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1. The Standard Model and the Higgs boson

f The 4th of July 2012: a historical day with a Higgstorical dis covery! T
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1. The Standard M odéd and the Higgs boson

he observation of the new state is 61 ; g
a triumph for high-energy physics! 5 "‘z"‘aig%%?j‘:;iﬁ'ﬁﬁgfi T
Indeed, constraints from EW data: 4- Ueind owQldain fli -

H contributes to the W/Z masses S 3] .

through tiny quantum fluctuations 2- -
" H o log —|— (1)-Exc'|u A VAl

W/Z W/Z 30 100 300

m, [GeV]

Fit the EW ( < 0.1%) precision data,

CMS Preliminary {s=7TeV,L<5.1fb! {s=8TeV,L<12.2 ™"

with all other SM parameters known, & 20
© 35 18
one obtains My = 92755 GeV, or ‘o )
Mg < 160 GeV at 95% CL 25
2.0
We make an experiment and measure 15 8
My =125.094+0.24 GeV .
0.5 2
A very non-trivial check of the SM: 00 0
- 120 122 124 12(;‘n 12688\})30
test at the quantum/permille level! x
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1. The Standard Model and the Higgs boson

e The theory preserves unitarity:
|fe needed a Higgs with Mz S700 GeV; w ?ﬁq ﬁ\: _\

we have indeed a Higgs and it is light!

>< BR|SM4/SM

e Particle spectrum complete: |
no room for 4th fermion generation TR
from Higgs production/decay rates

(but still possibility of singlet N...) OJM

— Lenz... My =125 Gev ]
e Extrapolable up to highest scales. T S
A\ = 2M3; /v evolves with energy . e
— too high: non perturbativity 178
;\ (tg(z))low: stabiI;tR//I of m& EVX n\a/acuumz 176
e 1+ 3T tlog %

g 172

A>0QMp = My 2129 GeV!

at 2loops for mP*°=173+1 GeV.....
Degrassi... Bezrukov , (Alekhin... =) » \
But What IS mt p? j A OnOfre . 124 124.5 125MHlfé5eV]l26 126.5 127
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rThus we have a theory for the strong+electroweak forces, the SM, that is'T

e a relativistic quantum field theory based on a gauge symmetry :
e renormalisable as proved by 't Hooft and Veltman for SEWSB,

e unitary as we have now a Higgs and its mass is rather small,

e perturbative up to the Planck scale as again the Higgs is ligh t,
e |eads to a (meta)stable electroweak vacuum up to high scales ,
e compatible with (almost) all precision data available to da te...

Is the SM the “theory of everything” and should we be satisfied with it?
No! Low energy manifestation of a fundamental theory that so lves:
e “Esthetical”’ problems with e.g. multiple and arbitrary par ameters;
gauge coupling unification: 3=~ g; which do not meet a high scale.

e “Experimental” problems as it does not explain all seen phen omena:
 masses/mixing, dark matter, baryon asymmetry in the univer se ...
(Note: SO(10) at intermediate Q=10 GeV and axions cure these pbs')

e "Theory” (or consistency) problem: the hierarchy/natural ness pbs.

AM7? x A? ~ (10*® GeV)?!: My not stable against high scales.
L All these indicate that there is beyond the Standard Model ph ysics! J
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2. Beyond the Standard M odel

|. Compositeness/substructure:

All particles are composite: Technicolor
— H bound state of two fermions

(no more spin—0 fundamental state).

ll. Extra space—time dimensions

where at least s=2 gravitons propagate.

= effective gravity scale A~ TeV!
EWSB mechanism needed: H or not H!

lll. Supersymmetry: doubling the world.
— links s= % fermions to s=1 bosons,

— links internal/space-time symmetries,
— if made local, provides link to gravity,
— natural 112 < 0: radiative EWSB,

—> sparticle loops cancel AZ? div!

extend EWSB sector: at least 2 doublets.

