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“. From search to precision measurementil

In the post-discovery era, focus moves from search to
precision measurements.

Higgs potential

Characteristics of the SM Higgs: §fl e zW
Decay modes
Coupling to other SM particles . o
Mass \/\/
Spin and Parity | -0
Width and lifetime L-(D,) (D'4)- (124 +14")- L F"F,,
Self-coupling. L 8y =L

\% \%

my =24y

A, p unknown -> my is a free parameter of the SM
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* LHC combined measurement of mijjili

* H->vyy: Events are divided into different m,, categories to improve sensitivity.

" H>ZZ2eetuu’, eetee’, uut uut analyzed separately
ATLAS: 2D fit to m,, and BDT background discriminant
CMS : 3D fit to m,,, BDT background discriminant and per-event uncertainty in my,

Phys. Rev. Lett. 114 (2015) 191803

3 L(a, é(a )) _ Maximum likelihood fora given o

A(a) p— - ~ p— X N ; AI 7 T T T [ T T l T I T T [ T T T T
L(a, 9) Global maximum likelihood § T ATLAS and CMS H-yy
‘<" 6 - — H=ZZ-4
; c - LHC Run 1 —— Combined yy+4/
o = parameters of interest (eg. m,) s Stat, only uncert
L F

O = nuisance parameters (eg. systematics)

a, 0 = Best fit values

L(a,0) = product of signal and background PDFs.

To combine: multiply likelihood terms for each channel

L(mH Moot (Mg ): Pigp oy (M) it (my), e(mH))

A(mH): - ~ ~ ~47 A E
L(mH’:ug/:gFHrH’/Lli’bF+VH’:LI4£’9) ol
. . 124 124.5 125 125.5 126
1 = signal strenght modifiers m, [GeV]
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Results. N

Phys. Rev. Lett. 114 (2015) 191803
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Statistical uncertainty dominates. Along with theory developments in cross-
sections, allows detailed couplings comparisons.

We have already entered the Higgs precision era: £0.19%.
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% Phase space explored by;CMSy)

(so far).
ggH qqH VH ttH Significance o, /m
Observed
(expected)
H>ZZ (&) - - - 6.5(6.3)c 1-2 %
H-> yy v v v v 56(53)c 1-2 %
H>WW(2£L2vV) v v v v 4.7 (54)c 15 %
H> 17 v v v v 3.2(3.7) o | 10-20%
H-> bb v v v 26(2.7)c 10%
H>up v v 0.4 (<0.1) & 1-2%
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Preliminary results on ttHIll

Extremely challenging production mechanism (tiny cross sections at LHC Run 1).
Very important to establish the direct coupling of the Higgs to the heaviest quark

CMS reported an excess of events with respect to the 10
background only hypothesis corresponding to 3.4

standard deviations and a best-fit value for a Higgs signal 5
strength of 2.8 +1.0 at 68%.

q>,m,_<; i w CMS ttH u u channel | \Esl,flsl'r?\ll, ,L.=l 1|9|,§ flb‘l‘
""" . c "_ - Data ]

q 3 g TrrTr——— © § 25 L tt\l;lv ]
. - . T L i i
Directly sensitive to top Yukawa coupling (only indirectly N E gZ/y* :
tested via loops ggH and Hyy). Comprehensive studies 20 mwz E
. . . - [ Others i

performed by CMS considering many final states " [ Non Pr i
including multi-leptons, b-jets, and yy. 15 - ttHx 5 —

ok —
'O r
Compared to the SM expectation the observed excess |so_ Z +
equivalent to a 2-standard-deviation upward fluctuation. & °f +
q P g e +. 4_
() F +
To be watched carefully in new data at 13TeV Y8 08 04 03 6 07 07 06 o8

BDT output
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Indirect measurement of Il

H>ZZ2>4L, H>202v, ((=e,1),
Breit-Wigner production gg2>H—>7Z:

