S/(S+B) weighted events / GeV

Compact Muon Solenoid

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

e e e B e

4 10 ‘
F — H— yy tagged
< oF CMS —— H— ZZ tagged
< F H— Y + H—ZZ Combined:
o 8 WL (ggH.tH), — stat. + syst.
' F z'n - stat. only
7F pn(VBF’VH) +0.26 +0.14 E
E m, = 125.02" 027 (stat) 018 (syst) ]
61 . ; E
4E \ ‘: =
= \ h ] Y
3f \ : ]
2F
k \)0& s
0 -
123 124 125 126 12 i
. 19.7 b7 (8 TeV) + 5.1 fo' (7 TeV) ows rT\]s“7(YeVL Stib'iise o
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the Higgs boson
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CEA-Saclay/IRFU/SPP, Gif-sur-Yvette, France

ICPPA, Moscow
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Measurements of the properties of

CEA

- Saclay

Combined 22 cbserved
------- Combined ZZ expected

CMS 19.7 1 (8 TeV) + 5.1 6" (7 TeV)
— 7
€ 10k 4l observed
a [ 4l expected
' p— +4zmh , observed

19.7 b (8 TeV) + 5.1 fb' (7 TeV)

T
CMs Combined
= 68% CL Untagged
3 | n=087+0.16
—95% CL
o SM Higoe VBF tagged
- n=1.14£027
VH tagged
(M, ¢) fit i 1=089£038
=68% CL —
5% CL W=276£0.99
| 1 T
1 10 100 ;
Particle mass (GeV)

CMS X 22+ WW

CMS m, =125 GeV
w=100:013 | Preliminary

—_—

2 3 4
Best fit o/c,,
197 16" (8 TeV) + 5.1 fb' (7 Tev)

120 -e-Observed ---Expected
100F mmo' +1o [ FExd
0+t2c WS 20
> 80¢ 0" +3c S 30
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Explore High Energy Frontiers m

aaaaaaaaaa

With the discovery of a Higgs boson the SM is now complete!

The SM begins to unravel when
1 Major questions of PP justified by exper- probed much beyond the range of
current accelerators
(unstable vacuum at the Plank scale!)

imental observations remain unresolved

w DIV points to new type particle

0.10
1S I I
BAU requires B, Il processes - e = 125 Gey
m Neutrino mass suggests [ |7 badsin
— i = d 0. [+
sterile or Majorana neutrino S 0067 a,(M,) = 0.1184 + 0.0007
. .. S 004 A(p) < 0 at 10 Gevl
1" Indirect searches through precision : =
measurements (rare processes) § oo
_ % - S M, =1710GeV
w many BSM models predict £ 0007 :
AgHXX/ gHXX S 1 —10% ~0.02 | “n;'ggmz-}-:- 01163 ]
: : ' ,=1753GeV
w |s Higgs potential A(u) as A L ey
expected? (check consistency) 07 10% 10° 10° 101 10'% 10% 10 107 107

RGE scale p in GeV

Everything proves that NP must exist, but... At What Energy Scales?

S. GaﬂjOlll“ Higgs Properties at CMS 2



Probing the Standard Model

ﬂ

CEA - Saclay

1= SM is self-consistent model accounting all PP
phenomena at energy of current accelerators

> with myy all parameters of SM are known

1" myvy is a fundamental parameter of the SM

TO

1
Gpﬂsin HW\/ 1-AR
Radiative corrections AR ~ 4%:

My =

AR ~ m}

AR ~ logmpg

myy = 80385415 MeV, m;=173.240.9 GeV
current p-value for (data|SM)=0.2

[GFltter group, arX|v 1407_3792] NQLO test

- 8% and 95/ cL contours i : mywor 'd comb. + 1 -

11 R 173.34 GeV _

80.5 _— B fitwio M,, and m, measurements ] --5=076GevV —

C fit w/o MW, m, and M, measurements ‘ | —o=076®0. 5°u dev d

C direct M, and m, measurements i a1

80.45 — ]

80.4 C |

My world comb. £ 15 —

80.35 — m, =80.385 £ 0.015 GeV Z —

80.3 [ —

- ‘Pe’f\f.— 5(’)' . -

80.25 [~ 7 < €] fitter].):