ICNFP2015 29/08/2015
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A) we observe a Higgs boson with a mass of 125 GeV and no other Hi

oX BR rates compatible with

The problem is that:

those expected in the SM

Fit of all LHC Higgs data =
agreement at 15-30% level

pATLAS — 1 18 £0.15
— Djama, Chen
poMs = 1,00+ 0.14

— Dorigo, Mankel

ATLAS
m, = 125.36 GeV

Total uncertainty
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Signal strength (u)

Combined
1n=1.00+0.14

H — yy tagged
pw=1.12+0.24

H— ZZ tagged
p=1.00%0.29

H— WW tagged
1=083+0.21

H — tt tagged
n=0.91+0.28

H — bb tagged
p=0.84+044

ggﬂ

19.7 " (8 TeV) + 5.1 1" (7

CMS

P, = 0-96

m,=125G

—

B) we do not observe any new particle beyond those of SM with Hi
profound implications for the most discussed BSM scenarios

e “Mortuary”: Higgsless models, 4th generation, fermio or ga

e “Hospital”: Technicolor, composite models, ...
e “Trouble” and strongly constrained: extra-dimensions, Su

L As an example, let us see what it implies for SUSY and the MSSM.
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In the MSSM we need two doublets of complex scalar fields H, and H?T
to generate up/down-type fermion masses while having chira | anomalies
after EWSB, three dof for Wf, 71, = 5 physical states: h, H, A, H*.
Only two free parameters at tree-level to describe the syste m tans, M, :

MZ 4 = {M3 + M3 F (M3 + M32)? — 4M3 M3 cos? 2]1/2}
M2, = M2 + M%,

—(MZ% +M2)sin28 1\/I2 —|—1\/I2 T
(M%A—MiZ)COSZﬁ = tan 26 M2 (_5 Sas O)

MhSMz|C0825’+RC§130 GeV ; MH %MA %MHi SMEWSB-

e Couplings of h, H to VV are suppressed; no AVV couplings (CP).
e For tan/ > 1: couplings to b (t) quarks enhanced (suppressed).

tan2a =

® Joau 9odd govy

h sino;?sg% 1 COS%I;%% 1 sin(f — a)— 1
H G5~ 1/tanf 55 —tanf cos(B —a)— 0
A 1/tan g tan 0

Lln decoupling limit: MSSM Higgs sector reduces to SM with a |i ght h. J
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Higgs—strahlung

-

gluon—gluon fusion

Vector boson fusion

— > Q

gzzb -
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----- L
g 9 00000

Production/decay phenomenology more complicated in the MS
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SM.

e More Higgs particles: ®=h,H, A, H*:
— some couple almost like the SM Higgs,

— but some are more weakly coupled.

e In general same production as in SM

but also new/more complicated processes
(rates can be smaller or larger than in SM).
e Possibly many different decay modes,
(and clean decays eg into vy suppressed).
e Impact of light SUSY particles?

—> very complicated situation in general!

But simpler in the decoupling regime:
—hasinSMwith My=115—130 GeV
— dominant mode: gg,bb—H/A =77

It is even more tricky in beyond MSSM,
and also in many non-SUSY extensions...

— A. Djouadi —p.9/24



2. Beyond the Standard M odel

There is a first direct implication from the measurement M, =125 Ge\e|
|7The lightest Higgs boson mass in the MSSM is given (at one-loo p) by:

M3 Ma>Mz M?%cos?2[3 + 3 [log 1\ﬁ/11_§ + 1\)/([—‘?2 (1 X )w

272v2sin? 3

M,,=125GeV high value S M0

—> maximize radiative S 435 TRt SR |

and at same time, have: = .0

e decoupling regime:

all other Higgses heavy

e large values of tan [3

e maximal X;(~+v/6Mg)

e heavy stops, i.e. large
Mgsusy = \/mgl mg, .

120

115

TT[TTT1

110

Arbey, Battaglia, AD, Mahmoudi, Quevillon (2012)
‘ Mgsuysy < 1 TeV in general MSSM and even higher in constrained models!
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2. Beyond the Standard M odel

This is backed up by direct searches of SUSY particles at the L
the SUSY scale Mgysy < O(1 TeV) in most experimental searches..