Phys. Lett. B 736 (2014) 64

£.00000 1t - R/
NS\)'\\
.4/!/'%
£.00000 t i

2 2
do—gg—)H—)ZZ 8 eern 8 Hzz )
dn? ~ T V) R Dominant backgrounds:
Mzz (m;z —m;{) +myl - q
4 NV~ Z, £ .0000000 . MAMMN-Z,
On-peak (105.6<m,,<140.6 GeV) and off- d q q
peak cross sections (m,,> 220 GeV): d VWWIINEZ g ooo0000 S,
5 5 » CMS 19.7 o (8 TeV) + 5.1 15" (7 TeV)
on—shell dO— g ;gH g ;IZZ £1or o '
-»suaca .y 7= 1., LI e 4 expoacted
O— — d — . dm r : 202y ;i “’mm:l observed
m m B 202y + 4l expected
|m_mH |Sn1—H H™H £ —shell 8 Combined ZZ chserved
O‘o —shell | Ll Combined ZZ expeciad
2 2 O_on—shell - FH 6
off —shell d c g ggH g HZZ
o = —-dm ~ ———7— \ .
m—mpg >>I'py dm (2m2)
- - 2;
Must include interference between gg>H—>ZZ and i s8% GL
gg>Box>77Z e T
[¢] 10 201 30 40 50 60
K-factor of gg=>7ZZ not well known, assume the same as I}, (MeV)

signal and add a sytematic uncertainty.

I',<22 MeV at 95% CL
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= Rare decays: H>Zy "l

Very sensitive to possible contributions from new physics via decay loops
of new, heavy charged particles.
BRgy 1.54x103 (~10* including Z>ee/uw)

CMS results BR<9.5BRq,, . 7, H % RO
§ W

' w 0 i
CMS 1s=7TeV,L=5.0fb" s=8TeV,L=19.6fb"'
I T LIS ] LA B A J I T L} T L\l LS I LA A B I T L} L

= 40p =
4 4 ) H—=2Zy
CMS (s=7TeV,L=5fb"Vs=8TeV,L=19.6b 5 35
1600 —e Data HoZy g 20 —— Observed
1400 —— Background Model - - Expected = 10
— Signalm =125GeVx 75 g
% 1200 " —_ 25 ---- Expected +2 o
-
© 1000 O 20
@ 32
8 s0 o 15
® (o))
ﬁ 600
10
400 - P
200 °F E

foo ™ 115129~ 30— id 15 Téo S 80 Too P20 125 130 135 140 145 150 155 160
Phys.Lett.B726 (2013) m,, (GeV) m, (GeV)
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® Very rare decays: H>uu and H>E&l

PLB 744 (2015) 184
H-> uu H->ee

H-pw 19.7 fo ' (8 TeV ‘o -
- o *,".HJ, anpesansaREs C(Mse’ Jaofzee  197078Tew | e H->puu, H>ee cleanest of
[ 0,1-Jet Tight BB —— Data ] [0 ¢ 0,1-jet BB —— E . .
© 1 O * baa CMS fermionic decays.
:' 800_ = Background model ] S 3000- ~ Background model
a . @k ;
g 500:_ < SM Higgs boson x 20 § 25002 ......... sm Higgsbosonxior’_; . BSM(HQMH) - 2.2)(10—4
- “ a0 N 9
ol 3 * Byy(H=2ee)=5x10
200F 3 * search performed in
500
oL P . . K [120,150] GeV
3 B #2/INDF = 45.7/48 = 0.953; p-value: 0.566 4 E
I 2 E
8le” q 0 0
& 3 2 1|+ oB(H2>uu)<0.033 pb, 95% CL
- = 4 E
110 120 130 140 150 160 110 120 130 140 150 160

m,, [GeV] m... (GeV] B(H—>uu)<0.0016, 95% CL

Ho 'y 19.7 b (8 TeV) + 5.0 fb ' (7 TeV) Hoe'e 19.7 b7 (8 TeV)
= O 7 T T T 1 T T T §0.14 I, LN L A B LI IR R 435
< I —e— Observed limit CMS | = rCMS —e— Observed limit ] ,Ll — 0.8_3';‘
; 50F e Median expected limit - '; L Median expected limit - ’
2% 403_ ] t1oexpec1edlifr1if E % of [ 216 expected limit _ ° GB(H%QE)<0.041 pb, 95% CL
&} r +2 o expected limit b x 3 +2 & expected limit 1
E - ] go.os:— B
E wof ER | | B(H>ee)<0.0019 (3.7x10° Bq,,)
S of ] g :
g 201 ] & I .
3 ] Chaaly 7 | Run 1 data show that
2 1oF 7 B ool . . :
N So0p 1 | couplings to fermions

M PR S PR R SR S R S SR R L J

120 130 10 ;Gsov] R R T R are not universal.

