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1. Standardissimo?

he Higgs discovery in July 2012: a triumph for high-energy physics.
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A very non-trivial check of the SM: test at the quantum/permile level:
— constraints from data: My = 92755 GeV < 160 GeV at 95% CL

— experimentally found to be: Mgy ~ 125j:0.2 GeV (ie within 10..)
In addition, it looks as it has the properties of the SM Higgs state:
he triumph of the SM model of particle physics or Standarissimo?!
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We have a theory for the strong+electroweak forces, the SM, that is:

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 light,
e leads to a (meta)stable electroweak vacuum up to high scales,

e compatible with (almost) all precision data available to date...

s the SM the “‘theory of everything”’ and should we be satisfied with it?
No! Low energy manifestation of a fundamental theory that solves:

e “Esthetical” problems with e.g. multiple and arbitrary parameters;
gauge coupling unification: 3 # g; which do not meet a high scale.

e “Experimental” problems as it does not explain all seen phenomena:
v masses/mixing, dark matter, baryon asymmetry in the universe ....
(note: SO(10) at intermediate Q =10'1GeV and axions cure these pbs)

e ’Theory” (or consistency) problem: the hierarchy/naturalness pbs.
AMZ < A? ~ (10'® GeV)?: My not stable against high scales.
All these indicate that there is beyond the Standard Model!
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1. Standardissimo?
Three main avenues for solving the hierarchy or naturalness problems

I. Compositeness/substructure:

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

(no more spin-0 fundamental state).

I1. Extra space-time dimensions

where at least s=2 gravitons propagate.
= effective gravity scale A~ 1TeV.
EWSB mechanism needed: H or not H!

III. Supersymmetry: doubling the world.

— links s=% fermions to s=1 bosons,

— links internal/space-time symmetries,
— if made local, provides link to gravity,
— natural . < 0: radiative EWSB,
— sparticle loops cancel A2 behavior Standsrdpartices  SUSY particls

extend EWSB sector: at least 2 doublets.

Tanger 23/09/2019 Higgs: status&perspectives A.Djouadi - p.4/22



The problem is that:

\) we observe a Higgs with a mass of 125 GeV and no other Higgs:
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we do not observe any new particle beyond those of SM with Higgs:
profound implications for most discussed BSM scenarios; they are in:
e “Mortuary”’: Higgsless, 4th generation, fermio or gauge-phobic..

e “Hospital’”’: Technicolor, composite models (but some loopholes) ....
¢ “Trouble” and strongly constrained: extra-dimensions, SUSY, ...

\s 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,, H>

to generate up/down-type fermion masses and no chiral anomalies.
after EWSB, three dof for Wf, 71, = 5 physical states: h, H, A, H*.

Only 2 free parameters at tree-level to describe the system tang3, M4 :
Mg =3 {M3 + M3 F [(M3Z + M2)? — 4M3 M2 cos? 20]Y/2}

—(M2 +M2)sin28 M2 +M2 -
(M2—-M32)cos28 tanzﬁ M2 —M2 (_5 Sas< O)

MhSMz‘C0825’—|—RC§13O 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 =

¢ Jouu Yodd govv

h  smg L coss 1 sin(f — a)— 1
H a7 tanf 959 5 tanf  cos(—a)— 0
A 1/tan tan S 0

In decoupling limit: MSSM Higgs sector reduces to SM with a light h.
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1. Trouble with minimal BSM? The MSSM

There is first direct implication from the measurement M; =125GeV.
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Arbey, Battaglia, AD, Mahmoudi, Quevillon (2012)
Asusy < 1TeV in general MSSM and higher in constrained models.
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2. Trouble with minimal BSM? The MSSM

This is backed up by direct searches of SUSY particles at the LHC:
the SUSY scale Mgsysy 2 O(1 TeV) in most experimental searches..