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model LTy Jets ET [Ldim) Mass limit Reference
T T T — T T T T —
MSUGRA/CMSSM 0 2-6jets  Yes 20.3 N3 1.7TeV  m(g)=m(2) 1405.7875
34, g1\ 0 2-6jets  Yes 203 |4 850 GeV m(¥})=0 GeV, m(1* gen. §)=m(2" gen. q) 1405.7875
8 G—q, (compressed) 1y O-1jet  Yes 203 |4 250 GeV m(g)-m(¥)) = m(c) 1411.1559
S 22 g—qak) 0 26jels  Yes 203 |& 1.33 TeV m(r%)=0 GeV 1405.7875
;(§ 28, 89907 qqutﬁ)‘,’ 1eu 36 J_e1s Yes 20 |2 1.2TeV m(¥})<300 GeV, m(¥*)=0.5(m(¥})+m(g)) 1501.035565
O 88 goqqte/ty]vXy 2ep 0-3 jets - 2 |2 1.32 TeV m(¥))=0 GeV 1501.03555
9 GMSB (7 NLSP) 127+0-1¢ 0-2jets  Yes 20.3 z 1.6Tev  tans>20 1407.0603
‘B GGM (bino NLSP) 2y - Yes 20.3 z 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
?:, GGM (wino NLSP) Teu+y Yes 48 m(¥})>50 GeV ATLAS-CONF-2012-144
< GGM (higgsino-bino NLSP) Y 16 Yes 48 m(¥})>220 GeV 12111167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 F'% scale 865 GeV m(G)>1.8 x 107 eV, m(g)=m(7)=1.5TeV 1502.01518
- g-»bl}i? 0 3b Yes 20.1 z 1.25 TeV m(¥})<400 GeV 1407.0600
SO gl 0 710jets  Yes 203 | 14 Tev m(F)) <350 GeV 1308.1841
= EO gty O-1e,p 3b Yes 201 |& 1.34 TeV m(¥?)<400 GeV 1407.0600
) FobiXy O-tep 3b Yes  20.1 z 1.3 TeV m(¥})<300 GeV 1407.0600
oo bibi, b1—>b)(| 0 2b Yes 201 | 100-620 GeV m(¥})<90 GeV 1308.2631
<9 bibi, bl—wv. 2¢,u(SS) 0-3b Yes 203 | B 275-440 GeV m(¥F)=2 m(t}) 1404.2500
% S nf, fi—-b 12ep 12b Yes 47 | 7, 1H05167.GeV | 230-460 GeV m(¥F) = 2m(¥}), m(¥})=55 GeV 1209.2102, 1407.0583
B @iy, h—o>WbH, or it 2e.p O-2jets Yes 203 |& 90-191 GeV 215-530 GeV m(e})=1 1403.4853, 1412.4742
S & Ay, ot 0-1e.p 12h  Yes 20 |# 210-640 GeV )= 1407.0583,1406.1122
%g f, ik 0  monodetictag Yes 203 | @ 90-240 GeV 1407.0608
T = fifi(natural GMSB) 2e,u(Z) 1b Yes 203 |#@ 150-580 GeV 1403.5222
Gavs) hb, h-h +Z 3e,u(2) 1b Yes 20.3 3 290-600 GeV 1403.5222
frlig, -0 2ep 0 Yes 203 |7 90-325 GeV 1403.5294
XXy, KT = () 2ep 0 Yes 203 |k} 140-465 GeV 0.5(m(¥})+m(t})) 1403.5294
= S| )?I*)Zg, X1 >#v(rv) 27 Yes 203 |#f 100-350 GeV m(¥1)=0 GeV, m(¥,»)=0.5(m(¥})+m(¥})) 1407.0350
D2 vl 676 3en 0 Yes 203 |XA 700 GeV mET)=m(®), m(¥))=0, m(Z, )=0.5(m(¥; }+m(t})) 1402.7029
S wi-wizt) 23ep  O2jets  Yes 203 |FEEL 420 GeV (T )=m(E), m(¥))=0, sleptons decoupled | 1403.5294, 1402.7029
T WIREY, hobb/WW/tt/yy € HY 026  Yes 203 |¥LA 250 GeV m(F;)=m(E3), m(¥})=0, sleptons decoupled 1501.07110
095 -t dep 0 Yes 203 |3, 620 GeV m3)=m(E2), m(E})=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
Direct X1 Xy prod., long-lived X7 ~ Disapp. trk 1 jet Yes 203 | & 270 GeV m(EF)-m(E})=160 MeV, 7(¥1)=0.2 ns 1310.3675
g 9 Stable, stopped g R-hadron 0 1-5jets Yes 279 |& 832 GeV m(¥})=100 GeV, 10 us<7(3)<1000 s 1310.6584
= o Stable g R-hadron trk - - 191 |2 1.27 TeV 1411.6795
D5 GMSB, stable #, 1] @ p+r(e.n) 124 - - 191 | & 537 GeV 10<tans<50 1411.6795
S 2 GMSB, #!—)G, long-lived ¥} 2y - Yes 203 | 435 GeV 2<7(¥))<3 ns, SPS8 model 1409.5542
44, )??—»qqy (RPV) 1, displ. vix - - 20.3 q 1.0 Tev 1.5 <cr<156 mm, BR(u)=1, m(¥)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, ¥z —e +p 2eu - - 4.6 41,,70 10, 4132=0.05 1212.1272
S~ Bilinear RPV CMSSM 2¢,u(SS)  03b  Yes 203 |d&# 1.35 TeV m(g)=m(@), crzsp<1 mm 1404.2500
o T W, —eev,, euv, dep - Yes 203 | @ 750 GeV MEE)>0.2xm(TT), diz1 20 14055086
X oW X srtv,,etre Bep+T - Yes 203 |¥ 450 GeV m))>0.2xm(E), 11330 1405.5086
&-q499 0 6-7 jets - 203 |2 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—iit, fi—>bs 2e,u (SS) 0-3b Yes 20.3 Z 850 GeV 1404.250
Other Scalar charm, é—ck] Yes 203 |& 490 GeV | m(¥})<200 GeV 1501.01325
L L L M L L L M
8 TeV —1
N N G o 1 ass scal [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

