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the LHC
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Measurement
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Measurements
of hadron
production in
pPb collisions
in CMS

Potential of
LHC to
determine the
D...

Recent
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Properties of
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Tools for
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Measurements
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• En physique des particules, conférences 
d’hiver (Moriond) et d’été (ICHEP, 
Lepton-Photon, EPS-HEP) 

• EPS-HEP: conférence européenne, 
organisée sous l’égide de la Société 
Européenne de Physique, tous les deux 
ans dans un endroit différent

• 1 semaine, à Stockholm

• Plus de 750 participants littéralement 
du monde entier

• 3 premiers jours de sessions parallèles 
(6 sessions, 15 à 20 minutes sur un 
sujet spécifique)
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Bengt LUND-JENSEN et al.Welcome from the Local Organizers

09:00 - 09:04KTH and Stockholm University Campus

Anders KARLHEDEWelcome from the Dean of Faculty of Science, Stockholm University

09:04 - 09:12KTH and Stockholm University Campus

Leif KARIWelcome from the Dean of the School of Engineering Sciences, KTH

09:12 - 09:20KTH and Stockholm University Campus

EPS HEPP prize award and talks by recipients

09:20 - 09:55KTH and Stockholm University Campus

Cocconi prize award and talks by recipients

09:55 - 10:20KTH and Stockholm University Campus

Gribov, Young Physicist and Outreach prize award

10:20 - 10:30KTH and Stockholm University Campus

Peter HIGGSAncestry of a New Boson

10:30 - 11:00KTH and Stockholm University Campus

Coffee break

11:00 - 11:30KTH and Stockholm University Campus

Greg LANDSBERGHiggs bosons in the Standard Model and beyond

11:30 - 12:00KTH and Stockholm University Campus

Fabio CERUTTIProperties of the new boson

12:00 - 12:30KTH and Stockholm University Campus

Christophe GROJEANThe scalar sector of the SM and beyond

12:30 - 13:00KTH and Stockholm University Campus

Lunch

• Un dimanche pour digérer les 
résultats, travailler, faire du tourisme...

• 3 jours de sessions plénières (exposés 
plus longs sur un domaine)

• Une intervention de Peter Higgs et une 
conclusion de Gerardus ‘t Hooft

• Des prix - en particulier l’EPS Prize, 
précurseur du Prix Nobel, cette 
année : ATLAS and CMS collaborations for 
the discovery of a new heavy particle with 
the properties of the long-sought Higgs 
boson

• Autant pour les présentations, 
calibrées, que pour les discussions, 
informelles, aux pauses (rumeurs...)

• Autres occasions de rencontres: 
réunions satellites (Beyond the LHC 
juste après), conférences thématiques, 
workshops spécialisés, séminaires....

Thursday, July 25, 13



Un boson 
nommé Higgs
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Successful Pileup Mitigation
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LHC already reached nominal
pileup rate; experiments 

cope well!
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High-Quality, Plentiful Data

✦ Excellent machine and detector performance resulted in large 
amount of data with very high quality: ~95% of delivered data are 
recorded, and ~90% of those are certified and used in physics 
publications!
๏ We publish based on ~85% of all the bunch collisions that took place 

at the LHC!

5

• Beaucoup de collisions...

• Trop en fait 
(pile-up) !
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Happy Birthday, Mr. Higgs
✦ It’s been a great year for the Higgses (both Peter 

and the Boson)!
✦ Long journey in one year:

๏ Established the existence of new particle beyond any 
doubts (LHC+Tevatron)

๏ Mass measured to 0.50% precision, i.e. better than 
top (or any other) quark mass! (ATLAS+CMS)

๏ It is a 0++ boson responsible for EWSB, as evident 
from its relative couplings to W/Z vs. γ (ATLAS+CMS)

๏ Established couplings to the third-generation
fermions (CMS+Tevatron)

๏ Nearly excluded negative couplings to fermions 
(CMS)

๏ Big 5 → big 6: thanks to ttH (bb, γγ, and ττ)
✦ See more in Fabio Cerutti’s talk (next)

11
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Higgs Boson Production

✦ The following four mechanisms can be tested at the LHC and 
the Tevatron:
๏ (a) gluon fusion (19 pb @ 8 TeV)
๏ (b) VBF (WW or ZZ fusion)
๏ (c) Associated production (VH)
๏ (d) ttH production

13
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Higgs Boson Decays
✦ The Nature has 

chosen the 
Higgs boson 
mass (~125.5 
GeV) maximally 
rich, but quite 
challenging 
experimentally