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: March 2017 Vs=7,8,13TeV
Model ey Jets ET™ [Lanm™ Mass limit V5=7,8TeV | \5=13TeV | Reference
MSUGRA/CMSSM 0-3epu/1-27 2-10jets/3b Yes  20.3 1.85 TeV m(g)=m(z) 1507.05525
a3, ﬂaqu 0 2:6 !els Yes  36.1 m(E})<200 GeV, m(1* gen. 4)=m(2* gen.q) ATLAS-CONF-2017-022
8 @ G—q¥) (compressed) mono-jet  1-3jets  Yes 3.2 m(g)-m(¥)<5 GeV 1604.07773
L2z gt 0 2-6jets  Yes  36.1 m(E})<200GeV ATLAS-CONF-2017-022
% 28 2—qq¥i —qgqWE) 0 26jels  Yes  36.1 m(¥})<200 GeV, m(F*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
% 2z, gaqq(t’t’/vl‘]/)i? en 4 jets - 132 m(¥})<400 GeV ATLAS-CONF-2016-037
o 2z, g—»qng\?. 2e,u(SS) 03jets  Yes 13.2 m(¥}) <500 GeV ATLAS-CONF-2016-037
= GMSB (/ NLSP) 1274010 02jels  Yes 3.2 1607.05979
5 GGM (bino NLSP) 2y - Yes 3.2 ct(NLSP)<0.1 mm 1606.09150
g GGM (higgsino-bino NLSP) Y 1b Yes 20.3 1.37 TeV m(¥})<950 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2jets Yes 13.3 m(¥})>680 GeV, cr(NLSP)<0.1 mm, u>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2eu(2)  2jets  Yes 203 m(NLSP)>430 GeV 1503.03200
Gravitino LSP [ mono-jet  Yes 20.3 m(G)>1.8 x 10~ eV, m(z)=m(7)=1.5TeV 1502.01518
8T 2z zobbt) 0 3b Yes  36.1 m(¥)<600GeV ATLAS-CONF-2017-021
:’ £ gz gt O-teu 3b Yes  36.1 m(E})<200GeV ATLAS-CONF-2017-021
0 g7, gobit] 0-1epu 3b Yes  20.1 1.37 TeV m(¥)<300GeV 1407.0600
os 1:;,1},, 1:;, Abi:,’ 0 2b Yes 3.2 m(¥})<100GeV 1606.08772
XS bbby, bi—ti 2e.u(SS) b Yes 132 |h . 325-685GeV m(¥})<150 GeV, m(¥})= m(¥})+100 GeV ATLAS-CONF-2016-037
S S A, h—obti 02epu 12h  Yes 47133 | & 117-170 GeV [N 200-720 GeVl m(F}) = 2m(FY), m(¥))=55 GeV 1209.2102, ATLAS-CONF-2016-077
27 i, i,ﬂWbX/‘,’ or ,,f«‘,’ 0-2e,u 0-2jets/1-2b Yes 20.3 # 90-198 GeV 205-950 GeV' m()=1Gev 1506.08616, ATLAS-CONF-2017-020
q:; S #iy, ii—ck) 0 mono-jet  Yes 32 m(7;)-m(¥))=5GeV 1604.07773
m‘g 17y (natural GMSB) 2e,u(2) 15 Yes  20.3 150-600 GeV' m(T})>150 GeV 1403.5222
55 b hoh+Z 3eu(2) 1b Yes  36.1 m(¥})=0GeV ATLAS-CONF-2017-019
i, hoh +h 1-2epu 4b Yes  36.1 320880 GeV m(r})=0GeV ATLAS-CONF-2017-019
waY 2ep 0 Yes 203 90-335 GeV m(@) 1403.5294
Xi =) 2epu 0 Yes 133 m(E})=0 GeV, m(7, )+mE) ATLAS-CONF-2016-096
X —tv(rv) 2r - Yes 148 m(i) 5(M(T; )+m(E)) ATLAS-CONF-2016-093
