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Un peu de contexte local

Groupe ATLAS au LPSC Grenoble depuis 1991.

o it LAr oroutens  ATLASpprun:June-August 2015 |
au calorimétre LAr.

Inner Tracker aloximeters Muon Spectrometer Magnets
Pixel SCT TRT

Tile MDT RPC CSC TGC Solenoid Toroid

Cette tradition est encore clairement
visible dans les contributions
Luminosity weighted relativeMupﬁme (in percent) and good quality data delivery during the stable beams in pp

d u g rO u pe collisions at 13 TeV between June-August 2015, corresponding to 173 pb! recorded luminosity.

LAr
985 99.7 100 \ 99.1/ 100 100 99.3 100 100 100 99.6

Deux exemples réecents :
- LAr data quality

- Software des jets

... méme si le futur du groupe
se trouve dans le fracking

(cf. présentation de Johann).
Pierre-Antoine Delsart

For leading and implementing crucial changes to jet and Etmiss software
and development of xAOD dual use tools during LS 1.

Ces centres d'intérét en ce qui ATLAS Cllsboration Weck, CERN,june 18, 2015
concerne les détecteurs sont

fortement liés aux activités

d'analyse de données..
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Les « exotiques » dans ATLAS

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 [Ldt=(47-203) b V5=7,8TeV
Model ty Jets ET™ [La] Limit Reference
T T T — T T T T T T T T T T T —T
ADD Gkk +g/q - 21j Yes 203 n=2 1502.01518
ADD non-resonant ££ 2e,p - - 20.3 n=3HLZ 1407.2410
ADD QBH — £g 1eu 1j - 20.3 n=6 1311.2008
ADD QBH = 2j = 203 n=6 1407.1376
ADD BH high N, 24 (8SS) - - 20.3 n =6, Mp = 3 TeV, non-rot BH 1308.4075
ADD BH high ¥, pt >lepnu >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1405.4254
ADD BH high multijet - 22j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1503.08988
RS1 Gk — £ 2eu - 203 ki/Mp =01 1405.4123
RS1 Gkk — ¥y 2y - - 203 Kk/Mg =01 1504.05511
Bulk RS Gyx — ZZ — qqtt 2epu 2j/14 - 20.3 k/Mp =10 1409.6190
Bulk RS Ggx —» WW — qgfv 1ep 2j/14 Yes 20.3 k/Mp; = 1.0 1503.04677
Bulk RS Gy — HH — bbbb - 4b - 19.5 | Gk mass 500-7200GEVH K/ My =10 1506.00285
Bulk RS gyx — tt 1eu =1b,>1J2] Yes 20.3 BR =0.925 1505.07018
2UED/RPP 2e,u(SS) 21b,21] Yes 203 1504.04605
SSM Z* — ¢£ 2ep - - 20.3 1405.4123
2 SsMZ 11 2T - - 19.5 1502.07177
H H SSM W’ — ¢v Teu - Yes 203 1407.7494
Contrlbutlons E EGM W' = WZ — tv&'¢ 3eu - Yes 203 1406.4456
EGM W’ — WZ — qqét 2eu 2j/1d - 20.3 1409.6190
bl H § EGM W’ - WZ — qqqq - 2J - 203 1.3-1.5 TeWl 1506.00962
g re n O O I S eS o HVT W' — WH — fvbb leu 2b Yes 203 1503.08088
S |rsm W) —th tepp  2b01] Yes 203 1410.4103
LRSM W, — tb Oe,u z1lb1d - 20.3 1408.0886
Clqgqq - 2j - 17.3 1504.00357
. Cl qqft 2ep = = 20.3 e =-1 1407.2410
Cl uutt 2e,u(SS) 21bxz1] Yes 203 ICul=1 1504.04605
ﬂ EFT D5 operator (Dirac) Oepu >1j Yes 20.3 at 90% GL for m(y) < 100 GeV 1502.01518
EFT D9 operator (Dirac) Oepu 14, 1] Yes 20.3 at 90% GL for m(y) < 100 GeV 1309.4017
Scalar LQ 1%* gen 2e >2j - 203 B=1 Preliminary
Scalar LQ 2" gen 2p 22]j - 20.3 B=1 Preliminary
Scalar LQ 3" gen 1eu 21b 23] Yes 203 B=0 Preliminary
VLQTT - Ht+ X 1eu =22b 23] Yes 20.3 T in (T,B) doublet 1505.04306
§.§ VLQ YY - Wb+ X Tes =21523] Yes 203 ¥ in (8,Y) doublet 150504306
O VLQBB - Hb+X 1epg 22b 23] Yes 20.3 isospin singlet 1505.04306
T VLQBB—Zb+ X 2/>3eu 2210 - 20.3 Bin (B,Y) doublet 1409.5500
Ts3 — Wt leu =21b=5j Yes 20.3 1503.05425
Excited quark g* — gy 1y 1j = 203 only u* andd*, A= m(q") 1309.3230
Excited quark g* — qg - 2j - 203 only u” and d*, A= m(q") 1407.1376
Excited quark b* — Wt 1or2euib2jori] Yes 47 left-handed coupling 1301.1583
Excited lepton £* — £y 2eu 1y - - 13.0 A=22TeV 1308.1364
D . . Excited lepton v* — ¢W,vZ 3euT - - 20.3 A=16TeV 1411.2921
epu IS peu - LSTC ar —» Wy Tep 1y = Yes 20.3 1407.8150
H t LRSM Majorana v 2ep 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
pa I res O p . Higgs triplet H** — ££ 2e,u(SS) - - 20.3 DY production, BR{H* — £f)=1 1412.0237
n o o Higgs triplet H** — ¢r e, T = = 20.3 DY production, BR(H* — £r)=1 1411.2921
Se m e m e S | g n e 8 Monotop (non-res prod) 1epu 1b Yes 20.3 angn-res = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, [g| = 5e 1504.04188
Magnetic menopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 Preliminary
1 MR TR | 1 L M

