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.2 0.4 0.6 0.8 1

BR. BRgswm
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Higgs couplings for benchmark models Kf/

(52 7TeV. L<54 b {8 = 8TeV. L<19.6 " ATLAS Preliminary Total uncertainty
S= ev, L o. S = eV, L<19.

my = 125.5 GeV + 16 + 26
CMS Preliminary il 68% CL Model: x,, K- ; ; \X
Pgy,=10% +0.08 : : B
' == 95% CL Ky=1.15 el \l/ g

Ky =l N VAT—— —
: K=0.99%01T\ A

]<~f - Model: A, kyy
=037 p..=10% +0.14 : : 1y 29
=086 | N Y g

19

..................................................... b Doy =S s 2

1 FV -0.12
A ST — Model: A, Ay Kz : : T W
Wz ] P, =0.41 Py =19% w014 ; ; a 29
..................................................... : e SN 7\’WZ=O'94-0.29 o 5 —— ; . | ,.15
7\4 -I*- Model: &y, Ay, Kuy

du » Pey = 0.39 p,,=20% Ay, € 5 5 : g
..................................................... : [-1.24,-0.81]U[0.78,1.15] |- T e A .,10
! Model: 2, , A, K ] :
7L e Do Py g . . :
|q 1 pSM = 0_49 pSM=15/o 7\'|q € : /2/('
.................................................... :. [-1.48,-0.99]U[0.99,1.50] | >~ T R - ,.]c

' Model: k, k, ,
Kg 1 p3M=9%g +0.15 : 0
: Ke=1.08707% N e

: b =023 2119078 3 ? /29

.................................................... Reervinnsennssnnsssssssnssssssssssssssnss s SN s =042 | e N '.16

Model: g, x,, B :
BRBSM = 0.41 p. =18% : BR, ,<0.41 29

Sm +0.29 : : )
R T R SRR NI L TR R R BRi -016030'.”.".'.' s i '.'@.95]'/0'.01" ~19)

0 0.5 1 1 5 2 2.5 2 -1 0 1T 2

Vs=7TeV |Ldt=4.6-4.8 fb” Parameter value
CMS-PAS-HIG-13-005 parameter value Vs =8 TeV JLdt=20.3 fb" ATL-CONF-2014-009
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Limits on new physics
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e The coupling scale factors to i S L L AL
. . . O] - ATLAS Preliminary A
different species of fermions and S %00 (o= 7Tev, L= 46481 E
vector bosons can be expressed in 280 fs=sTev, [ Lot=203 15" E
terms of € (mass scaling parameter) 20 e s
and M (vacuum expectation value) 240 < Bestt E
= SMis recovered at €=0 and M=246 - ++Obs. 68% CL g
220 - —Obs. 95% CL g
GeV - ---Exp. 68% CL .
€ Qe 200 - —Exp. 95% CL -]
/ﬁ:-—vmf’i _ My pgof e T
f,e — N 1+e Rv,j = UW -0.1 0 0.1 0.2 0.3 %4

The best-fit point is compatible with
the expectation for the SM Higgs

e Combined fits to measured rates are o .
boson within approximately 1.50

performed as a function of € and M

= Modifying production and decay rates Best-fit of M<246 GeV due to py,>1
accordingly assuming the narrow width
approximation ATL-CONF-2014-010
arXiv:1303.3879
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V-

If the Higgs were a composite
particle the couplings to
fermions and vector bosons
would be modified by its
compositeness scale, f

= Scaling parameter ¢ = v?/f?
= SMrecovered in { — 0

MCHM4 />710GeV
x Couplings: x=«ky =kr = 1-&,
= Observed: ¢ =1— pu, =—0.3010 17
MCHMS5S 7> 640 Gev
= Couplings: kv = V1-¢ kr
= Observed : {=—0.08"51g

4

o

Minimal Composite Higgs Model

| T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
S Preliminary

Vs=7TeV, det = 4.6-481fb"

ATLA + SMm X Best fit

— Obs. 68% CL =~ Obs. 95% CL

Vs=8TeV, det =20.3fb"