= ‘8‘ ):(?Egahggy_qgv). CVILEGY) Ben 0 Yes 133 mp?ﬂ:mvzghm(x“ 5 MET)+m(t))) ATLAS-CONF-2016-096
e howt zyb R 2-3e,u 0-2jets  Yes 20.3 m(E;): 7 decoupled 1403.5294, 1402.7029
B G WRRTY, hsbb/WW/rt/yy  GHY 02b  Yes 203 m(FF)=m(@), m(¥})=0, 7 decoupled 1501.07110
XX, X3 —IRt dep 0 Yes  20.3 m(EY)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod. Tepu+y - Yes 203 er<tmm 1507.05493
GGM (bino NLSP) weak prod. 2y - Yes 203 cr<tmm 1507.05493
Direct ¥ ¥; prod., long-lived ¥; ~ Disapp. trk 1 jet Yes  36.1 m(¥})-m(¥})~160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2017-017
Direct ¥} ¥ prod., long-lived ¥  dE/dx trk - Yes 184 | 495 GeV m(E})-m(E7)~160 MeV, 7(¥1)<15 ns 1506.05332
'g o Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 i3 850 GeV m(¥})=100 GeV, 10 ys<7()<1000 s 1310.6584
=g Stable g R-hadron trk - - 3.2 1606.05129
ST Metastable  R-hadron dE/dx trk - - 3.2 m(¥})=100 GeV, r>10 ns 1604.04520
S 8 GMSB, stable 7, 1 —7(@ psre) 124 - - 191 |8 537 GeV. 10<tanB<50 1411.6795
= GMSB, ¥)—G, long-lived ¥{ ¥ - Yes 203 | 440 GeV 1<1(¥)<3 ns, SPS8 model 1409.5542
2z, )??—»ee‘;/z;n//mn/ displ. ee/ep/up - - 20.3 7 1.0 TeV 7 <cr(¥)< 740 mm, m 1504.05162
GGM gz, ¥\ —2G displ. vtx + jets - - 20.3 X/? 1.0 Tev 6 <cr(¥})< 480 mm, m( 1504.05162
LFV pp—ve + X, Veoeufet/ur  emeT.ut - - 32 A5y =011, disopizs233=0.07 1607.08079
Bilinear RPV CMSSM 2eu(SS)  03h  Yes 203 m(Z)=m(g), crisp<1 mm 1404.2500
XX )?Tewin,)?xaeev, epv,ppy 4ept - Yes 133 m(T})>400GeV, 4320 (k = 1,2) ATLAS-CONF-2016-075
XX X s WH H5trve erv,  Ben+T - Yes  20.3 m(P)>0.2xm(¥5), 1135%0 1405.5086
E 82,8999 0 4-5large-Rjets - 148 BR(1)=BR(5)=BR(c)=0% ATLAS-CONF-2016-057
€ 3z g-q9%). ) - qqq 0 4-5large-Rijets - 14.8 m(¥})=800 GeV ATLAS-CONF-2016-057
28, 21701, 1) - qqq leu 810jets/0-4b - 36.1 M= 1 TeV, 4112#0 ATLAS-CONF-2017-013
28, 8-t i —bs Tepu 810jets/0-4b - 36.1 m(iy)= 1 TeV, 432320 ATLAS-CONF-2017-013
fify, fi—bs 0 2jets+2b - 15.4 1450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fh, f1—bl 2ep 2b - 20.3 i 0.4-1.0 TeV. BR(f—be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, é—ct] 0 2¢ Yes 203 |@ 510 GeV m()<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or 1 * * * | . . * At
phénomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.