AT I o B £ § R T B

140 150 160 170 180 190

mt [GeV]
L o e e e e LA IS B s s s s s e e e e e -
Wb S fiferL:
TE [ sm fit with M, measurement 3

4 "8 Tif wio M, meastrement <7777 s e —2c
3.5 --HEH ATLAS measurement [arXiv:1406.3527] =
E CMS measurement [arXiv:1407.0558] 3
3 —
2.5 —
2 —
15 =

S D 1o
0.5 — —
0 : 11 | | I T | | L1 1 | | N ] | L1 1 | | | N I | | L 18] | | | I T :

60 70 80 90 100 110 120 130 140

M, [GeV]

Precision tests of further
consistency of the SM are
mandatory!
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LHC Performance ﬂ

@S, |

MS Integrated Luminosity,
Extreme]y successful CMS Integrated Luminosity, pp

Operation Of the LHC fOI' Data includeld from .2010_03‘_30 11:%1 to 20.12_12_1.6 20:49‘ UTC -
( m— 2010, 7 TeV, 44.2 pb!
these 3 years X ’
"

N
[}

= 2011, 7 TeV, 6.1 fb '
"\ | === 2012, 8 TeV, 23.3 b !

N
o

i Started with 7 TeV collisions

Moriond13
1 Upgraded center-of-mass en- 15 TS
ergy to 8 TeV in 2012
10 110
1= Available dataset for the analy- HCP2012

ul
T

Total Integrated Luminosity (fb ')

ses with all subdetectors on /Xloo

w7 TeV: <5.1 fb~!
e . 0

0 | L [l L
w8 TeV: <19.6 fb? IR ‘)/“ o 0 o o (o oo
Date (UTC)

> high detector efficiency

Observation(ICHEP12)

LHHC, festarted n im? W;fhva Vv/$s=8 TeV: 25-30% higher cross section than
collision energy of =13 1e 7 TeV at 125 GeV Higgs boson mass

S. Ganjaur Higgs Properties at CMS 4



Detector Layout and Subsystems

ﬁ
/

Silicon Tracker
Microstrips/Pixels

Superconducting
Coil (3.8 Tesla)

ECAL Barrel
PbWO, crystals

Muon Barrel
DT/RPC

HCAL Scin./brass
sandwich

ECAL Endcap
ES Preshower

Muon Endcap
CSC/RPC

S.Ganjour
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Data and Reconstruction Challenge

CMS Average Pileup, pp, 2012, Vs = 8 TeV

— T 15 Excellent performance of the CMS experiment in 2012

o -]
(=] o
u
=]

»
o

Recorded Luminosity (pb '/0.04)
N w
5 &

[
=]

% ) 40 4% N % 20 2% a0 0
Mean number of interactions per crossing

iz Particle Flow algorithm:

m provides a global event de-
scription in form of list of
particles

™ jmprovements in jet, T
and E7" measurement

Remarkably improves
reconstruction performance at

high PU

m 90% of recorded data for physics
(all subdetectors on)

w peak luminosity 7 x 10%3cm 257!
at 8 TeV CM energy

w mean pile-up (PU) 21 events

I I 1 I 1 I L L

om im Zm im 4m m Gm m
Legende :
Muons
Electrons h
——— Hadron chargé
~ - — -Hadron neutre 3z \
-=--- Photons @ % -

Trajectographe

F bl

& e, .
I Calorimétre\ TIIR
i) ] électro- 4
magnétique \\/
Calorimétre Aimants

WiUE FanSverse I1adrunique (supraconducteurs) .
de CMS —_— Chambres a muons
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Higgs Boson Production

CEA - Saclay

Gluon fusion (GF) and Vector o I,
Boson Fusion (VBF) are the two S Vs=8Tev
most copious Higgs production T 10p .t
processes at LHC T T
o
Gluon Fusion (87.4%) Vector Boson Fusion (7.1%) ° 1 = E
g q > > q C 7
W ,Z 1 _
t b """"""" H s H 10 E g
W,z i
8 q > ' q 102 =
Associated with W/Z (4.9%) Associated with Top (0.6%) 80 '160 200 300 400 1000
WZ g QQQ r—>»—1t My [GeV]
A
[ H GFE and VBF provide wealth of
w8 000 e F information on its couplings to bosons

and fermions today

S. Ganjaur Higgs Properties at CMS {



Higgs Boson Decays

Eu

Very rich mass region but
also very challenging...

