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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: My =125.14+0.24 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 hierarchyv 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 _' SUPERSYMMETRY

— links s=% fermions to s=1 bosons,

— links intzernal/space time symmetries, -
— if made local, provides link to gravity,

— natural 12 < 0 radiative EWSB,
— sparticle loops cancel A2 behavior Standsrdpartices  SUSY particls

extend EWSB sector: at least 2 doublets.
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The problem is that:

\) we observe a Higgs with a mass of 125 GeV and no other Higgs:

ox BR rates compatible with
those expected in the SM

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

Results from the LHC 7-8 TeV
campaign already give us:
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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; and 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 two free parameters at tree-level to describe the system tan, My
Mi i = 3 {M2A + M3 F (M3} + M3)? — 4M3 M3 cos? 20]Y/2 }

_ —MRA+M7)sin25 MA+My (=

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).

¢ 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.
Bled 12/07/2017 A deeper probe of new physics — A. Djouadi — p.6/22



2. Trouble with 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 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 Ty Jets EN (™) Mass limit Reference
T T — —r
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes  20.3 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
@ 7,34 (compressed) monodet  1-3jets  Yes 3.2 m(g)-m(@)<5 GeV 1604.07773
R 4] 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‘]/ﬂ? en 4 jets - 132 m(¥})<400 GeV ATLAS-CONF-2016-037
82, §—qqWZX| 2e,u(SS) 03jets  Yes 13.2 m(¥}) <500 GeV ATLAS-CONF-2016-037
2 GMmsB(ZNLSP 12740-1¢ 02jets  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 1503.03290
Gravitino LSP 0 mono-jet  Yes  20.3 m(G)>1.8 x 10~ eV, m(z)=m(g)=1.5TeV 1502.01518
8T 2z zobbt) 0 3b Yes  36.1 m(¥)<600 GeV 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 biby, i}uab)?j 0 2b Yes 32 m(E)<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 1-2e.p 4b Yes  36.1 320880 GeV m(E)=0Gev ATLAS-CONF-2017-019
Tirlig, I8 2ep 0 Yes 203 90-335 GeV m(@) 1403.5294
XX, X = Dv(tw) 2epu 0 Yes 133 m(E})=0 GeV, m(7, )+mE) ATLAS-CONF-2016-096
XY X () 2r - Yes 148 m(i) 5(M(T; )+m(E)) ATLAS-CONF-2016-093
= E ):(?EEJLZQ_{(XV; CVILEGY) Ben 0 Yes 133 MET)=m(E3), m(¥! 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  18.4 m(¥i)-m(¥)~160 MeV, 7(¥5)<15 ns 1506.05332
'g o Stable, stopped g R-hadron [ 1-5jets  Yes 27.9 m(E)=100 GeV, 10 us<r(z)<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
5 g GMSB, stable 7, )Zf.'—ﬁ(é,mn(e,,‘) 1-2pu - - 19.1 X 537 GeV 10<tanB<50 1411.6795
=% GMSB. #—yG, longlived ¥° y - Yes 203 | 440 GeV Tr(E0)<3 ns, SPS8 model 1409.5542
2z, i —»ee‘;/zuy/,mv 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—vr + X, vroep/et/ut CHLETHT - - 32 A5,=0.11, Ai32y133/233=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
&2 g1, ¥ - qaq leu 810jets/0-4b - 36.1 M= 1 TeV, 4112#0 ATLAS-CONF-2017-013
28, 8-t i —bs lep 8-10jets/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
s s PR | N s P

*Only a selection of the available mass limits on new states or 1 1
phénomena is shown. Many of the limits are based on 10 Mass scale [TeV]
simplified models, c.f. refs. for the assumptions made.

= ATLAS/CMS depressing tables...
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Also backed up indirectly by the measurement of the Higgs properties:
fits of the h couplings = constraints on the MSSM |M » , tan(] plane:

MSSM: g5y = cos a/ sin 8, 8uip = €os a/ sin B, gpyv = sin(f — a).
Direct search for pp—H,A
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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 to search for heavier Higgs bosons and new (super)particle:

¢ 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 (x} — 7G), 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...
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3. A deeper probe of new physics

Search for MSSM H, A, H* bosons in non-standard channels,
how the ’money Higgs plot” at the end of HL-LHC could look like:
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3. A deeper probe of new physics

In MSSM: plenty of (natural?) parameter space that is not probed yet!
Example form a recent analysis of Kamila Kowalska, 1608.02489

— analysis of pMSSM with 19 para. and neutralino DM in light of LHC
— recast of 12 ATLAS analyses at 13 TeV with a luminosity of 14 fb—!