*Only a selection of the available mass limits on new states or phenomena is shown.

10 Mass scale [TeV]
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Résonances t t (lepton + jets)

o 10°FATLAS Preliminary = Data 5xZ(15Tev)
Run 1 results  OF [earen Db e a0y
. . o 10f i— BVutiets  [JW-jets _i
+ Conference note published with 14 fb! : g 10y - ]
= . . w 10“h 1s=8Te 3
+ model independent limits 10{ :
0.5TeV < m(narrow topcolorZ’) < 1.8 TeV ‘1";!!r e
0.5 TeV < m(broad KK gluon) < 2.0 TeV 1k i
ith full |( i Y )fb~1 lctior® 1 i
«  Paper with full lumi at 8 TeV (20 ) near comp etlorg 0'56";"'6'5 _______ — 152_/*%/ -

mee (TeV)
https://cdsweb.cern.ch/record/1547 568

Run 2 prospect
+ ~ 5fb?! needed at 13 TeV to reach run 1 sensitivity
« => high priority analysis in 2015
« Analysis team in place and analysis preparation started
+  Challenges : boosted topology, b-tagging

HL-LHC prospect

3 oor [ i B e fee o

= — — Ldt=30001" » 10’ ATLAS Preliminary — i

model ~ 300fb~" 1000fb~" 3000fb~" ; mayl I S
> 10 1S = 14 TeV

9gKK 43(4.0) 5.6(49) 6.7(5.6)
¥4 33(1.8) 45(2.6) 5.5(3.2)

topcolor

e & 3

7% I TR rv\ -[GQV]
l'I’l‘i [TQVI
(https://atlas.web.cern.ch/Atlas/GROUPS /PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-003/ttbarresprospect)
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Paires de tops du méme signe (tt)

Recherche d'événements avec deux quarks top de méme signe:
— Signature supprimée dans le cadre du Modele Standard mais présente dans
plusieurs scénarios de physique au-dela du MS

— Etudes phénoménologiques dans le cadre de modeles de supersymétrie:
modele RPV avec scénarios « holomorphic/full minimal flavor violation » -
Travail en liaison avec le groupe de physique théorique

d 3 o [ .
d : C.nr"'(f 5 m{;‘/‘:d
" 7 5
& § B & - 7 N
(j_v_g“:..,<§ 3 6.Y'< S i.’f

— Recherche de signature tt au run-IT a 13 TeV: limites et tests de modéles
SUSY, d'interaction de contact (échange particule lourde), de couplage FCNC
(échange particule réelle plus Iégére, Z' ou Higgs standard/exotique)

S.Berlendis (doctorant 1¢re année), A.Lleres (directrice de these) et C.
Smith (groupe théorie - co-encadrant)
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Recherche de matiere sombre au LHC

WIMP pair production on pp collisions
In association with a jet or a photon.

ey

missing E_

The WIMPs escape detection.

“Need something else in the event to observe.”
We get it (the y or the jet) from QED or QCD radiation.

y + missing E_ and jet + missing E_ are clean final states with well-understood backgrounds.
They are therefore promising channels in the search for new physics.

Independent verification of results from “direct searches”, sensitive to low masses
(where direct searches are blind).