1 5 decay modes exploited:
YYs ZZ, WW, TT,bb

1" 2 best mass resolution decay
modes (~1%): v, ZZ

1z° Also includes searches in
H—Zyand H— u"p

Decay Exp. Sign. oy /M
at 125.7 GeV

H— vy 3.9 1-2%

H—ZZ—4l 7.1 1-2%

H—WW—2|2v 5.3 20%

H—bb 2.2 10%

H—7r 2.6 10%

LHC HIGGS X5 WG 2010

Branching ratios

_3| | I | |||||| III|I |
107100 110 140 160 180 200

M, [GeV]

S.Ganjour
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Five Main Channels -

CEA - Saclay

19.7 o™ (8 TeV) + 5.1 fb™" (7 TeV)

cMS \s=7TeV,L=5.11";1s=8TeV,L=19.7 " > x10°F oms
> : T I T T T I T T T | T T T ‘ T T T { T T T [ o = q.) o .
o 35 ¢ Data - § 1000~ -®-data [M.=125Gev CMS O S/(S+B) weighted sum
Q] C 3 8 - \:|ww \:|W+jets ; E ¢ Data
2 30 F - Z+X ] o B .WZ/ZZ \:‘Top {s=8 TeV,L=19.5 b c 3 E —— S4B fits (weighted sum)
L . . 8V - [O) Fo®a e B component
- - -1 ~
"2 C I:I Zy,7Z ] é 800— [l z+iets [/ bkg uncertainty ls=7TeV,L=4.91b 3 25 g - 1o
[) r ] ~ B eu 0/1-jet he] o 0 TR, *20
> 25 [ |m,=126Gev 2t e
r . g 800 __ N% [ e cta-bogand  CMS '5) 15F
20F ] (0] B S = . M=125 GeV (5=8TeV, L =195 15" o F
. 1 8 S o 7 kg wncertainy (5=7TeV, L =49 b = = 026
§ . £ B i o ey 0/1-jet a E n = 1.14t0:23
15 7 K= B g + 05 m,=124.70+0.34 GeV
[ B O 400(— g FEoH
L i = 2 wn F
C ] - g = N N RN EFUII EFITI R R W
- - o L 2 N T T T T T
101~ = & 2 77 D 200 -
C y FJ B F4 B component subtracted
|- 2 —
F 00 100
Sl l R !
1 N 1 l 4 M, [GeV/c?] 0
0 l | 5| 0 L - TS —l o o—. é L& 100 *%
80 100 120 140 160 180 % 100 190 20 = R A T P P PR D T
m,, (GeV) M; [GeV/c?] 110 115 120 125 130 135 140 145 150
4 m,, (GeV)

CMS, 4.91b"at 7 TeV, 19.7 fb" at 8 TeV

— I T _ 1 H125 Gov :)rr m L T T T T ‘ T T T T | T T T T ] T T T T I T T T T I_
E r e €1, 7,1, el 40F fnatafﬁackgfo)und ) g 80_ CMS y e Data |
O 2500 [- ok sy |2 TUL (5= 7TeV, L=5.010" vm ]
= - ; o [ 's=8TeV,L=1891" — .
& - o L . = ]
S ] d : ] : 3 b : S 2000 | ° e % 60— pp —> VH; H - bb —— Sub. MC uncert.  _|
olid signal in 0sonic 3 2% + | 56 oo et
decav channels and = 1500 F e - 3
y o L m., [GeV] A CE 40— |
. . = [ ] L i
fermionic final states 5 I s samscone | D | ]
%) 1000 [~ —— gbserved 41 0 I i
starting to build up excess Z | = 1 20- -
+ 500 [ [ Electroweak 7 - -
) i [ acp ]
» 3 ]

0 100 200 300

mGev oo vy v v by v v by v by I
o ] 0 50 100 150 200 250

m(jj) [GeV]
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Characterization of the Signal: Mass a

19.7 0" (8 TeV) + 5.1 fo'' (7 TeV)