m,, [Ge
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|

% Very rare decays: H>y*y=>lly, HS

H>v*y=>lly BRgy=2-3x10%; CMS results: BR<7.7BRg,
arXiv:1507.03031

Dominant SM processes:

cmsprehmmaryﬁ 8TeV.L= 197fb H—)/{—)uu/

% 6o T T T rrrTTTTTTT T T T —
O Background Model
< 50 i
% H Expected signal x10
§ 40:—
L -
30—
202—
[(H > y'y > eey) 2.9%: F(H—>77—>m17)~110/ I I
~ my,y (€
1_‘(IJ- - W) F(H - W) CMS Preliminary
= LA R I A S LA B R BN B R S
F(H —> Z}/ —> [C}/) o \ow 30 C Ys=8Tev; L, =19.7f" ]
~ 22 A) © 25 C — Observed H—y*y—uuy ]
c — ---- Expected —
F(H - W) 2 N -Exm:ea + 10 ]
E 20 [_] Expected + 2g ]
= -
(&}
o 32
H &

o

H->(J/W)y=>lly BRg),,=2.8x10¢; important to probe Higgs chafm cbupling |
CMS results BR<540BRg),
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Search for LFV decays of the' HiggSll

l.e. H>ut (CMS performed a search based on the well
known topologies ut, and ut, .4)

CMS 19.7fb" (8 TeV)
1 . T v pte‘ oJets Ll T ’ T L 1 l ] L] ] I Ll T T I T T ] I 1 ] L]
- s 197 e T 15225 o) .  Observed
- CMS ® Data, e, . 2.04% (obs.
(OD L pt_ 0-Jet \ de-zncminw 1 (obs) - X Expected |
— 50 © I sM Higos — ut,, 1 Jet
P - l . . -Expectedib
5 N HEE Other 1 1.66% (exp.) -
l.i 40— L Ittt t -] 2.38% (obs.) El Expected + 20
- -~ [ ] Misiden a B —
- PR le"mgf.'fé;m ] ut,, 2 Jets
0 77 (o) B
3.84% (obs.)
20f- ut . 0 Jets
E 2.34% (exp.) -
10F 2.61% (obs.)
i pr, 1 Jet
=L 0‘5’ 2.07% (exp.) -
%E .D 2.22% (obs.)
© |0-0.5| — —
= 0 700 200 300 ]J.Th. 2 Jets
M(ut,)_ [GeV] 2.31% (exp) - .
e 3.68% (obs.)
H-out
0.75% (exp.) l .
BR<1.51% at 95%CL (0.75% expected) el |
. 0 2 4 6 8 10
Slight excess (2.50) observed by CMS. 95% CL limit on B(Hospt), %

CMS-HIG-14-005, submitted to PLB

To be watched carefully in new data at 13TeV
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% Study of the H invisible decay width}

There is still room for decays of H into invisible particles (coupling to light dark
matter, Hidden Valley models, RH neutrinos etc).

The search is done using two complementary approaches

a) Fitting the invisible decay width from the coupling fits. Assuming SM coupling with
possible BSM contributions in the loops

BRys,<38% at 95%CL @ 125GeV.

CMS-PAS-HIG-13-005

b) Using dedicated channels in looking for VBF production or associated production
of a Higgs boson with a Z decaying leptonically or in b-jets.

BR(H->yx)<58% at 95%CL @ 125GeV. ;
arXiv: 1404.1344 :

Still room for suprises. ' '
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Differential Distributions' il

« Sufficient statistics to produce the preliminary measurements in ZZ and vyy.
— Results compared to the most precise theoretical calculations.

- 19.71b" (BTeV)
D L L\
SoEeMs s
'830’_ ¢ Dama ij

L AMC@ENLO + XH 1

# POWHEG HJ + XH
|- RNE POWHEG + XH .
a5 -~ POWHEG + XH, FW =5E ° eV
F & - = - POWHEG + XH, FW - -5 * GeVv*
[ XH = VBFsVH4tH

oN_ =)
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g ;§E—4+-ﬂ——-;a}¥ PSR PPTERL ;

go'(’ 05 1 15 2 25 3

‘ Mels
CMS-HIG-14-016

do,,/dN(jets) n|<4.7 [fb]