Limits on o(pp — %) are converted into elastic scattering cross section o(xp — xp)
for comparison with direct searches (nuclear recoil).

Jan Stark Rabat, 18 décembre 2015 6



Recherche de matlere sombre au LHC

E = ATLAS | —e— Data 3

B _ o Y+Z(—VV) ]

g 10°=)" ,d,t,,,"ff’f”,fb o8 ey e
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Recherche de matiere sombre au LHC

'_'10-28 I I T TTTTI
N _| | I IIIIIIII | IIIIIIII __I | IIIIIIII | IIIIIII| | IIIIIII|_
g A DAMA/LIBRA, 3c [l CRESST I, 26 —- D9: ATLAS 8TeV g=47 90%Ct
= {1 CoGeNT, 99%CL [l CDMS, 1o -+ -£4- D9: ATLAS 8TeV g=1 90%CL
S ] O 20 oSS, low mass —&— D8: ATLAS 8TeV g=47 90%CH
51003 [UX201390% enontto s0%CL) - 5~ D8: ATLAS 8TeV g=1 90%CL
g - —@— D3: ATLAS 8TeV g=4r 90%CL —+ D9: ATLAS 7TeV y(xX) —
1 - o
s | -©- D5: ATLAS 8TeV g=1 90%CL 1 D8: ATLAS 7TeV y(x7) i
g D5: ATLAS 7TeV y(xX) 1 i
O T -
©10°°
<
=

—
1

N

o
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Recherche de nouvelle physique

dans le canal diphoton
NJP 15, 043007 (2013)

C T T =
e _ -
3 _ 1
This is one of the analyses which could L@ 10 I Ldt=4.91 iE
show hints of new physics very early in Run 2. 5 ) \s =7 TeV -
m 10°g E
Basic strategy: N
10 & g
- Select diph;)tﬁn events and chec;( i;the 1 —  —e-2011 data . -
spectrum of the invariant mass of the E T
diphoton system is consistent with = I;ITOtal Background E:
the SM expectation or not. 10" ;_ :'_ : Reducible Background E_
- Two key features of the event selection: - = syst & stat (total) . =
- tight photon identification 10 syst @ stat (reducible) E=
- require photons to be isolated 107 O RS, WM}y, =01, m =1.5TeV
ADD, GRW, M =25TeV . E

Significance

500 300 400 1000 2000 3000
m, [GeV]
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http://dx.doi.org/10.1088/1367-2630/15/4/043007

Publication : donnees a 8 TeV

PRD 92, 032004 (2015)

c 10 ' ' | =
s ATLAS L 3
g 10 Ldt=2031" =2
> ‘ -
w10 \s=8TeV —
10° =, Control region . T ' EE
10 - —
-&- Data =
1 — Total background =
- Reducible background -
10 syst @ stat (reducible) 5 "5
" syst ® stat (total) s
10 - RS, /M, = 0.1,m_.=15TeV -
107 - RS, /My, = 0.1,m,, =20 TeV
. -
O
C
IS
O
c
foy
(n L
200 300 400 500 1000 2000 3000
m,, [GeV]
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http://dx.doi.org/10.1103/PhysRevD.92.032004

Préeliminaire : données a 13 TeV

10% =1

———
ATLAS Preliminary

® Data

Background-only fit

Events / 40 GeV

Vs =13 TeV, 3.2 fb"
ATLAS-CONF-2015-081 :

http://cds.cern.ch/record/2114853
(15 décembre 2015) 1
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http://cds.cern.ch/record/2114853

Bob Dylan et autres

Ce résultat préliminaire a suscité pas
mal d'intérét dans la communauté de
la physique des hautes énergies,

cf. un exemple a droite.

Blagues a part, je vous demande de
garder en téte ce paragraphe de la
CONF note d'ATLAS :

The events in this region are scrutinized. No detector or reconstruction effect that could explain the larger
rate is found, nor any indication of anomalous background contamination. The kinematic properties of

these events are studied with respect to those of events populating the invariant mass regions above and
below the excess, and no significant difference is observed.