— Exp. 68% CL =~ Exp. 95% CL

Combined h—> yy,ZZ* WW* 1t,bb

Higgs and new physics at high energy - FPCP2014

[£=0. -

o > -

:I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :
4 0.8 0.9 1 1.1 1.2 1.3 1.4

0.18 K

pn = 1305077

K=/l = 1.14Jj8:8§
ry = 1.15 £ 0.08

kp = 0.997917

ATL-CONF-2014-010
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In the 2HDM the SM Higgs sector is extended by an
additional doublet predicting existence of five Higgs
bosons

= Two neutral CP-even (h, H), one neutral CP-odd (A), two
charged bosons (H*)

= Each doublet has expectation value:
vi 4 v3 = v? ~ (246 GeV)?
Described by six parameters
= Four boson masses: mp, My, M, Mg+
= Mixing angle of the two neutral CP-even states: &
= Ratio of the two vacuum expectation values: tan 8 = vy /vy

Coupling of the two neutral CP-even Higgs to vector
bosons fixed by gauge invariance

Four types of 2HDM

= Type |: one couples to vector bosons, other couples to
fermions

= Type ll: one couples to up-type quarks, the other
couples to down-type quarks and leptons (MSSM-like)

= Type lll: couples to quarks as type |, and leptons as type Il
= Type IV: couples to leptons as type |, and quarks as type |l

Carlos Solans

Two Higgs Doublet Model

tan

0.1 |
-1 -0.8-0.6-0.4-0.2 0 0.20.4
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2HDM Type I ATLAS Preliminary

—— Obs. 95% CL Vs=7TeV: [Ldt=4.6-48fb"
X Best fit Vs =8 TeV: [Ldt = 20.3 b

- === Exp. 95% CL Combined h — yy,ZZ* WW*

— = SM h — tt,bb

W T |III_

1
[/

\

0.60.8 1
cos(p-a)

ATL-CONF-2014-010
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Simplified MSSM model

e 2HDM Type Il results canbe « 10

interpreted in a simplified
MSSM model where
couplings to vector bosons,
up-type fermions and down
type fermions are completely
determined by m, and tanf

= Loop corrections from stops
in ggF production and yy
decays are ignored

= Higgs boson decays to super-
symmetric particles are
neglected

=  SM couplings are turn cast in
terms of m, and tanf
e Observed limit is stronger
than expected since
measured rates in H — vy
and H—ZZ"—4[ are higher
than predicted

-

©
e

10"

P
L\ ATLAS Preliminary .
B €> ]
. 068 Vs=7 TeV, J Ldt=4.6-4.8 fb™ —
Putipre : 1
“ S {s=8TeV, J. Ldt =20.3 fb .
— Combined h — vy, ZZ*, WW*, 11, bb |
‘ ‘ Simplified MSSM [k, K., K]
“‘““ . —Exp. 95% CL  —Obs. 95% CL

3102 4x10°  5x10? 10°

Observed (expected) exclusion limit at 95% CL

m, > 400 (280) GeV for 2 < tanp < 10

ATL-CONF-2014-010
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Dark matter nucleon cross section \}2

B

e Interpret the upper limit on BR, , under the assumption of SM cross section, in the context of
a Higgs portal model of Dark Matter (DM) interactions

e DM-nucleon elastic cross section for scalar, Majorana fermion or vector boson WIMP
= Considerably more stringent at low mass and degrade as m approaches m,/2

1 —

p— 1 0 = X T T —T T | T T T T — T A -39 TTT ‘ T T TTTT ‘ T T TTTT ‘ T T T TTTT ‘

QO % Combination of VBF and E 1077 L - —

2 1072 7 ZH, H — invisible CMS 9, - ATLAS Preliminary -

= S3E X \s=8.0TeV, L= 18.9-19.7 fiy" (VBF+ZH) bi 104 .