= ATLAS/CMS depressing exclusion tables...
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2. Trouble with minimal BSM? The MSSM

Backed up by searches and measurements in the Higgs sector at LHC:
fits of the h couplings = constraints on the MSSM |M » , tan(] plane:
hMSSM: gz = cosa/ sin B, gugp = Cos a/ sin B, gnyv = sin(f — «)

35.9 b (13 TeV)
CMS 95% CL excluded:
[ ]Observed [ 68% expected
---- Expected 95% expected
T T T | T T T T I T T T T I T T T T
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Eur. Phys. J. C (2018) 78
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Eur. Phys. J. C 78 (2018)
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Vs=13TeV, 36.1-79.8
ATLAS-CONF-2018-031
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3. Quo vadis? Continue direct BSM searches

So is Particle Physics “closed” and we should all go home? No!
Fully probe the TeV scale that is relevant for the hierarchy problem
= continue searches for new particles in all possible channels.

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 J£dt=(3.2-203) b Vs=8,13TeVv
Model t,y Jetst ET™ [ram™) Limit Reference
T
ADD Gk +8/q - =1j  Yes 3.2 6.58 TeV/ n=2 1604.07773
ADD non-resonant £ 2ep - - 203 n=3HLZ 1407.2410
£ | ADDQBH - (q Ten 1j - 208 6 1311.2006
S ApDOBH - 2j - 157 87 TeV 6 ATLAS-CONF-2016-069
2 ADDBH high 3 pr lepn 22 - 32 82TeV 6, Mp = 3TeV, rot BH 1606.02265
£ | ADD BH multet - >3j - 36 955TeV. =6, Mp=3TeV, rot BH 1512.02586
B RS1 Gk — (€ 2ep - - 203 1405.4123
® | RS1 Gk >y 2y - - 32 1606.03833
5 Bulk RS Gk — WW — qqtv Tepu 1J Yes 132 ATLAS-CONF-2016-062
Bulk RS Gk — HH — bbbb - 4b - 133 =10 ATLAS-CONF-2016-049
Bulk RS gk — tt Teu >1b>102 Yes 203 BR = 0925 1505.07018
2UED/ RPP lep =22 4] Yes 3.2 Tier (1,1), BRAM) — ¢t) = 1 ATLAS-CONF-2016-013
SSM 2/ 1t 2en - - 133 |Zmass 4.05TeV ATLAS-CONF-2016-045
2 ssMZ >t 27 - - 195 150207177
S Leplophobic Z' — bb - 2b - 32 |z mass 1.5TeV 1603.08791
8 ssMw iy len - Yes 133 | W' mass 4.74 Tev. ATLAS-CONF-2016-061
® | HVTW - WZ - qqvvmodel A 0ep 10 Yes 132 | W/mass 24TeV o= ATLAS-CONF-2016-082
S | HVT W' - WZ - ggggmodel B - 2y - 155 | W mass 3.0TeV ATLAS-CONF-2016-055
& | HVT V' - WH/ZHmodel B multi-channel 32 |V mass 231 TeV 1607.05621
S LRsMW - tb 1eu 2b01] Yes 203 14104103
LRSM W, — tb Oeu =21b1J - 203 1408.0886
_ | Clgqaq - 2j - 157 |a 19.9TeV i =-1 ATLAS-CONF-2016-069
O  Cltqq 2ep - - 32 |A . 1607.03669
Cluutt 2(S8)28 ep 210,21 Yes 203 1504.04605
S Aialvector mediator (Dirac DM) 0. 1) Yes 32 |ma 1.0TeV 0, m(x) <250 GeV 1604.07773
& | Axial-vector mediator (Dirac DM) Oe.u, 1y 1] Yes 32 [ma 710 GeV. 84=025, 8,=1.0, m(y) < 150 GeV/ 1604.01306
ZZyx EFT (Dirac DM) Oeu 14,<1j Yes 32 |M, 550 GeV/ m(x) < 150 GeV ATLAS-CONF-2015-080
G ScalarlQ 1 gen 2e - 32 |LQmass 11 TeV 1 1605.06035
= Scalar LQ 2" gen 2u - 32 |LQmass 1.05 TeV 1605.06035
Scalar LQ 3¢ gen Tepu Yes 203 1508.04735
VLQ TT — He + X Teu 22b23) Yes 203 Tin (T8) doublet 1505.04306
« VLQYY - Wh+ X Teu 21b23) Yes 203 Yin (B,Y) doublet 1505.04306
2 VLQBB - Hb+ X Ten 22b23) Yes 203 isospin singlet 150504306
88 VQBB-Zb+ X 2>3eu 2221b - 203 Bin (B.Y) doublet 1409.5500
L& viaQQ - weWg Te, >4 Yes 203 1509.04261
VLQ Ts)3 Tsj3 - WeWe 2(88)/>3 e 21b,21) Yes 3.2 | Tsmass 990 GeV ATLAS-CONF-2016-032
Excited quark g" — qy 1y 1j - 32 4.4TeV only u* and d*, A = m(q") 151205910
3 2 Excited quark g" - qg. - 2j - 15.7 5.6 TeV only u* and d*, A = m(q") ATLAS-CONF-2016-069
LS Excited quark b* — bg - 161 - 88 ATLAS-CONF-2016-060
S E  Excited quark b* — Wt torzeu 1b,20] Yes 203 151002664
WS Excited lepton £ 3eu - - 203 1411.2921
Excited lepton v* Beput - - 203 1411.2921
LSTCar — Wy teuly - Yes 203 1407.8150
LRSM Majorana v 2en 2j - 203 m(Wg) = 2.4 TeV, no mixing 1506.06020
» | Higgs triplet H** — ee 2e(SS) - - 139 570 GeV DY production, BR(H;* — e ATLAS-CONF-2016-051
L Higgs triplet H** — ¢r 3eut - - 203 DY production, BR(H;* — £1 1411.2921
S Monotop (non-res prod) ten b Yes 203 non-res =02 1410.5404
Multi-charged particles - - - 203 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - 7.0 DY production, g] = 1g0. spin 1/2 1509.08059
1 1
Vs=13TeV =)
- 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
+Small-radius (large-radius) jets are denoted by the letter j (J).