✦ The “big five”:
๏ H(bb) - 57%
๏ H(WW) - 22%
๏ H(ττ) - 6.2%
๏ H(ZZ) - 2.8%
๏ H(γγ) - 0.23%

14
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• De nombreuses manières 
de le produire et de le 
laisser se désintégrer
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• Masse : toutes les 
déterminations ne sont pas en 
parfait accord

• Tester spin et parité : 0-,1+,
1-,2+ alternatives défavorisées 
par rapport au Modèle 
Standard (0+)
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•  Combined(µ(!(Best(accuracy(but(no(strong(physics(mo&va&on:(

–  ATLAS((γγ,(WW*(and(ZZ*)((((((((((((((((((µ =((1.33(±(0.20)(((1.23±0.18(including(bb(and(ττ)(
–  CMS(((γγ, ττ,(bb,(WW*(and(ZZ*)(((((((µ =((0.80(±(0.14)(
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Single channel

-1 10 fb) intTevatron Run II, L
mH=125 GeV/c2

• Nouveaux résultats pour H->b bbar, 
H-> tau tau (MS OK)

• Cherche H->Zgamma, H->mu mu, 
couplage ttH 
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•  All(experiments(compaCble(with(SM(predicCons:(accuracy(~10320%(
–  ATLAS: κv(([1.05,1.22](at(68%(CL((((3((((κF(([0.76,1.18](at(68%(CL(

–  CMS:((( κv(([0.74,1.06](at(95%(CL((((3((((κF(([0.61,1.33](at(95%(CL(
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• Higgs comme test MS: 
Couplage du Higgs aux 
particules du Modèle Standard

• Br(BSM) : désintégrations du 
Higgs dans quelque chose 
autre que MS (non détecté)
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Higgs, mais aussi
top, W, Z... et les autres
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• On affine notre connaissance 
des propriétés des particules 
déjà connues (W, Z...)
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Top Quark Production

• Top pair production (through strong interaction):

∼ 85% at LHC ∼ 85% at Tevatron
∼ 7 pb @ Tevatron, ∼ 170 pb @ LHC 7TeV.

• Single top production (through electroweak interaction):

t-channel

2 pb @ Tevatron

65 pb @ LHC 7TeV

s-channel

1 pb @ Tevatron

5 pb @ LHC 7TeV

Wt-channel

0.3 pb @ Tevatron

16 pb @ LHC 7TeV

SARA STRANDBERG, STOCKHOLM UNIVERSITY P. 3 EPSHEP 2013, STOCKHOLM, JULY 22, 2013
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Top Quark Mass

• Tevatron still provides the best mass
measurement, with an uncertainty of 0.5%.

• Best single LHC measurement (from CMS)
reaches 0.6%.

• Updated LHC mass combination in progress.

→ Harmonise systematic treatment e.g.

generator modeling.

 [GeV]topm
155 160 165 170 175 180 185 190 1951

7

syst.⊕JSF 0.71± stat. 0.51±173.20 
Tevatron Average May 2013

syst.⊕JSF 0.91± stat. 0.38±173.36 
CMS Average September 2012

-1 = 4.7 fbintCONF-2013-077,   L

*lbATLAS 2011,  dilepton, m
 1.50± 0.64                        ±173.09 

-1 = 4.7 fbintCONF-2013-046,   L

ATLAS 2011,  l+jets*  1.35± 0.67 ± 0.27 ± 0.23 ±172.31 

-1 = 2.05 fbintCONF-2012-030,   L

ATLAS 2011, all jets*   3.8±  2.1                          ±174.9   

 (*Preliminary)-1 - 4.7 fb-1 = 2.05 fbint summary - July 2013,  LtopATLAS m

 syst. ±    bJSF ± JSF      ±    stat.  ± 

stat. uncertainty
 bJSF uncertainty⊕ JSF ⊕stat. 

total uncertainty

ATLAS Preliminary

arXiv:1305.3929 [hep-ex]

SARA STRANDBERG, STOCKHOLM UNIVERSITY P. 15 EPSHEP 2013, STOCKHOLM, JULY 22, 2013

W Helicity Fractions in Top Quark Decays

• Probes (V -A) structure of Wtb vertex.

+f
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

0f

0.5

0.6

0.7

0.8

0.9

1

Combined result
SM value
CDF l+jets
CDF dilepton
DØ

CDF + DØ combination
L = 2.7 - 5.4 fb-1

68% and 95%
C.L. contours

• Extract helicity fractions from:
- θ! in tt̄ events (unpolarized).
- e.g. θN in single top events
(polarized).