— large scan and fraction of points that are not yet excluded by data.

K.Kowalska (2016) K.Kowalska (2016)
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Blue: still some way to go in the parameter space!
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In SUSY, there are several ways to measure naturalness or fine-tuning,
eg Barbieri-Giudice fine-tuning measure: = 0log M3 /01log M3
Sensitivity of myy, , parameters to higgsmo, stop, gluino masses @LL:
higgsinos: dm3; = 11?
stops  : dmP ~ —g2zyem2 1og(Ames/Ms)
gluinos : dm3; ~ —gfﬁ IM32 10g” (A mes/Msg)
with Mg ~ 1 TeV and A, =~ few 10 to few 100 TeV in GMSB e.g.
A < 10 (100) means that scenario is natural at 10% (1%) level

(scenario is more natural/less fine-tuned with lower messenger scale...).

e Vanilla MSSM: with Rp conservation and flavour diagonal sfermions.
A<10 = 13$300GeV, msz $1.5TeV, mg S1TeV

But there are less ’constrained’ scenarios with less fine-tuning:

e effective SUSY: 1st/2nd generation squarks decoupled to 5 TeV,

e Rp violating SUSY: with e.g. higgsinos decaying into a cds trio,

e adding some sector like Hidden Valley to the MSSM, .....
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3. A deeper probe of new physics

Recent (and optimistic?) analysis of M. Buckley et al. in 1610.08059:
detailed reinterpretation of 13TeV ATLAS+CMS searches with 15 fb—!
and interpretation in terms of fine-tuning in several SUSY scenarios...
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In the NMSSM: plenty of searches can be made only with more data!
For instance: search for higgsino—singlino states at the HL-LHC
(natural with low 1, only weak constraints, yet almost unexplored ).
only DM+LEP+Higgs constraints  also direct searches with 3ab—':
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Relevant search channel at THE LHC: pp — x;x; — n{= + Efs
blue: simple recast of ATLAS results but for 3ab—! HL data;
yellow: CHECKMATE analysis including hadronic W decays.
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3. A deeper probe of new physics

There are searches for exotica in a large number of channels!