19.7 0" (8 TeV) + 5.1 fo (7 TeV)
% _| L e N L B e _| 10:| 1 T T ] T T T 1 I;I—i_;'yflytlaggled T
© - CMS * Combined £ gf_ CMS —— H— ZZ tagged
6 5olH-yy+H—2ZZ | & Hovriaged < f[Hoyy+H->ZZ Combined:
- Z5 H-» ZZ tagged N 8E u u (ggH.ttH), — stat. + syst.
- . 2z "y - --- stat. only
i ] e 1 (VBF,VH) =
- - - " my = 125.02'3% (stat)**™ (syst) 7
15_— S - 60 ‘ . -0.15 E
1.0¢ : 4L -
| s Y
0.5_— B 23— —f
: I z
0.0_ L T T T (— ] O: T ST N S R [ IR R .
123 124 125 126 127 123 124 125 126 127
m, (GeV) m, (GeV)
[HIG-14-009) 1 To reduce model dependence:
1 Likelihood scan for my and allow for free cross sections in five
relative yields are defined by the SM channels and fit for the common mass

myx = 125.02 £ 0.27(stat) &= 0.15(syst) GeV

S. GaﬂjOlll“ Higgs Properties at CMS 10



Compatibility with SM: Signal Strength a

19.7f0" (8 TeV) + 5.1 fb' (7 TeV) 19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
Combined CMS m, = 125 GeV Combined CMS my =125 GeV
=1.00+0.14 .
il DSMZO-% w=1.00+0.14 psm=0'24
H — vy tagged A
w=1.12+024 Untagged |
uw=0.87+0.16
H— ZZ tagged
u=1.000.29 .
VBF tagged
i —
H—> WW tagged w=1.15+0.27
w=0.83+0.21 =
VH tagged
——
H — 7t tagged B u=0.83+0.35
uw=0.91+028 -
H — bb tagged ttH tagged =
i=0.84 1 0.44 - W=2.75+0.99
1 1 1 | | | 1 | 1 1 1 1 1 I 1 1 1 1 | 1 1 1 | 1 1 1 | | 1 1 1 I | 1 1 1
0 0.5 1 1.5 2 0 1 2 3 4
Best fit o/c,, Best fit o/c,,
Event yields in different production and = Qverall best-fit signal strength in the
decay tags are self-consistent combination:

o/osm = 1.00 &= 0.09(stat) 4= 0.08(theo) & 0.07(syst)

S. GaﬂjOlll“ Higgs Properties at CMS 11



Spin and CP-Parity

Tensor structure of the Higgs
sector (J°Y numbers) can be best
probed by angular analysis

1= Allow assessing the individual terms in
a generic parameterization of the La-
grangian

1= Mixing between CP-even and CP-odd
state can in particular being studied

1= The decay amplitude for a spin-0 boson

A= ’U_1€TME;V(alguuM§( + aA2q1,.92v + aSG;ujaﬁq?qg)

e SM-Higgs — ZZ WW:

> a; 70, az ~0(1072), ag ~O(107")
m SM-Higgs — ~:

> a; = —ay/2 #0
b BSM pseudo-scalar Higgs

- a3 #0

S. Ganjaur Higgs Properties at CMS
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Spin and CP-Parity ,:‘!

[HIG-13-002]
Spin and CP-parity hypotheses are g Cepemmy GeSTrevieinEsevizen
° o ° ° % 01— i____§0+ ]
discriminated by angular analysis g S ]
. g 0.08 B — CMS data
iz Spin-0 and 2 are only allowed by H— ~~y g
(Landau-Yang theorem) § oosf .
0.04f .
The data disfavours the 0~ (2) :
hypothesis with 99.98% (99%) CL 0.02f .
120 CMS _X-ZZewWW 19‘.7fb‘f (8TeV) +5.1 fp" (7 TeV) 07 O A B
5 --Observed ---Expected : : i 100 -30 -20 -10 0 10 20 30
= 100f mo:ie  EESE L -2xIn(L, / L)
i~ 80 'j | _
= ; s o TN TN T S T CMS 19.7fb1(8TeV)+5.1 fo" (7 TeV)
£ 60F Lo - P o SRR SRR R R AR RN RRRAE
X 40k QC) 0'09; gg—>X( )—>ZZ+WW+W E
oy E - — Opserv
2oir rFl lrrflftll l 5 008" Observed
of I] III'iI II IIIIE 3 0.07F
20F 8 B
40t 3 0.06f
60F 2 0.05F
. + §+E +2 +2 += +o0 +2 E.:.%.§E+E +8 +2 +o +0 +2 +_'E._:.%.§ E
el gg production qd production 0.03 i
0.02}
The observation is well compatible with SM 0.01"
Higgs expectations (0F) 0* 10 20 3040