Should be continued, extended, refined:
new states are simply around the corner and can be found tomorrow!
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More focus on fined-tuned, non-minimal, more complicated scenarii...
Examples of continued searches for heavier/new (super)particles then:

e Within the plain MSSM:

— heavier H, A, H* bosons, especially in non-standard channels,
— keep searching for heavier (3d generation) q and g with higher FT,
— more focus on weak sparticles: electroweakinos and sleptons....

(DM motivated: higgsino-like LSP, stau—co annihilation channels.. s
— scenarii with long-lived p: GMSB (xY — vG), 7 NLSP (displaced..)

e Beyond the MSSM:

— CP and flavor violating MSSM.: still possibility of light Higgs states, ..
— Rp violating processes: some are not so severely constrained.
— NMSSM: light Higgs bosons, singlino LSP, long lived particles, etc...

e And anything else:

— new gauge bosons: Vg excitations, new Z’°,W’ from GUT, etc...
— new exotic fermions: vector-like, KK fermions, excited fermions, ...
— other exotica: H++ bosons, leptoquarks, diquarks dileptons, etc...

In worst case, one extends the limits on the NP scale....
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3. Quo vadis? Continue direct BSM searches

Ex: improved search for heavier
MSSM Higgs bosons in all modes 30

hMSSM

e 1ateyv| - -
3000 fb™ _LESy

60 2
50 : ‘ 8 7

40 hMSSM : [JH-zz
30 LHC 7,8 TeV ; [ Ja-zn

10

g [ JAH-> 1t

5 -I-F—miv

4 B H - WW hMSSM

3 CH-2zz LHC 100 TeV
[JA-=Zh 3000 fb ™’

[ H —hh

300 400 500 600 700 1000
M, (GeV)

AD, Quevillon, Maiani, ... (2016)