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 [Ldt=(3.2-203) b Vs =8,13TeV
Model ty Jetst ET [ratm) Limit Reference
ADD Gkk +g/q - >1j Yes 3.2 6.58 TeV 1604.07773
ADD non-resonant (£ 2epu - - 20.3 1407.2410
€ ADDQBH - (q 1epu 1j - 20.3 1311.2006
- | ADDQBH - 2j - 157 8.7 TeV ATLAS-CONF-2016-069
€  ADDBH high 3 pr >lenu >2j - 32 8.2 TeV , Mp =3 TeV, rot BH 1606.02265
£ ADD BH multiet - >3j - 36 9.55 TeV/ , Mp = 3TeV, rot BH 1512.02586
I RS1Gkk — 2ep - - 20.3 0.1 1405.4123
®  RS1Gkk ~ vy 2y - - 32 1606.03833
= Bulk RS Gk — WW — qqtv Ten 1J Yes 13.2 1.24 TevV . ATLAS-CONF-2016-062
W BuKRS Gxx — HH — bbbb - 4b - 133 360-860 GeV KiMpi = 1.0 ATLAS-CONF-2016-049
Bulk RS g — tt lep 21b>1J2 Yes 203 BR = 0.925 1505.07018
2UED/RPP lepu =2b>4j Yes 3.2 Tier (1,1), BR(AMD — ) =1 ATLAS-CONF-2016-013
SSM Z — (¢ 2eu - - 13.3 | 2" mass 4.05 TeV ATLAS-CONF-2016-045
2 SsMZ T 27 - - 195 1502.07177
8 Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
S  SSMW iy len - Yes 133 | W’ mass 4.74 TeV ATLAS-CONF-2016-061
Py HVT W’ —» WZ — gqvvmodel A O e, u 1J Yes 13.2 W’ mass 2.4Tev 8gv = ATLAS-CONF-2016-082
®  HVT W’ - WZ - qqqq model B — 2J - 155 | W’ mass 3.0 TeV av= ATLAS-CONF-2016-055
T HVT V' - WH/ZH model B multi-channel 3.2 V’ mass 2.31 TeV 8&v = 1607.05621
S LRsm Wy — tb lepu  2b01) Yes 203 1410.4103
LRSM W}, — tb Oeu 21b1J - 20.3 1408.0886
—  Clggaq - 2j - 157 |A 19.9TeV nu=-1 ATLAS-CONF-2016-069
QS  Clttgq 2ep - - 32 |a 252TeV i =-1 1607.03669
Cl uutt 2(SS)/>3 eu>1b,>1] Yes 20.3 |Crel = 1 1504.04605
s Axial-vector mediator (Dirac DM) Oe,u >1j Yes 3.2 ma 1.0 TeV 84=0.25, g,=1.0, m(x) < 250 GeV' 1604.07773
aQ Axial-vector mediator (Dirac DM) 0O e, i, 17y 1j Yes 3.2 ma 710 GeV 84=0.25, g,=1.0, m(y) < 150 GeV 1604.01306
ZZxx EFT (Dirac DM) Oep 1J,<1)  Yes 3.2 M. 550 GeV m(x) <150 GeV ATLAS-CONF-2015-080
o Scalar LQ 1%t gen 2e >2]j - 3.2 LQ mass 1.1 TeV p=1 1605.06035
3 ScalarLQ 2" gen 2u >2j - 3.2 B=1 1605.06035
Scalar LQ 3" gen lepu 21b>3] Yes 203 B=0 1508.04735
VLQ TT — Ht + X lepu 22b>3] Yes 203 Tin (T.B) doublet 1505.04306
VLQ YY - Wb+ X lepu 21b23) Yes 203 Yin (B,Y) doublet 1505.04306
%‘%’ VLQ BB - Hb+ X ey 22b>3j Yes 20.3 isospin singlet 1505.04306
© S viaBB-Zb+X 2>3eu  >2/21b - 20.3 Bin (B,Y) doublet 1409.5500
L & viaQQ - walg Ten >4  Yes 203 1509.04261
VLQ Ts/3Tsp3 » WeWe 2(SS)/>8 eu=1b,21j Yes 3.2 Ts/3 mass ATLAS-CONF-2016-032
Excited quark g* — qy 1y 1j - 3.2 q* mass 4.4 TeV only u* and d*, A = m(q") 1512.05910
T @ Excited quark ¢* — qg - 2j - 15.7 q* mass 5.6 TeV only u* and d*, A = m(q") ATLAS-CONF-2016-069
2.8 Excited quark b — bg - 1b,1j - 8.8 | b*mass ATLAS-CONF-2016-060
S & Excited quark b* — Wt tor2epu 1b,20j Yes 203 fi=fi=fr=1 1510.02664
WS Excited lepton ¢* 3en - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Beput - - 20.3 A=16TeV 1411.2921
LSTC a7 — Wy Teply - Yes  20.3 1407.8150
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
L Higgs triplet H** — ee 2e(SS) - - 13.9 | H* mass 570 GeV DY production, BR(H;* — ee)=1 | ATLAS-CONF-2016-051
D Higgs triplet H** — ¢t Seut - - 20.3 DY production, BR(H;* — (7)=1 1411.2921
5 Monotop (non-res prod) Teu 1b Yes 20.3 anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles — - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

- P | N N PR | N N PR | N N PR
V5 =13 TeV =
- 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.
TSmall-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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10ther way to search for New Physics: high precision measurements.
Example: Higgs couplings in cleanest channels: H— v, H— 4/¢*

channel atlas cms
+0.23 +0.16 +0.12 +0.21 +0.16 +0.09
e AraeEahle ael | L0 e cpte (eos)
HUzz7 1.46 “¢37 “o13 (—0:11) 0.93 "5353 “509

Is this enough to probe effects of new physics or BSM?
ot in the case of weakly interacii\i};g theories like 2HDM, SUSY, etc...

eXpeCt effeCtS at ~ Cne;‘vaw ~ Mzh ~ 1%; ?T:?f TS\i/r-ml"Jlet:O:oo‘b‘-JLdt=3ooo fo”
Is 1% accuracy achievable at HL-LHC (3ab 1)’ Hﬂj‘“iﬂ“}"
e Statistical error: 20%/v/3 x 100 < 1-2% N
(projection OK with ATLAS+CMS combo) o2z [
e Systematical error: can be made < 1% ? VBRH W ‘
some errors are common (luminosity, etc....). Wt _
e Theoretical uncertainty (if it is >1%): e —m
will be then by far the crucial/limiting issue! ot ) F

= How big is it? Can it be reduced? Removed? o B

0 02 04 06 0.8
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Production cross sections

gg— H by far dominant process

(=~ 85% of the events before cuts)
= 0(10%) total TH uncertainty .....
followed by cleaner VBF+VH modes:
only
smaller TH error only for inclusive...