— F. Djama, E. Kuwertz
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2. Beyond the Standard M odel

Also backed up indirectly by the measurement of the Higgs pro perties:
fits of the h couplings => constraints on the MSSM  [M 5, tan(] plane. \

50F 5
25
g 3|
10} ® o
E- ! 8 " AD
- ; Maiani
i Moreau
; Polosa
el ; Quevillon
I Riquer
43 (2013)
3
155 200 250 350 500 750
L M (GeV) 4|
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The next question is then: “is Particle Physics closed”? Ans wer is no!T

1) Need to check that H is indeed responsible of SEWSB (and SM-  like?)
—> measure its fundamental properties in the most precise way:

e its mass and total decay width (invisible width due to dark ma tter?),

® its spin—parity quantum numbers (CP violation for baryogen esis?),

® its couplings to fermions and gauge bosons and check if they a re

only proportional to particle masses (no new physics contri butions?),

e its self-couplings to reconstruct the potential Vg that makes EWSB.

Possible for Mg ~ 125 GeV as all production/decay channels useful!

1F

gg— Vs =14 TeV

Hqq
WH.. 0.01 b

[ttH U

“o(pp — H+X) [pb] bb

s(ete” — HX)'[fb] ' '

0.1} 1000 F

0001} i

< 1 1
200 350 500 700 1000 2000 3000

0.1 : : : : e ‘ 0.0001
100 120 145 180 230 300 400 500
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A check of spin—parity quantum numbers.

Spin: clear situation (no suspense) as the new state decays into Yy
— not s=1 from Landau-Yang theorem and s=2 (KK graV|ton’>) unli kely..
CP numbers: CP-even, CP-odd, or mixture? e

w

=]

o

=]
I

(more important issue: CPV in Higgs sector!)
ATLAS and CMS MELA analyses for pure CP
— pure CP-even favored at ~ 30 level.

But problems with this (too simple) picture:

pure CP—odd does not couple to VV@tree-level.

25001

20001

=

o

o

=]
T

Generated experiments

|
k b
f |
[ 1
I 1
1
| 1
[imm|

A‘ﬁ‘\ . [
0 10 20 30
-2xIn(L /L)

1000[-

5001

o

Indirect probe: through jizz=1.1+0.4!

gHVV — CVgW gives upper bound on CP
nep =1 — c% 2 0.5@68%CL

Direct probe: g more democratic! e’
spin-correlations in  qg — HZ — bbll L
or later in qq/gg — Htt — bbtt.
Extremely challenging even at HL-LHC...
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® Precise measurement of Higgs couplings
In various H production+decay channels
But rather large errors mainly due to:

— experimental: stats, system., lumi...

— theory: PDFs, HO/scale, jetology...

total error about 15-20% in gg — H

Hjj contaminates VBF (now 30%)..

— ratios of oxBR: many errors out!

Deal with width ratios I'x /Ty

20 v

10 4

.U(gg';*fij[Pkﬂ13ola ‘

—TH on o and some EX errors
— parametric errors in BRs
— TH ambiguities from T'¢* 1
e Achievable accuracy:
—now: 20-30% on 205 T

Signal Strength Fit 1
[March 2013]

3000 fb 2
0.85F

0.80F
Ct

0.75F

o

070 4

0.65f &

ddddd
|

45

/s =TTevV 1157
U 1.00
/ 084 L
0.70 1| T
115 250 500
Attal (NNLO+EW) s7%
MSTW '~‘“/
150 200 250 300 350 400 450 500
MH [GGV]
osof LHC, 14TeV Py

— future: few % only at HL-LHC.
Sufficient to probe BSM physics?
ICNFP2015 29/08/2015
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f. Total width : I'yg = 4 MeV, too small to be resolved experimentally. T
—ZZ (a factor of a 2-5 at most).