• Not yet in LHC combination:
- latest single lepton and
dilepton measurements
(CMS-TOP-11-020, CMS-PAS-TOP-12-015).

W boson helicity fractions
-1 -0.5 0 0.5 1

ATLAS and CMS preliminary
-1 - 2.2 fb-1=35 pbint = 7 TeV, Ls RF LF 0F

ATLAS 2011 (dilepton)
CMS 2011 (single muon)

ATLAS 2010 (single lepton)
ATLAS 2011 (single lepton)

LHC combination

NNLO QCD
Combination

)0/FL/FRData (F

Phys. Rev. D 85, 071106 (2012)

ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025

= W momentum in top restframe

= " m
om

ent
um

in W

rest
fram

e

= #st × #q, with #st = top polarization direction

- first measurement in single top
t-channel (CMS-PAS-TOP-12-020).

SARA STRANDBERG, STOCKHOLM UNIVERSITY P. 23 EPSHEP 2013, STOCKHOLM, JULY 22, 2013

• On teste beaucoup le 
top actuellement (déjà 
à Fermilab, mais plus 
encore au LHC)

• Masses, couplage au W
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Top Forward-Backward and Charge Asymmetries

• New physics in top sector can alter angular distributions.

• Study forward-backward and charge asymmetries.

Att̄
FB =

N(∆y > 0)−N(∆y < 0)

N(∆y > 0) +N(∆y < 0)

Att̄
C =

N(∆|y| > 0)−N(∆|y| < 0)

N(∆|y| > 0) +N(∆|y| < 0)

 [GeV]ttm
0 100 200 300 400 500 600 700 800 900

CA

-0.1

-0.05

0

0.05

0.1

0.15

0.2 Unfolded
SM 
Axigluon m=300 GeV 
Axigluon m=7000 GeV 

ATLAS  Preliminary
= 7 TeVs

-1 L dt =  4.7  fb∫

Phys. Rev. D 87 092002 (2013) Phys. Lett. B 717, 129 (2012) ATLAS-CONF-2013-078

with ∆y = yt − yt̄

with ∆|y| = |yt|− |yt̄|

• Tevatron Att̄
FB measurements in tension with SM at ∼ 2.5σ.

• LHC Att̄
C measurements consistent with SM.

SARA STRANDBERG, STOCKHOLM UNIVERSITY P. 19 EPSHEP 2013, STOCKHOLM, JULY 22, 2013

• La production de top-
antitop: OK au LHC, mais 
pas au Tevatron ???
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Konstantinos KousourisExperimental QCD 4

The complexity of QCD

     X. Janssen - 08/22/2011
QCD@LHC 2011 – Soft QCD Results from CMS

3/37

Introduction

 

The majority of the pp collisions are soft
   → no hard parton scattering → no “perturbative” predictions

   → need to model them phenomenologically

→ Use Monte-Carlo (MC) description to correct data:

 PS, UE and hadronization models 
   tuned on previous (low energy) data
 Different models available diverging

   at high energy prior to LHC

→ Early LHC data give us a unique 
     chance to fill gaps in our 
     knowledge on soft QCD

→ Reference for high energy pp    
     collisions and heavy ions run 

‣ QCD events: immensely complicated
- theoretical predictions very hard
- experimental challenges

‣ basic elements of a QCD process
- structure of the proton
➡ encapsulated into the universal PDFs

- hard scatter
➡ evaluated with perturbation theory 

- parton shower & hadronization
- multiple parton scattering & underlying 
event activity
➡ approximated by Monte-Carlo 
programs with few tunable parameters

‣ practical QCD: the elements above can be 
factorized and combined at the end

- reasonable approximation for hard 
enough processes• QCD : un défi au LHC
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Konstantinos KousourisExperimental QCD

5 · 100 101 2 · 101 5 · 101 102 2 · 102 5 · 102 103 2 · 103

Q [GeV]

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

↵
s
(Q

)

CMS preliminary L = 5.0 fb�1 p
s = 7 TeV

↵s(MZ) = 0.1184 ± 0.0007 (world avg.)

↵s(MZ) = 0.1160+0.0072
�0.0031 (3-jet mass)

JADE 4-jet rate
LEP event shapes
DELPHI event shapes
ZEUS inc. jets
H1 DIS
D0 inc. jets
D0 angular cor.