-~ 1 £ /, _

»~ 10 \ 7 ls=7.0TeV, L=491b" (ZH) B(H—s inv) < 0.51 @ 90% CL — —
g 1 0-4 ; m,, = 125 GeV 1043 -
® N _ 45 ]

5 gl *
O 10° =\ = B ]
n 7 Y v s=7TeV, [Ldt=4.6-4.81b"
o 10 i T \s=8TeV, [Ldt=2031" -
w -8 — 1 0-49 — R —
o 10 = - h—svy, h>ZZ* 4], hsWW*Ssivly, |
A ——— - miss —
& 1 0-9 ‘ - — [ cRessT o 105 h—1t, h—bb, Zh—II+E; ]
- ' e e omianz012 [ DAMA/LIBRA (99.7% CL)  ATLAS (95% CL)in  _
o 1 0-10 ......... XENON10(2011) 53| [ CRESST (95% CL) H|ggs portal model: H

9 11 Min I:I- 8AgA|G$FRA )/90%CL 107°F L__1 CDMS (95% CL) === Scalar WIMP 7

- === 0GeNT(2013)/90% — %, —

S 10 Latti [0 CoGeNT(2013)/99%CL 55] B CoGeNT (90% OCL) === Majorana WIMP

=) attice ; 1055 —— XENON10(90%CL) s Vector WIMP ~ —

-12 B~ - e ] CDMS(2013)/95%CL , o ]

< 10 Max =) couppor2) [ —— XENON100 (90% CL) ]

—— - LUX(90%CL) F eieres LUX (95% CL) *

% 10_13 Ll L L co | L L I I T 10_57TH\ Ll Lol L1
2 3 2 3

10 10 1 10 10 10

DM Mass M, [GeV] m, [GeV]
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Conclusions

e The full Higgs physics potential of the LHC Run-| is almost exploited

e ATLAS and CMS discovered a Higgs like particle with mass
compatible with 125 GeV

® Spin, parity and signal strength measurements compatible with SM
Higgs boson (JP=0*, Uygr.yi = Hggrs = 1)

e Differences up to 10% of the coupling scale factors and overall
compatibility with SM predictions

e Run-Il and beyond will offer the potential to more precisely measure
couplings, further constrain rare decays, and determine a possible
CP admixture
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Backup
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ATLAS experiments

Carlos Solans

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet  SCT Tracker
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Pixel Detector TRT Tracker
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CMS detector

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Niobium titanium coil carrying ~18,000A

Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
”—.‘

. MUON CHAMBERS

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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Basic statistical procedure

e Construct a likelihood from Poisson probabilities with a parameter
of interest (signal strength in this case)

L(data|u, 8) = Poisson (data|u - s () + b (6)) x p(6]0)

©:Signal strength 6:"nuisance” parameters
e Hypothesized value of mu is SnA() = —2 L (u,é(u))
.  ~fi qu = —4lnA(f) = —4in R
tested with a test statistic I (ﬂ,e(u))

e Systematic uncertainties are included as nuisance parameters
constrained by chosen pdfs (Gaussian, log-normal, ...)

e Combination amounts to taking product of likelihoods from
different channels

L(data\u, (9) — Hz L, (datai“l, (9@) arxiv:1007.1727
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Higgs discovery \y
Q_o IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII Q_o 103Illléllll|IIII|IIII|IIII|IIII|IIIIIIII
= ATLAS 2011 -2012 — 102k --SMH-yyexpectedp ATLAS
S Vs=7TeV: JLdt=4.6-4.8 fo’ e Exp. g 1 0
Vs=8TeV: JLdt=5.8-5.91" Do |- N ST e
1 e - - - A D LI IIIIIIIICIIIIIIIIIIIC o oTTITIIIIIIICCIZIT Oc 102 i
O B T T T e e - 2 1o 10° E. N /]
102 [Beeennn. T e 20 1074 Bl
3 ________::'_'_:-_-_ _______________________________________________________ SE.S e NN
18.4 % 18—6 \ Data 2011 (s =7 TeV 5o
w0 e 4o 107 E — Obs. 2011 -
10° 100E ....Exp. 2011 \\ J Lt = 4.8 6"
S T | DoE —obs. 2012 Data 2012 Vs = 8 TeV
-8 \\ i
09 N - . 10 Exp. 2012 I.Ldt =20.71b" 76
107° 1 8’13 -
10-11|||||||||||||||||||||||||||~~|\1||||'|"" 10-14|||||||||||||||||||||||||||||||||||||||
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, [GeV] m,, [GeV]
Phys. Lett. B 716 (2012) 1-29 Phys. Lett. B 726 (2013), pp. 88-119
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