0.1

= 0(10%) for total uncertainty? 15

Decay branching ratios

Dominant decay H— bb ~ 60%
Affected by QCD+parametric errors:
from my, and o5 only, a few % =
migrate to O(5%) error in other modes
suchas H — vy, ZZ, WW 71

(partial widths very precise < 1%).

= too large theory uncertainties
(even if reduced by a factor of 2)...

Bled 12/07/2017

S 15% of rate before cuts... !

- o(pp — H + X) [pb]
My = 125 GeV

A deeper probe of new physics

e it aqq — ZH
i bb — H
NNLO QCP
25 50 75 100
Vs [TeV]
": 1% T T T T { T T T { T T T { T T T { T T T %
§ : - WW =
S5 F bb g
- 9]
AL
o
—10 1 1T A ZZ |
+ ‘~\
% cC
S
S10%F 3
I
” l
1 0'4 1 1 1 l 1 1 1 l lllllll l llllll
80 100 120 140 160 180 200
My [GeV]
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Best way to eliminate theory uncertainty: use ratios of signal rates.
H— VYV with V—/ as reference and H— XX with H produced in p:
Dxx = oP(pp - H — XX)/oP(pp - H — VV)

= oP(pp—H)xBR(H— XX)/oP(pp—H)xBR(H—VYV)

— BR(H—XX)/BRH-VV)=T'(H—XX)/T'(H->VV)

To first approximation: Dxx = c% /c%,

Works only if one selects exactly same kinematical configuration
(i.e. same ’fiducial cross sections’) for the two channels X and V!

e the theoretical uncertainties from the cross sections drop out;
e the parametric uncertainties from the branching ratios drop out;
e the theoretical ambiguities in the Higgs total width also drop out;

= Dxx measures only the ratio of partial decay widths.

e Extremely clean theoretically, although some information will be lost
e And maybe it has also some advantages from the experimental side?

Best probe by far is D.., which measures deviations of the v~ loop

_ opp—H=vyy) _ TH=vyy) _ 2 /.2
Dy, = sopsiovy) = taovy) = drei/ey
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2

G, a2 M3
Y I'= 128 \/571-11;1 Zf Nce?A'I%I(Tf) + A'{_I(TW)

(2) A?{z(f) =2[r + (7 = Df(7)] 777
@.W AH(7) = —[27% + 37 + 3(27 — 1)f(7)] 72
e Loop decay. In SM: only W- and top-loops are relevant (others small)
e For m; — 0o = Ay, = § and A; = —7: W loop dominating!
v~ width counts the number of charged particles coupling to Higgs!
Contribution A? of particle p of spin s with Higgs coupling gg;,p,:
Ag — _%gIZ-Ipp/mlzz” Ai)/z — +§g12—1pp/m%’9 Ai) — _7g12—Ipp/m1239

If grpp o My, = Ag — +3, A, = —3,AY = +7.
Small/calculated QCD and EW corrections: only of order of percent.

In SM with W,t loops: c, ~ 1.26 x |cw — 0.21 c¢|
Assuming custodial symmetry gyzz =guww =cv, D,, = c2/ci, is
c?/cy = 6.5 X |1 — sci/cy|?
with cyv = ¢ = 1 in SM. Any new physics effects will alter this value.
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4. Indirect searches for new physics

Will D, be the g-2 of the LHC? Yes, if measured at 1% level!
Examples of BSM searches: AD, Quevillon. Vega-Morales, 1509.03913

AD,, AD,,
‘ 10

hH H

100 150 200 250 300 100 200 300 400 500 600 700 800
My [GeV] My 1Ra\N

AD,,

0.500
0.300
0.100
0.050
— 600/ L ™ 0.040
0.030

0.020

0.010

IX; | ™ e ]
tang=1
tanp=10 0.005
2000 2500 200 400 600 800 1000
m, = [GeV]

1000 1500
m_ [GeV]
1

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

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

So let’s move forward: it is still action time!
(or as experimentalists usually say: stay tuned!)
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