200 300 400 500
M, (GeV)
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3. Quo vadis? Continue direct BSM searches

x: mode not yet probed in heavier Higgs searches: gg — H/A — tt

gg->A-tt gg—>A-stt
pure signal
1.05 e 1.05
interference
g 700000)
t
1.00} : - 1 1.00 ===
) / o N g
A\ X X< \ s
S 2
- © © \ -
t & S
g 2095 209
Vs=13Tev Vs=13Tev
090 o 016 0.90 -
° ° =0. -
Ms=7 v Ma=7 v
AD, Ellis,Quevillon,Popov
=1 GeV ['a=36 GeV
038 0

850
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6
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— 58 -
225 0 T
Q Q
« 200 0 @, e
c © = ©
© o © o
“ 175 = + -
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he next question is then: *‘is Particle Physics closed’’? Answer is no!

2) Need to check that H is indeed responsible of EWSB (SM-like?)
= measure its fundamental properties in the most precise way:

e its mass and total decay width (invisible width from dark matter?),
e its spin—parity quantum numbers (CP violation for baryogenesis?),
e its couplings to fermions and gauge bosons and check if they are

only proportional to particle masses (no new physics contributions?),
e its self-couplings to reconstruct Vs potential that makes EWSB.

o(pp — H + X) [pb]
gg— Vs =14 TeV

Hqq
WH..

EEH

100 120 145 180 230 300 400 500
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A check of spin—parity quantum numbers and search for CP violation

Spin: clear situation (no suspense) as the new state decays into v
= not s=1 from Landau-Yang and s=2 (KK grav1t0n") unlikely..

_P numbers: CP-even, CP-odd, or mixture?

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

wW
o
o
o

N
a1
o
o

Generated experiments

Jut problems with this (too simple) picture:
yure CP-odd does not couple to VV @tree-level; = i
n H — Z7Z" only CP-even part is projected out. w5 '%

7TeV,L=51fb"Ns=8TeV,L=1221b"

15001

L E SM, 0+
L H] o-
data

20001

L%

| |
10 20 30

2xIn(L /L)

e Direct probe: via production/decays in extensions like C2ZHDM:

Ex: Undoubtable signs of CP-violation in Higgs decays at HL-LHC

combined searches of h; — h;Z and h; — ZZ with1i,j = 1,2, 3.

e Indirect probe: gygs more democratic = fermionic decays.

ex: spin-correlations in qg — HZ — bbll, qq/gg — Htt — bbtt.
Need to be lucky or is very challenging even at the HL-LHC...
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Perform a much more precise measurement of the Higgs couplings
= would allow a better sensitivity to new physics virtual effects.

¢ In standard production+decay modes as gg—H — ZZ, WW v~
present sensitivity is low in many cases as 2HDM of type I to IV:

Type-I 2HDM Type-Il 2HDM Flipped 2HDM Lepton Specific 2HDM
50 50 50

10 10 10

5 5 5
5 s §

1 1 1

05 0.5 0.5

1 0.1 0.1

-0.4 -0.2 0.0 0.2 0.4 0. —04 —0.2 0.0 0.2 0.4 ©-04 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4
cos(B-a) cos(B-a) cos(B-a) cos(B-a)

¢ In very rare decays that allow additional/unknown information:

-~ H — u"u~ to probe second generation fermion couplings,
— H — Y to probe the sign of some fermionic couplings (here b’s),
— H — Z~ with information that is complementary to H — ~v~.

But will this be sufficient to probe BSM physics? (maybe ratios then?)
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e Total width: I'y =4MeV, too small to be resolved experimentally.
— very loose bound from interference gg— 77 (100% level).
— difficult to access it indirectly (via production rates) very precisely....