— very loose bound from interference gg

— no way to access it indirectly (via production rates) in a pr

e Invisible decay width: more easily accessible at the LHC

Direct measurement:

qq — HZ and qq — Hqq; H — inv
Combined HZ+VBF search from CMS
BR;,v S 50%@95%CL for SM Higgs
More promising in the future: monojets

gg >H+j— j+Ef

Indirect measurement:

again assume SM-like Higgs couplings
constrain width from signal strengths
BRiyw < 50%@95%CL for cp=cy =1

Y

Improvement in future: 10% @ HL-LHC?
ICNFP2015 29/08/2015

95% CL limit on BF,_,

-
S

-
N

O
©

o
[2)

b
»

o
N

r CMS Preliminary — Observed
=~ Combination of VBF and == Expected (68%)
L ZH,H— invisible | Expected (95%)

[ Vs=8 TeV L = 19.6/fb (VBF + ZH)

T Vs=7 TeV L= 5.1/tb (ZH)

-----------

Cv =1
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An important challenge: measure Higgs self-couplings and a

e gy from pp - HH + X =
e 214 from pp —3H+X, hopeless.

Various processes for HH prod:
gg — HHX relevant...
0

only

4

3

3

2

2

1

1

.| olpp—~HH+ X) /oM
/5 =14 TeV, My = 125 GeV
0 R
ge—HH -
dr qq' — HHqq' -~
ol ‘ qq — WHH
q4— ZHH -----
5 e
O L
o
e e ST
-5 -3 -1 0 1 3
e/ M
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ccess to W

o(pp — HH +X) [fb]
! o 11000 F My = 125 GeV gg +HH |
P
g "oOOEEO "
1 i qq — HHqq]
! N . _
MH e qq/gg - ttHH
q %
L e  JE qq/ — WHH?
q . j— 1 NNLOQCD ------- qq — ZHH
q ! H
q 1 |
0.1

8 2I5 5IO 7I5 IIOO

e H — bb decay aloﬁemﬁ]ot clean
e H — ~ decay very rare,

e H — 77 would be possible?

e H — WW not useful?

— bb77, bb~y viable?

— but needs very large luminosity.

— A. Djouadi —p.17/24



Very precise measurementsj
mostly at /s < 500 GeV

.l [ T Ty | T
e SO W o L and mainly in ete™ — ZH
7t | (with o o< 1/s) and ZHH, ttH
+ e X
) Vim Jnww T E0.012
s 9HZZ 10.012
e Ve GHbb +0.022
OIZHG e - JHcc +0.037
e ¢ | . grrr | £0.033
\‘H W0E A | GHtt +0.030
et i 20 300500 7000 1000 200003000 )\ HHH :|:O ) 22
o il My | +0.0004
¢ ol Ly +0.061
H CP +0.038
¢ 7

—> difficult to be beaten by anything else for ~ 125 GeV Higgs

|
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Now that the Higgs boson is found, is Particle Physics “close

2) Fully probe the TeV scale that is relevant for the hierarch

—> continue to search for heavier H bosons and new (super)parti
Search for the heavier MSSM H bosons in all possible channels

d"? No!
y problem

e Searches for the pp — A/H/(h)— 77 resonant process:

e Searches for charged Higgs in
e Non observation of heavier Higgs bosons in H
® Also searches for

e Searches for heavy tt resonances but not in the MSSM (

40

35F

30
25
20
15

108

L 0

CMS Preliminary, /s =

7+8 TeV, L =17 fb"

95% CL Excluded Regions

[ observed
“““““““““ Expected

1o expected
+20 expected

LEP

MSSM m,"** scenario 3

MSUSY =1TeV 1

e,
200

=
400

1 | — 1 1
600 800
m, [GeV]
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@ 60

40

30

90

201

cles.
t — bH'™ — b7 decays:
—ZZ ,WW modes:
A — hZ and H — hh but not in the MSSM....
KK, 7))

L L L L Y L CMSPeIImIaryr7TeVL51fb\F8TeVL122fb
F =— =—- Median expected exclusion Data 20121 (% ‘ +Observed ‘
[ [T Observed exclusion 95% CL : A Q _____ Expected (68%) |
T s ey S 20 e Cisecod 05
[ — —- Expected exclusion 2011 _S E :
— Observed exclusion 2011 — é L 4
- ATLAS Preliminary 1 = I A
e e ey | 3 A
5 A 0 1k - -
a ILdt =195 " 15 _ﬁn E