2xIn(L, /Ly)
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Higgs Couplings a

Extracting Higgs couplings requires assumptions at LHC

Blii — H Lil'gr B k3 - k?‘
oB(ii - H — ff) ~ r, ~ osmBsu k2, 2(';|\/|s 197107 (8TeV) + 5.1 fb' (7 TeV)
.+~ |+ Observed|
~ ¢ SM Higgsg

15" Total width I'y; o< k% is not measurable
(zero width approximation!) 1

> assumed ky =~ k; BR;, for i in SM

1 Estimate Higgs boson couplings into 0
“Vectorial” and “Fermionic” sets:

b H— ~~ is the only channel that is 1
sensitive to ky or kp relative sign

=> possible to sort out degeneracy

-2

o
ot
o

1 1.5

Lgg ~ k% L, ~ |aky + Bkr|?
(B <0)

In agreement with the SM within
uncertainties

S. Ganjaur Higgs Properties at CMS 14



Summary of Coupling Measurements a

CEA - Saclay

Compatibility with the SM Higgs Boson Couplings

19.7fo' (8 TeV) + 5.1 fb' (7 TeV) 19.7 b (8 TeV) + 5.1 b’ (7 TeV) 19.7f0' (8 TeV) + 5.1 fb' (7 TeV)
CMS = 68% CL CMS - 68% CL CMS - 65% CL
==95% CL ==95% CL N 014 ; ==95% CL
: ' =0.92"" il
Ky = 0.95°01% - K, = 0.96°0 ¢ - wz ~012 ;
Ky =1.01°007 -
+0.16 | 0.28 ’ :
K, =1.05 7 ¢ l—— Ky = 0'64jr0.29 —— K = 0.87T8'1g .-
+0.19 ; +0.18 +0.19 :
K = 0.81 015 —*:— K, = 0.82° 0.18 i xdu =0.99° 018 —+—
] N )\’ = 1-03+0.23 '*
0.33 ' 0.34 ' R
Ky = 0.747750 | el e K = 1.60"05, ..__.__ Iq 0.21
. Ky =0.89"210 ol
— +0.19 : _ +0.15 : :
K. =0.847 2 il Kq=0.75773 - +0.12 .
: Ky =1.147013 e
K, < 1.87 — : . | K, = 098707 ——— BRggy < 0.14gm— i ‘ |
L L L1 L TR TR B R SR oo b by EE— N S E— L
0O 05 1 15 2 25 0O 05 1 15 2 25 0 05 1t 15 2 25
Parameter value Parameter value Parameter value

The generic
five-parameter model not
effective loop couplings
(the SM structure is assumed
for loop-induced couplings)

New particles can modify the

Effective loop couplings  loop-mediated couplings and
assuming 'ggy = 0 contribute to the total width

Liot = S Uism) + I'Bsm

No significant deviations from the SM Higgs boson are found so far

S. GaﬂjOlll“ Higgs Properties at CMS 15



Width Ty )

CMS 19.7 o (8 TeV) + 5.1 o™ (7 TeV)
In the SM I'g ~ 4.1MeV for E 8 | obseves ]
my = 125GeV i
. ) % 6f I 994/ bkg. 7]
15" Direct measurement exploits my and m.. spectra g Eqﬁl—>4€bkg-
- Z+X
w |imited by experimental resolution (1-2%) o I ]
- T < 1.7 GeV at 95% CL (exp. 2.3 GeV) . [ l | ]

il

15 A lower bound on the Higgs width from its lifetime % JJJ_,J'I_& i

e . -500 0 -
measure d!splacement ve.rtex between [HIG-14-036]  cAt (um)
H production and decay in H — Z7 — 4l
CMS 19.7 6™ (8 TeV) + 5.1 f5* (7 TeV)
— o
w T > 3.5 X 1072 eV at 95% CL O e
ol 202v + 4l observed
15 |ndirect limit through off-shell production ;=
SRR Combined ZZ expected
 Goft_ahell ~ £ does not depend on o
total width 'y as 0., does . .
m assume the on-shell and off-shell
couplings are the same T e
- 'y < 22 MeV at 95% CL (exp. 33 MeV) T T