En tout cas, il y aura un travail colossal

et excitant pour arriver a une publication
basée sur les données 2015 et pour

une analyse rapide des données de 2016.

arXiv:1512.04929v1 [hep-ph

Knocking on New Physics’ door
with a Scalar Resonance

Dario Buttazzo®, Admir Greljo**, David Marzocca®

(a) Physik-Institut, Universitat Zurich, CH-8057 Ziirich, Switzerland
(b) Faculty of Science, University of Sarajevo, Zmaja od Bosne 33-35, 71000 Sarajevo,
Bosnia and Herzegovina

Abstract

We speculate about the origin of the recent excess at ~ 750 GeV in dipho-
ton resonance searches observed by the ATLAS and CMS experiments using
13 TeV data. Its interpretation as a new scalar resonance produced in gluon
fusion and decaying to photons is consistent with all relevant exclusion bounds
from the 8 TeV LHC run. We provide a simple phenomenological framework
to parametrize the properties of the new resonance and some interpretations
in various concrete setups, such as a singlet (pseudo)scalar, composite Higgs,
and the MSSM.

Contents
1 Introduction 2
2 Simplified framework 4
3 Experimental constraints 5
4 Two classes of scenarios 7
4.1 Phenomenology of the “loop-only” scenario . . . . ... ........... 7
4.2 Phenomenology of the “extra-width” scenario . .. ............. 8
5 Explicit models and insights 10
5.1 Scalar singlet with loop decaysonly . . . . . .. ... ... ......... 10
b:2: ‘Pseudo-scalarisinglet: . o o v oo 055 mess wmi s s 6w s o SE E e S 11
5.3 Composite resonance . . . . . . . . . oo it i e e e e e e 12
54 A second doublet: the MSSM and beyond . . . .. .. ... ... ..... 13
6 Conclusion 13
References 15
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Conclusions

C'est le Run-2 : quel saut en énergie (Vs =8 TeV — Vs =13 TeV) !
Le moment privilégié pour la nouvelle physique de se montrer si jamais il y en a.

Les activités du groupe de Grenoble sont concentrés sur la nouvelle physique
dite « exotique » (c-a-d : non-SUSY).

Longue tradition de travail sur la calorimétrie dans a Grenoble.
(— plus réecemment : transition vers le fracking, cf. présentation de Johann)
Recherches de nouvelle physique dans des états finals avec objets calorimétriques.
Deux exemples avec implication grenobloise de longue date :

- photon + énergie transverse manquante (— matiere sombre)

- diphotons (dimensions supplémentaires, ...)

Debut de collaboration dans le cadre du GDRI.
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Different approaches to DM search

Ordinary matter

LHC

/.\ Direct detection
-

Indirect detection
Astrophysics

Jan Stark Rabat, 18 décembre 2015
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Direct / indirect searches for WIMPs

WIMPs trapped inside galaxies/massive objects

- local density of DM near solar system:
~0.2-0.8 GeV/cm®

- average velocity w.r.t. Earth:

Experimental constraints on WIMP-nucleon

scattering cross-section as a function of WIMP mass

(summary plot from PDG):

- - e
~ 270 km/s
- DAMA Excluded
S C (no channeling)
—_ 10“40 “ i Ji
. Q N
Direct search: - - d "
Q CoGeNT DAMA
s \.CDMS (no channeling) s
2 ENON10LE =
s ©
Ordinary matter £ S
’ ’ @) : Q
Elastic scattering WIMP-nucleon g 10% | CDMS+EDELWEISS 19
in Earth-based detectors m'; """" EDELWEISS h=
(measurement of nuclear recoil) S / SUSY 68%, 95% £
: S o, , N
Indirect search: 3 ';
(TJ\ ¢ 1’1: :’I ',’ : . /) " :’,/ ’: ’1 : I;:;‘ > {/
2 1074 XENON100 < oYy _
o
O SUSY 68%, 95%, \o
2 a8 o + LEP-CMSSM constraints Not e)«ﬂ ded
WIMP annihilation products (e.g. photons) : 1'0 ) 1(')0 e 1000
coming to us from celestial objects or from WIMP Mass [GeV/ 2]
the galactic halo M e
Rabat, 18 décembre 2015 16
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Effective operators

Parameterise interactions of WIMPs and quarks/gluons

using effective operators:
- WIMPs assumed to be Dirac fermions.
- Interaction treated as point interaction

with interaction strength M,

i.e. all new particles mediating the interaction
are too heavy to be produced directly.

Follow the naming scheme of
Goodman et al., Phys. Rev. D82, 116010 (2010).

Implemented in the MADGRAPHS event generator.

spin independent interaction

spin dependent interaction -

q
v
X
q X
Name | Initial state Type Operator

& DI qq scalar A5 XXTq
v D5 qq vector MLE)_C-Y“XQ’Y#Q
y D8 qq axial-vector MLE)Z’}/“’}/‘E’X(T}/#'PQ
» D9 qq tensor MLE)EU““anWq
1\[)11 g9 scalar ﬁ)?xas(Gﬁy)z

Jan Stark Rabat, 18 décembre 2015
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