» O A
i 10" E
! \A' i I I [ N \:
100 110 120 130 140 150 16c 100 200300 400 600 _ 1000
m,, (GeV)
o [GeV]
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4. What next? Search for new particles

: |
s hMSSM G

30 LHC 14 TeV/| [ 1

. 3000 fb '

10 W W2 | Ny A H-ww

W A~ OO

== AH-ot
1 200 300 400 500 600 700 1000
M, (GeV)
AD, Maiani,Polosa,Quevillon,Riquer (2015) \
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4. What next? Search for new particles

e Search for supersymmetric particles
(not only strong but also electroweak):

— squarks and gluinos up to a few TeV,
— chargino/neutralino/sleptons to 1 TeV,
— LSP/DM neutralino up to few 100 GeV,
(including in non minimal scenarios).

example of CMS reach in E/X(l) space =

e Search for any new heavy particle
(predicted in all BSM extensions...):

— new multi-TeV Z' bosons
— Kaluza—Klein excitations
— Techni-fermions and bosons
— top (composite) partners
— unexpected ones (LQ, new f, ..)
uxample of ATLASreachin Z' — 1717 =
ICNFP2015 29/08/2015

t-t production
;500_]1[[] III‘ILIIIIIIIII]IIIIIIIIIIIIII
& ECMS I5rellm|nary ]
ﬁ 450 :_\“VS =8 TeV —— Observed —:
E 400 - SUSY 2013 --- Expected E
% - —— SUS-13-004 0-lep+1-1ep (Razor) 193 fb™ (i 17) 3
4 C 7
350 | = SUS-13-011 1-lep (leptonic stop)19.5 fb™ (- ti':) =
300 ; —— SUS-13-011 1-lep (leptonic stop)19.5 fb™" (i b i, x=0.25) _f
250 -
200 —
150 [ =
100 —
50F =
0" RV N Ll ’1‘ .1-1-]."1'1'1-1’1 Y A A I
100 200 300 400 500 600 700 800
stop mass [GeV]
1 T I T T T T I T T T T I T T T T I T T T T I T T T T
'?TL';S --- Expected limit
s=8TeV
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10 A Wee
[ |Expected+ 20
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107 E ,
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103
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Hence, we need to continue search for New Physics and falsify
e indirectly via high precision Higgs measurements (HL-LHC,
e directly via heavy particle searches at high-energy (HE-LH

5. Conclusion

and we should plan/prepare/construct the new facilities al

Tentative schedule new proijects

European Strategy
For Particle Physjcs

Future facility specif.

from LHC P@ysics?

Color code

R&D

R&D to COR

Technical design to TDR
Construction
Operation

the SM:T
ILC, ...),

C, CLIC),

ready now!

approved envisaged/proposed

‘*\ NN
N

|
'-“; "7“'“ Project 2014 2011§2012 2013 2014 20152016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030]2031 2032 2033
30/09/2010
LHC to nominal r triplet
Protons [LHC-HL |4 § 5.10734 with luminosity leveling
LHC-HE SR eV
" ILC 500 GeV
near 2 ............................................................
colliders |SHS e 500GeV  3TeV
PWFA
Muon CO"ider .............................
Muons &
Neutrino Fact
Neutrinos
Project X/FNAL| |
LHeC | r LR instalation eC
eRHIC/BNL upgrade from 5 x 325 GeV to 30 k 325 GeV
e-hadrons e e
ELIC/JLAB MELIC EEEELC
ENC/GSI I HE shared operation HESR/ENC
LHIC/CERN Pb Fo HE-LH
RHIC I11/BNL
lons
NICA/DUBNA
FAIR/GSI
Beauty |SuperKEKB/KEK
Factories |SuperB/LNF 75/ab
LHC =1fb' 66 fb 336 fb-1 3070 b1
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5. Conclusion

The end of the story is not yet told! T

“Now, this is not the end.
It is not even the beginning to the end.
But it is perhaps the end of the beginning.”

Sir Winston Churchill, November 1942
(after the battle of EI-Alamein, Egypt...).

NONP‘I UNDEKSTANDS MEI

We hope that at the end we finally
understand the EWSB mechanism.
But there is a long way until then,

and there might be many surprises.

We should keep going!
L (it's action action time! no philosophy..).
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5. Conclusion
Thank You!

and thanks to the organisers for such a nice meeting!

Let us hope that the meeting next year will be even nicer
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