» Invisible width: more accessible 35.9 1 (13 TeV)

Direct measurement of H—inv 14f ous ]
-qq— HZ with Z — 11, H — inv ol T .
- similar Efsearch in VBF mode W :

o
(o]
T T

- and also in gg—Higgs+jet
Combined HZ+VBF+ggH now
BRinv S 20% @95 % CL
aissuming a SM Higgs state 02
ew % @HL-LHC possible? O oromes Ver  zie Ve s
ndirect measurement of H—inv

via Higgs BRs measurement: accuracy of O(few %) at HL-LHC
but with TH assumptions: no other decays, SM-like Higgs, etc...

o
2}

o
>
T T T T T T T

95% CL upper limit on 6 x B(H - inv)/o .
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Important challenge: measure Higgs self-couplings and access to V.
ggs from pp - HH + X =

pp — HH + X) [fb
g from pp—3H+X, hopeless. . i
arious processes for HH prod: >
ly gg — HHX relevant... y __ad ~ HHagg
IM " qq/gg — ttHH
40 . — . i Y
SM ! ‘
| O (pp -+ HH + X) /o | q SR qd — WHH]
Vs =14 TeV, My = 125 GeV T T e s
30 o HH o : - 1
25 + qq — HHqq' - ] o
20l ‘ qq -+ WHH | . - | | |
qq—ZHH ----- S8 2% 50 75100
15 i _ V/s [TeV]
of N ; e H — bb decay alone not clean
| e H — ~~v decay very rare,
o e e H — 77 would be possible?
. L e H — WW not useful?
Hi i bb77, bby~y viable? Maybe...

but needs very large luminosity.
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4. Quo vadis? Further probe of the SM

A large increase in sensitivity at high energy machines is possible
as production cross section (especially in some cases) are larger

Higgs—strahlung Vector boson fusion

in associated with QQ
9 OO000—— @

H
----- ¢-----H
9 9 TOOCO———

Baglio etal.,1511.07853

o(/3)/(v/5 = 13 TeV)

100

10

1 _:'

' pp—H+X ' o
My =125 GeV qq/gg
........ w

qq_/ — qu’

bb — H

qq — ZH
: qq — WH _
13 25 50 75 100

V's [TeV]

Very interesting to move to 100 TeV (not only for this of course)!

Tanger 23/09/2019

Higgs: status&perspectives

A. Djouadi

—p.19/22



o+ » 7 Very precise measurements
w —————— mostly at \/5< 500 GeV
- Cp oee <X and mainly in ete” — ZH
. 7. Je* ~ (with 0 o< 1/s) and ZHH, ttH
> 1 Jaww | E0.012
e grzz | £0.012
e Ve i GHbb +0.022
([BeE U | £0.037
=3 ; | ,x’ﬁHuﬁ YHrT +0.033
>V“M”<ﬁ i R g | +0.030
et i 20 350500 \/gO[OGe\l/(iOO 20003000 )\ HHH :|:O ] 22
) - My +0.0004
; i Ty +0.061
H CP +0.038
e 7
= best option for ~ 125 GeV Higgs
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The discovery of the Higgs was historical:
and its probe @ LHC a remarkable success. -
We have now a theory, the SM, whichis: . "[.
e theoretically consistent+complete, B i

68%CL

170

e compatible with all data (anomalies?).
e extrapolable up to ultimate scale

124 124.5
My [GeV]

It is a great success of HEP and we should be proud of it...

We were expecting new phenomena
Az = H H but n(.)thing showed. up at the LHC.
H — Yet still arguments in favor of BSM.

x A% < (1 TeV)2 222 But naturalness guide for BSM

~ """ no more compelling/successful.

m now on, there is no guarantee for discovery at LHC or elsewhere?!

So should we give up and declare that particle physics is closed?

No of course! We should continue our quest (but more modestly).
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5. Conclusion

We need to continue to search for New Physics and falsify the SM:
e directly via new (heavy or light) particle searches with more data.
e indirectly via high precision measurements in H/'W/Z/top sectors,

=3 Proton collider

Possible scenarios of future colliders M Electron collider
1 Electron-Proton collider

mmn Construction/ Transformation
Preparation

30an?

CERN

So let’s move forward: it is still action time!
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