10

CMS Preliminary L=19.7 b at 15 = 8 TeV CMS Preliminary L=19.7 f6" at 15 = 8 TeV
E | | | _I—| 1__IIIl|II|llIIIIIIIIIllII]IlIlIIIlIIIIIl__
= \ 15> 5 \
L 4 Data(stat@sys. unc) w ag->H (powheg+JHUgen) + XH L) E ¢ Data (stat®sys. unc.) N gg—H (powheg+JHUgen) + XH
r o systematic uncertainty gg—H (minlo HJ) + XH
B = systematic uncertainty gg—H (minlo HJ) + XH _ B i model dependence Y44 gg—H (HRes) + XH
model dependence — XH=VBF +VH +ttH J = ] —— XH=VBF + VH + ttH
I = —
C = 10
r O
~.
M\" E =
m 3
i ; f 10
ARRRTRH0nHww
1 10%E
: III|III|III|III|III|III]III|III|IIIIIII_
1 2 >3 0 20 40 60 80 100 120 140 160 180 200
. N H
N(jets) m|<4.7 P [GeV]

CMS-HIG-14-028

— No deviation from SM predictions (but statistics is still not
large enough to challenge properly the predictions).
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> New (possible) schedule for HL-EHCH

LHC producing 150-200 million Higgs.

7.5 x 103% Ultimate luminosity* -=-= ===~

5 x 1034 Nominal luminosity

Luminosity [cm2s1]

2 x 103 -—

e meeme-, 4000 —

1

Integrated luminosity [fb

LHC - Phase 1
LS2: Upgrade injection to
increase beam brightness

0102

HL-LHC - Phase 2
LS3: Upgrade Int. Reg. to
increase beam overlaps

veoe

6€0¢C
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Higgs bosons at +/s=14 TeV 3000 fb"!

HL-LHC total 170 M
VBF (main decays) I3M
ttH (main decays) |.8M -
H—Zy 230k
Houp 37k aoar
HH (all) 121k

e Higgs physics goals
e Rare decays and couplings
e Spin/parity
e Higgs pair productions

G. Tonelli, CERN/INFN/UNIPI IAS_2016

January 18 2016
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> Higgs mass and width at HC-EHEGJ

The large statistics in H>vyy and H>ZZ*->4l will allow a measurement of m,
challenging the systematics errors. We could also make the best use of VBF and
possibly other exclusive channels. Large effort needed on the theory side:
50MeV on Am corresponds to 0.5% uncertainty on the BR measurement.

Expectations for Am, ,@3000fb-1: 15MeV(stat)+25MeV(syst).

It could be challenged only by a dedicated lepton 1,0 Prominary FramiLs 7w
Collider. =

10_— . ,

H—> 27— 41+212y

8__ — Observed i
For the measurement of the width we’ Il continue o - e
using the powerful constraints from the ;

. iE— e ——————

off-shell Higgs. Ay

P/
The high statistics will bring sensitivity on the AT

width down to the SM-level: I';=4.2*15, , MeV. . M
An independent handle to check for significant anomalous BR.
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% Observe rare/difficult decays with'3000f6ill

« ttH

Signal observation 7-8c in single decay modes (i.e. ttH(yy));
projected sensitivity on k;,,~10%.

* Hopp

Signal observation >7c; 10-15% precision on the signal
strength. Measure the coupling the second lepton generation.

 H->invisible
Using ZH->IlI+high missing E-
BR(H-=2>%%)<6-17% at 95%CL.

top

G. Tonelli, CERN/INFN/UNIPI IAS_2016 January 18 2016 17



H>Zy R

e v/ like Yy and gg loop induced, but sensitive to
effects invisible in yy and gg (because of chiral

couplings) G. Salam, A. Weiler

e |[n composite Higgs: Not protected by Goldstone
symmetry, large yZ while yy and gg small

z om/m = (m@,1) — mu3)/(m@1) + mag) and 1 = maa)/(MmEa) + mas)
’ I I I I :
SM 2.5F--- f=500GeV -
01<r<25 |
h :
+ aal f=800GeV
_____ w . 01<r<25 |
> : !
d E E
¢S SM,
N : .
T | | '
New S 10f x
. v AVVVVV < - : : z
physics . RN
_____ ! X Rescaling tree—level
h couplings gy = v?/f*
0.0¢; : : : ; ; e
X Y -06 -04 -02 0.0 02 04 0.6
\\N N\ om/m 1308.2676

At HL-LHC signal observation ~4go; 20-25% precision on the signal strength.
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H->cc? I

e Hcc coupling can still be 4-8 x SM L=c,h e+ ...