[HIG-14-002] Ty MeV)
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Invisible Higgs Decays BRj,y ﬂ

CEA - Saclay

[HIG-15-012 (new)]

A non-zero partial decay width

[T T T T T T T T T T T T T T T
[ CMS —e— Observe d

Events

) 104 CMS —8— Observed

to invisible particles could O G-stevL-tosm® ;:?:J?:;iii;:“ L A OE
o o S VBF H(inv) Veets sol Z(1) H(inv) - ]
provide evidence for NP P - EWZ :
< 40 A

L% D DY(ll)+jets

= Direct 95% CL on BRyyy
using VBF,VH and GF
tagged events

D tLEW,WW,WHets —

150 200 250 300 350 400 450 500 “" TR

ET™® [GeV] m, [GeV]
Channel | obs. | exp. Lo 1.?.?..1.?.7.fF?..(f?.T‘%Y?.T.°..4?’.TF’.T..(Y.T.?.‘{)
VBF 057 O 40 o 950/129;11.7 fo (8 TeV) +0-4.9 fb'lgMTSeV) § j ;L\Enir:aryf | —ibpffz:: _
= 2851 A imi ) |- Combination of all  / =

VH 0.60 | 0.69 S oTEmee e
GF O 67 O 71 I_T E [ Expected limit (1o) 55_ _;
. . E’ Lsf- Expected limit (20) +F _E

o - F ]

r 3F E

Comb. | 0.36/0.30 £ o
05— 1F ) —z

1" Precision could be pinned down e R R T Sy —

to 5% level to BRy,y at HL-LHC Consistent with global coupling fit:

BRiyw < 0.52 at 95% CL
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LHC Up To 2021 and Beyond a

~- i —

The exploitation of the full potential of the LHC is the highest priority
of the Energy Frontier in both Europe and US

New LHC / HL-LHC Plan

Ls1 EYETS 14 TeV LS3
13-14 TeV R
5to7x
injector upgrade i
splice consolidation sps cryog s Point 4 . nominal
8 TeV i o d i H;fe‘\'fw"ﬁc?n uuuuuuuuuuuuuuu luminosity
—— R2E project suppression V.e-IiL\‘ ns P
collimation +\
radiation
damage
2 x nominal luminosity 4.‘
nominal nominal luminosity || experiment upgrade |F—"" !
uminosity 75% | experiment beam pipes |/—'_ phrase 1 experiment upgrade phase 2
EEXSE 100 fb'" 300 fb"! 3000 fb™'

1 LHC approved running to deliver _ _ |
300 fb 1 by 2022 1 Experiments will undergo a series of

detector and trigger upgrades

1 Post LS3 operation (Phase Il) _ o
aaL=5%x%10% cm2s! > to cope with radiation damage

3000 fb~! over 10 years and high pileup (140 PU events)
m to maintain or enhance the

1 Major upgrades required on the LHC current physics performance

(replace more than 1.2 km):
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HL-LHC' as Higgs Factory a

HL-LHC i1s the benchmark Channel o, pb Rate, Hz Events, Events ,
-1 -1 -1 -1
Hicos factor L=50pb™" s L=3ab L=30fb
885 1€ Y (14TeV)  (14TeV)  (14TeV)  (8TeV)
(a couple of Higgs per SeC) GF 50.4 2.52 150M 600K
. ] VBF 4.2 0.21 13M 48K
1 Most of the exclusive final WH 15 0.08 4 5M 21K
states are accessible ZH 0.9 0.04 2.6M 12K
ttH 0.6 0.03 1.8M 4K
m 20K H — 727 — 4l
m 30K H — pp HL-LHC enable to probe most of the
mw 50 H — J /by couplings including direct ttH observation
CMS Projection
| ‘ | I I ‘ i ‘ i ‘ I I | | | I 1 ;l ﬁl= 14‘ TeV ‘Scen‘ario ; "_
Ergp;;fgsgchx‘?;ﬁ:gei on : zgg:-'a[ 5 = 14 TeV Scenario 2 § 800 ATLAS Simulation %WH
COR. = CJzH
Systematics: « 3 % [Lazsoow =i
Scenario 1 U e — 2 200 Bz
unchanged = & 150 E3diphoton
- Kg —— : — [ ttbar
Scenario 2 K = = 100F e,
Ky { | C . |
scaled 1/v/L e L s0f- L 1D
—500 005 040 015 900 110 120 130 140 150

