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Higgs: Au centre et au coeur du Projet ENIGMASS

la preuve?

LAPTh
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Higgs: Au centre et au coeur du Projet ENIGMASS
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The enigma of the mass
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Higgs au coeur du Projet

Figure 1 shows our tentative schedule and milestones.

B our Milestones.
1 Communitie's milestones
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Figure 1 : The ENIGMASS Time line
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Depuis juillet 2012, 'urgence est encore plus grande, le recentrage
essentiel!

Figure 1 shows our tentative schedule and milestones.

B Our Milestones
1 Communitie's milestones
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On a découvert le Higgs. Une grosse partie de I'énigme est résolue?
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On a découvert le Higgs. Une grosse partie de I'énigme est résolue?

On nous coupe le financement?
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Hare Higgsna, Hare Hare...

from Adam Martin, from?
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Hare Higgsna, Hare Hare...

why not just praise the Lord and the SM

The holy cow has got 4 legs: 3 Goldstones and one scalar L\PTh
e
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Hare DonkeyColour
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The Standard Model Higgs search : production

\s=7TeV 7
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LHC HIGGS XS WG 2010
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The Standard Model Higgs search : channels

[y

Higgs BR + Total Uncert

10

LHC HIGGS XS WG 2011

10° 750 S 200 300 400 500 1000
M, [GeV]
for my = 125GeV 'y = 4.2MeV
h — bb 56% h— WW* 23% h— 71 6%
h—ZZ* 3% h— vy 0.2%

F. BOUDJEMA (LAPTh)

Thank you Nature=Hare Higgsna!
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The Standard Model Higgs search : channels

» ~v : low masses

» can probe VBF with vy 4 2j

v

ZZ : different subchannels (4¢,202v - - -)
Good sensitivity even below the threshold
» WW : similar features

» can probe VH, VBF with WW + 1/2j

v

77 : whole mass range

> MSSM-like analysis since this channel is t3 enhanced

VH — Vbb : low masses

v

> Independent of gg — H!
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All is standard? what is still hidden in other mass ranges? —
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Higgs and Symmetry Breaking

A proposal

for

ENIGMASS

\

Fawzi BOUDJEMA

LAPTh, CNRS, Annecy-le-Vieux, France

for

the Task Force HIGGS@QENIGMASS
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GI1: Higgs at 125Ge

Study and reconstruction of Couplings

SM/QCD Photon Physics

(Higgs Potential)

L _
yem
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G1: Higgs at 125Ge

Study and reconstruction of Couplings

SM/QCD Photon Physics
(Higgs Potential)
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G1: Higgs at 125Ge

Study and reconstruction of Couplings

SM/QCD Photon Physics
(Higgs Potential)

WG3: Higgs Connections

Higgs Portal and Dark Matter

New Physics Signals of top-siblings
LHC upgrade, LC
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G1: Higgs at 125Ge

Study and reconstruction of Couplings

SM/QCD Photon Physics
Fitters: CKMFitters, Sfitter
(Higgs Potential)

WG2: A lone Higgs?

Theories of multi-Higgs
Flavour Physics (b — sy, Bs — pp,..)

Benchmarks for H+, A°

WG3: Higgs Connections
Higgs Portal and Dark Matter
New Physics Signals of top-siblings
LHC upgrade, LC
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G1: Higgs at 125Ge

Study and reconstruction of Couplings

SM/QCD Photon Physics
Fitters: CKMFitters, Sfitter
(Higgs Potential)

WG2: A lone Higgs?

Theories of multi-Higgs

Indirect Constraints

Flavour Physics (b — sy, Bs — pp,..)

Reanalysis D0 < MH,S < 800GeV

Benchmarks for H=, A°

WG3: Higgs Connections
Higgs Portal and Dark Matter
New Physics Signals of top-siblings

LHC upgrade, LC
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G1: Higgs at 125Ge

Study and reconstruction of Couplings

SM/QCD Photon Physics
Fitters: CKMFitters, Sfitter
(Higgs Potential)

WG2: A lone Higgs?