U
* In composite Higgs . -
- =—  683%CL ,/" /"
v? 293,’02 LOF  wm= 9549%CL S/
Ce ™ ]- + 0 D) + O EC 5 -
f m2 |

large for composite
charm and light charm

partners
Measuring it? — |
_"'"" Delaunay, Golling, Perez, Soreq, |
- - o tlo qulpf—:*alr, .ba.siad' o.n ‘cu.rrlenlt clja‘tal_
Like H—=bb, bgt with T S T
charm tagging? ce
Or via H—= J/P Y ? 1306.5770 G. Salam, A. Weiler
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* SM couplings can be modified by new physics entering the loops.

« Typical effect on the couplings from a heavy particle M or new
physics at scale M.

* For new physics at the ~1TeV mass scale >A~5%

Model Ky Kb Ky
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—383=-9% ~-9%
Top Partner ~ —2% ~ —2% ~ +1%

» Higher scales imply smaller effects arxiv:1310.8361

G. Tonelli, CERN/INFN/UNIPI IAS_2016 January 18 2016
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Perspectives for LHC13 and RuUh2l

arXiv:1307.7135

.
8 TeV 13 Tev Expected precision with L=300 fb-!:

19.3 43.9 * 6% -14% in signal strength for
VBE 158 375 54 individual channels.
WH 0.705 138 2.0 * 5% in couplings to gauge bosons, 10%
in couplings to fermions.
ZH 0.415 0.870 2.1
. 0/ (0 . i
tH 0.129 0.509 39 106.206 sensitivity tc? CP-odd
admixtures to scalar Higgs.
bbH 0.204 0.512 2.5
CMS Projection CNIS ijecllon
e With L=300 fb! and 13 TeV colision energy E);pe::tet; uncertairlwtielson }—i "-v)]\':"df?:'il'e'. sb-'vm' Expectedunoertamt\eson H :ﬁ-’:'mﬁ:ul-g..sfa-:fr'
. . . Higgs boson signal strength ~ F 3 "at s = 14 Tey Soenerio2 Higgs boson couplings = 3001"at (5= 14 TeV Soeremn 2
about 15 million Higgs will be produced
LHC Run Il = Higgs Factory). Hor * ’ 4
( 88 Y) |
. . . . T KZ
* High precision measurements of Higgs - "
properties are very important to look for |, __ o X
deviations from SM implying new physics. .
Sl t : Kk —
E VR R 1 R 1R X (R ¥
expected uncertainty expected uncertainty

G. Tonelli, CERN/INFN/UNIPI IAS_2016 January 18 2016



= Perspectives on the couplifigsi

CMS Projection CMS Projection
L] | I T T L] | I T ] Ll L] I ) Ll ' L] I Ll T 1 T I L L T 1 l L L] 1 T I T ] L L] ] T 1
Expected uncertainties on F— 300fb"at Is =14 TeV Scenario 1 Expected uncertainties on F— 3000 at 1s= 14 TeV Scenario 1
Higgs boson couplings = 300" at is =14 TeV Scenario 2 Higgs boson couplings F—1 3000f"at ys=14 TeV Scenario 2
X, — (300 fb") — (3000 fb'")
Ky : | Kw : : .
Scenario 1
Kz : | K; —t— .
K — K R Scenario 2
g ’ L g |l |
Ky : | Ky { i
Ky +— K, } {
Ke f | Ke } :
1 1 1 1 1 I 1 1 1 1 l 1 1 L 1 I 1 1 1 1 2 1 1 1 I 1 1 1 1 I 1 1 I 1 l 1
0.00 0.05 0.10 015 0.00 0.05 0.10 0.15
expected uncertainty expected uncertainty

Allowing new physics entering the loops: ultimate precision 2-10%.
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~Perspectives on the couplingsii

197767 (8 TeV) + 5.1 16" (7TeV) e 000 PO (14 TeV)
Q :lll 1 llllllll T llllllll T llllllll : : : —
<> [CMS 1 = [CMS :
& qb t 4 & 4L Projection t .-
\> E y4 3 (@) - WZ_/' ]
o W 1 T ]
- - |===68% CL i o I . ]
o .. 4| |-=68% CL _
107 | —9s59%CL 3 <107 -
- |---SM Higgs i b .- g ]
- _ .o
102 3 10%¢ e E
10k Meft ] sl .
. =68%CL | - o E
—95%CL | I ]
'4 1 IIIIllII 1 IIIIIIII 1 lIlIIIII | '4 || | | ||ll||| 1 | IIIIIll 1 | IlIIII] 1
10751 1 10 100 10704 1 10 100
Particle mass (GeV) mass (GeV)