expected uncertainty diphoton mass [GeV]

Theoretical uncertainties affects the ultimate precision achievable by LHC
experiments (2-5%). Reducing them it is for sure worth the effort!
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Yukawa Couplings a

CEA - Saclay

19.7 fb™ (8 TeV) + 5.1 16" (7 TeV)

Q _||| T T IIIIIII T T T TTTJT Il_i_lel IIIIII T ]

f Z = [CcMs g5 = \/§< o ) .

m Qd 1 E_ 2(1+€) 3

o Z ;> : gy = Q(m]\;m ) wiA -

H 2 M 5 [ |e8%cL ]

7 v H o107 |—95% CL

[ |---SM Higgs b ]

1 LHC potential to probe 3 generations 102 e
w3 few % precision for 3™ generation s
-> Higgs decays to fermions (77, bb) g
° . -4 . il I ) L -O'SOO 220 2“10 2(‘50 2é0 o 300
> 3ccess to 2nd generatlon fermions 10 0.1 1 10 100

' i ' Particl GeV
-> possibly test lepton universality: article mass (GeV)
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Observation of H — pup at LHC 1s
tough, but possible!
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First RUNZ2 Data a

CEA - Saclay

LHC restarted in 2015 with a collision
energy of ~13 TeV and 25 ns bunch

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV
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Vs=14 TeV: 2.6 (4.7) higher cross section i T S
7 8 910 20 30 40 50 60 7080 10
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(grow background too)
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Conclusions ﬂ

(EA - Saclax

The discovery of a Higgs boson completed the SM,
but major questions remain

1 Vigorous update of the main Higgs results with the full RUN1 statistics
20(8 TeV)+5(7 TeV) fb! is available at CMS

1= The boson that we found looks rather “standard” scalar at first sight

> fermionic final states starting to build up excess
w data disfavor the pseudo-scalar 0~ and spin-2 hypotheses
s couplings are in agreement within uncertainties with the SM predictions

w on and off-shell Higgs boson production bound the Higgs “width”
under specific model-dependent assumptions

m search for invisible Higgs decays, key indicator for NP, is straightforward

1> LHC is a main source of information and will continue
to drive our initial observations in the coming years

> vast Higgs physics program ahead that will profit from a HL-LHC phase

> precision on Higgs properties are expected to be pinned down to a few percent

A new challenging program has just started at LHC 13 TeV RUNZ2
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How Precisely Do We Need to Measure EWSB? :‘1

Effect of New Physics on couplings:

Best IFit Plredi;tinns

Agnxx/guxx < 5% x (* ;{ev)z h—s

and predicts largest effect for b and 7 h—2Z}

kb, 200 GeV )2
f 1+ a0 oo

1 SUSY model modifies tree level couplings !’:

1" Loop induced couplings are modified due h—gg}
to a scalar top-partner contribution as

a

CMSS5M high mass
CMS5M low mass
NUHM1

LHC

HL-LHC

ILC

TLEP

SM unc. Higgs WG

-15 -10 -5 0 5 10 15
(BR—BRgyy)/ BRgy (%)

k
g :1+1.4%<

1 TeV\2 k,
1SN > ~1—0.4%
g

(1 TeV)2
’ 1.SM
k,Y

mry mr

1= Compositness models reduce couplings
according to compositness scale (£°M = ()

1111l

kv ky 1—-(1+mn)¢
Vo 1—¢, = ,m=0,1,2
A kM v1i-=¢ Ak/k ~0.1-1% precision is

needed for discovery!
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