Theories of multi-Higgs

Indirect Constraints

Flavour Physics (b — sy, Bs — up,..)

Reanalysis 90 < MH’S < 800GeV

Benchmarks for H*, A°

WG3: Higgs Connections

Higgs Portal and Dark Matter

Work with AstroCosmo Force

Direct and indirect Detection
New Physics Signals of top-siblings
Relic Density

LHC upgrade, LC
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G1: Higgs at 125Ge

Study and reconstruction of Couplings

SM/QCD Photon Physics

Fitters: CKMFitters, Sfitter
(Higgs Potential)

WG2: A lone Higgs?

Theories of multi-Higgs

Indirect Constraints

Flavour Physics (b — sv, Bs — pp,..)
Reanalysis D0 < MH1S < 800GeV
Benchmarks for H*, A°

WG3: Higgs Connection;<]
Work with AstroCosmo Force

Higgs Portal and Dark Matter
Direct and indirect Detection
New Physics Signals of top-siblings

LHC upgrade, LC
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WG1: Higgs at 125GeV
Nature of the Higgs and its Naturalness «x «
Study and reconstruction of Couplings
SM/QCD Photon Physics
spin determination

(Higgs Potential)
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Acteurs d’ENIGMASS concernés (% = FTE) :
LAPTh G. Bélanger, 40%, F. Boudjema, 70% D. Guadagoli, 30%, B. Herrmann, 15%
LPSC: J. Collot, S. Kraml, 50% , C. Smith, 30% (LPSC), A. Lucotte
LAPP: N. Bergé, M. Delmastro, C. Goy, R. Lafaye, V. Tisserand

Exp: sans % mais s’associent au WG et ....a la demande ANR, 13/12/2012
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Why Multi-Higgs? Other Higgses? Nature of the vacuum: Why Beyond
SM, ..still?
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Why Multi-Higgs? Other Higgses? Nature of the vacuum: Why Beyond
SM, ..still?

» What happened to the naturalness argument?
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Why Multi-Higgs? Other Higgses? Nature of the vacuum: Why Beyond
SM, ..still?

» What happened to the naturalness argument?

» What about Dark Matter? keeping the religious analog: we are not in the centre of
the Universe and we are made up of a minute part of what constitutes the

Universe at large

-

PTh
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Why Multi-Higgs? Other Higgses? Nature of the vacuum: Why Beyond
SM, ..still?

» What happened to the naturalness argument?

» What about Dark Matter? keeping the religious analog: we are not in the centre of
the Universe and we are made up of a minute part of what constitutes the
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» Unification of forces
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Why Multi-Higgs? Other Higgses? Nature of the vacuum: Why Beyond
SM, ..still?

» What happened to the naturalness argument?

» What about Dark Matter? keeping the religious analog: we are not in the centre of
the Universe and we are made up of a minute part of what constitutes the
Universe at large

» Unification of forces

Sounds familiar?
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Why Multi-Higgs? Other Higgses? Nature of the vacuum: Why Beyond
SM, ..still?

» What happened to the naturalness argument?

» What about Dark Matter? keeping the religious analog: we are not in the centre of
the Universe and we are made up of a minute part of what constitutes the

Universe at large

» Unification of forces

Sounds familiar? | Yes, Supersymmetry, UED, More unknown theories

-
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We may have been too naive: SUSY as an example

>

SUSY provides nice solutions (Naturalness, DM, ) but the MSSM may have been

too simple and naive

Supersymmetric Effective Approach: encapsulates effects from different
implementations. Higgs is a very good window.

Effective approach: what do we learn from discovering the first Higgs, h.
Importance of accessing as many channels of h as possible

Signatures depend not only on the different implementations but also on the role
of the stops.