Allowing no new physics: percent level precision for most of the couplings
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2 Recent improvements in'PDESH

2012 2015 now

GLUON-GLUON
LHC 8 TeV - Ratio to NNPDF2.3 NNLO - a, =0.118 Gluon-Giuon, luminosity

) ) o
0 NNPDF23NNLO

S NPaf3.0nni0
1251 s mmhtnnlo

.
//////

\

S CTI0NNLO

$455% MSTW2008 NNLO

s

Conevatod with APFEL 240 Wob

For 125 GeV ggH, PDF uncertainty decreases from 7% = 3%
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% H self-coupling: HH productionil

e Probe Higgs self-interaction

e crucial to testthe Higgs sector to its full extent

primary channel to extract information on the Higgs
potential = structure of the EWK Phase Transition

Two interfering diagrams (destructive)

2r
g . —Lo
1.5 ~NLO

NNLO

. o~ N
S
S s+
o o~
] -~ \
/ - \
/ o \ s
/ \
/ I \
S+
o o
=~ o~
o S
|
= |
1
A
I~
o(pp—HH) [pb]
—h

SM
H/ l‘HHH

M
e SMcrosssection @ 14 TeV: 40.8 fb (NNLO)

~10° HH events produced with 3000fb-' at HL-LHC
...... but very large background (or tiny BR).

G. Tonelli, CERN/INFN/UNIPI
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25



~ HH->bbyy L

e Branchingratio only 0.26%, total yield 320 events for
3000 fb™?

e Much larger resonant and non-resonant backgrounds

Ys=14 TeV, PU=140
ST v

Vs=14 TeV, PU=140

#100p T T T T T T T T T T = Sy W\ S (L B S B e S e =
2 o[ CMS Phase Il Simulation £ cMS Phase Il Simulation E
@ ~ Preliminary 3 2 Preliminary -
= o |
w - —
2 60} ER T
o - 3
8 50; \\0\- ; c \\‘\1 -
% 30F . 3 8
2 o0F Nominal resuft Nominal result
E 10 i o

ot FUN VY VY Y N U T T O T TN T T O

I PRI L L1 PR I L 1 s (R B R g
20 10 0 10 20 30 -10 0 10 20 30 40
Relative Improvement In B-Tagging Efficiency [%] Relative Improvement In Photon Efficiency [%]

e Both experiments expect 8-9 events after event
selections corresponding to ~1.3 O per experiment

e (CMS also evaluated the impact on the sensitivity as the B-
tagging/photon efficiencies change

G. Tonelli, CERN/INFN/UNIPI IAS_2016 January 18 2016
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~ HH->bbrtr A

e Branching ratio 7.3%, total yield 8900 events for 3000 fb™
e Much larger resonant and non-resonant backgrounds

e CMSstudieditinT,t, and T, final states, expects a
combined bbtt S|gn|%cance 0.90

100 T T LI T
- CMS Simulation =i

(s=14 TeV, PU=140 Vs=14 TeV, PU=140
T = DL T
CMS Simulation :

Events
Events

10°

0 100 200 300 400 500 600 03 -02 -0.1 o 0.1 02
m,, [GeV/c?] BDT

e 1.9 0 expected by combing bbyy and bbtt, with an
uncertainty 54% on signal strength

e Significant improvements are expected by adding more
channels and using MVA techniques
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Higgs-pair production "l

* It could be a flagship channel for HL-LHC

— bbyy established channel

— bbWW looks very difficult (~104 events but very large
background)

— bbtt seems more promising

— bb2I12v could be interesting (~700 events)
— bbbb?!?!

— others?1?!

* With reasonable extrapolations one would expect to reach 3o per
experiment.

Plenty of room for new ideas
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Conclusion "N

The discovery of the Higgs boson has opened a new era in physics.

From now on the hunt for physics beyond the standard model will proceed
along two deeply connected lines of research:

— a) direct searches based on the study of collisions at the largest possible energy
— b) indirect searches based on precision measurement of the Higgs properties and couplings

While we’ Il continue looking for new particles and new interactions at LHC, we
have already entered the era of Higgs precision measurements.

New measurements and further improvements in the precision study of the
Higgs sector will be soon produced by the current LHC 13 run.

Ultimate precision on key parameters for Higgs physics will be achievable only
with the full exploitation of HL-LHC.
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CMS public results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG

Wiki > CMSPublic Web > PhysicsResults > PhysicsResultsHIG (2015-07-27

CMS Higgs Physics Results
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