The role of Higgsinos and naturalness

What about the other Higgses, keep analyzing the data in a wide range of Higgs
masses

Flavour observables important: B — Xsv*
Direct Detection important LAPTh
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New analysis, stage 1: Recasting to non-SM models

FB, G. Drieu La Rochelle (PhysRevD 2011)

» Use the exclusion ratio in the no signal case

Rexcl 95% _ Opp—dp—XX
XX -

excl 95%
pp— p— XX
» Use signal strength in the case of a signal
_ Opp—op—XX
Rxx = g
Upp—>H—>XX

» Use the MSSM production modes

Tpp—sp—xx = (Tggh + ovBF + Tvh + Oppy) X BR(¢ — XX)
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December 2011, 5 o~

Higgs signal, h as a signal in Model A

» The reduction of gz, implies strong correlations between
enhanced channels

4 T T .
35 & 7
3+ . i
2.5 :
>

Rxx h

15
Ryy = Rzz ~ Ry y2jets

’ R,, = 2is possible. ex:
0.5 |- T Rzzn B R,y =2, Ry =

R e —

5 yvh+2]‘ets

0 U — ‘ 1.7, Ryyizjets = 1.5
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Higgs signal, h as a signal in Model A

> The reduction of gz, implies strong correlations between
enhanced channels

» Correlation with VH — Vbb channel.

F. BOUDJEMA (LAPTh) Higgs@ENIGMASS

December 2011, 5 o~

Ryy > Rzz ~ Ry i2jets
R, = 2is possible. ex:
Ryy =2, Rzz =

1.7, Byyq2jets = 1.5

RVH,Vbb = 0.6 with
Rv"/ =2
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Model A facing flavour

40 T T 0 T
AY->1T *

35 - AL->TT+Bg->Ul

30 [A%->TT+Bs->ppu+b->sy  *

25

220

0 n
100 150 200 250 300 350 400 450

MAO (GEV)

L/\PTI
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Model A facing flavour

40 I T 0 T T
AY->T1T -

35 - AQ->TT+Bg->ul

30 [A%->TT+Bs->pp+b->sy  *

25

220

100 150 200 250 300 350 400 450
MAU (GeV)

First consequence : Ma, < 200 GeV excluded for all t5 € [2, 40]

L/\PTI
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Model A facing flavour

40 T T T

Al->TT *
35 Al->TT+B.->pp
30 [A%->TT+Bs->pp+b->sy  *

25 -

220

100 150 200 250 300 350 400 450
Mao (GeV)

First consequence : My, < 200 GeV excluded for all t5 € [2, 40]
B — Xsv* more restrictive even if more luminosity is taken for A — 77 LHC analysis
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Adding Direct Detection, XENON100 (2012), Model A

Assume the correct abundance, no assumption on thermal history
M, = n = 300GeV scan over M; : 7 — 300GeV

WIMP-Nucleon cross-section (cm?)

le-42 ¢

.
| 3.5 L B
le-43 | 3| M 4
i 1
| - 25 i * B
le-44 | T 2t % e B
L H
T 15 AN i
+ o+
le-45 | 1+ BEEEA e
r o5 L Tt ]
r XENON100 2012
le-46 L L L 0 L I L
50 100 150 200 250 300 50 100 150 200 250
my, 0 (Gev) my,0 (GeV)
Xenon100 (2012) very restrictive, only small values of M;, Myo
R, ~ 2 possible with Mo < 150GeV
LAPTh
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Profil du Poste

» Un jeune théoricien travaillant avec des expérimentateurs

» Nous avons un manque de model builders et model independent approaches (Au
dela du MSSM, UED..)

» Pouvant utiliser les approches statistiques et simulations, fits,...
» Connaissance DM
» Precision Physics

» Annonce serait faite le 15 octobre 2012. Recrutement pour 3 ans a partir du 1er
octobre 2013.

» Préférence pour these+3 mais un trés bon These+0 sera le bienvenu

LAPTh
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