CMS R32 ratio
CMS tt̄ prod.
CMS 3-jet mass

Q [GeV]
10 210 310

(Q
)

S
_

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24
3/2NATLAS 2010 

 inclusive jetOD
 R6 ROD

H1 inclusive jet
ZEUS inclusive jet
PDG 2012 world average

 0.0007±)= 0.1184 
Z

(Ms_

ATLAS Preliminary

27

Measurements of aS

‣ measurements compatible with the world average 
‣ precision dominated by theoretical uncertainty 
(scale choice)

- will improve with pQCD @ NNLO
- enough LHC data to exploit phase-space regions 
with small scale uncertainty (hard 3rd jet)

‣ measurements at different hard scales up to 1.5 
TeV confirm the running of the coupling constant

)
Z

(MSα
0.09 0.1 0.11 0.12 0.13

World average
PRD 86 010001 (2012)

CMS 3-jet mass
PAS SMP-12-027 (2013)

 xsectiontCMS t
PAS TOP-12-022 (2013)

32CMS R
arXiv:1304.7498 (2013)

32ATLAS R
ATLAS-CONF-2013-041 (2013)

Malaescu & Staronoitov (ATLAS incl. jets)
EPJ C72 2041 (2012)

RΔ R∅D
Phys. Lett. B718 56 (2012)

 incl. jets∅D
PRD 80 111107 (2009)

H1+ZEUS (NC, CC, jets)
H1-prelim-11-034, ZEUS-Prel-11-001

2H1 multijets at low Q
EPJ C67 1 (2010)

2H1 norm. multijets at high Q
H1-prelim-12-031

*pγZEUS incl. jets in 
Nucl.Phys. B864 1 (2012)

• Le LHC commence à mesurer la constante de 
couplage forte !
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Allo ? La Nouvelle 
Physique ?
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A “typical” SUSY Spectrum"
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H0 H±

q̃R
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ñt

t̃2
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c̃0
1

c̃0
2 c̃±

1

c̃0
3

c̃0
4 c̃±

2

b̃2

t̃2

˜̀R

Use the famous SPS1a benchmark point for illustration!
[m0=100, m12=250, tanβ=10, A0=-100, μ>0] !

Higgs 
sector 

sleptons 

charginos/ 
neutralinos 

gluino/ 
squarks 

LSP 

Advantage:!
!   Only four free 

parameters (when 
sign(μ) fixed) !

!   One of the most 
studied incarnations 
of the MSSM!

!
Disadvantage:!
!  Not generally 

representative of 
SUSY (e.g. fixed 
mass relation  
between Mgluion and 
MLSP) !

m0 ,m1/2 , tanβ,A0 , sign(µ)
CMSSM!
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3 3 

Extension of the Standard Model: Introduce a new symmetry 
Spin ½ matter particles (fermions)  ⇔  Spin 1 force carriers (bosons) 
Standard Model particles SUSY particles 

New Quantum number: R-parity:  =  +1  SM particles 
    - 1  SUSY particles  R-parity conservation:  

•  SUSY particles are produced in pairs 
•  The lightest SUSY particle (LSP) is stable  

Supersymmetry"

• Supersymétrie : 
toujours la plus 
étudiée des 
extensions du 
Modèle Standard
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CMSSM: Evolution with time"

2012!
post-LHC-2011+2012!

2012!
post-LHC Higgs discovery!

2008"
Pre-LHC"

2011"
post-LHC"
+Xenon100"
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Dedicated searches for direct stop-pair production"
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• Avec de 
nombreux 
canaux 
possibles, mais 
non observés, 
contraignant les 
paramètres
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Focus on 8 TeV results!

24 July 2013!
2!

EPS HEP 2013, Stockholm -- Freya Blekman!

• Il n’y pas que la 
supersymétrie, 
et beaucoup 
d’autres signaux 
de nouvelle 
physique sont 
testés...

• En espérant 
voir de 
nouvelles 
particules après 
l’augmentation 
en énergie du 
LHC...
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Sur la piste de la 
Nouvelle Physique
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Klaus Kirch 22EPS HEP, July 24, 2013

Only known LFV so far:
neutrino mixing
Suppressed by
(δmν/mW)4 and thus
smaller than 10-50

 SM not observable
Plenty of room for 
new physics

Reminder: cLFV is small in SM

γ

W-

µ-
νµ νe

e-

Expect from SM:

BR(µ-eγ) < 10-50

Experimentally so far:
< 5.7 x 10-13

The MEG experiment at PSI (µµµµ->e γγγγ decay search at rest)

New results !

End of data taking: September this year

2009-2011 data

Courtesy: A. Baldini

< 5.7 x 10-13 (90% CL)

• A la recherche 
de  processus 
très supprimés 
par le Modèle 
Standard....

• ... qui seraient 
augmentés par 
de la Nouvelle 
Physique

• Beaucoup d’activité 
sur les processus 
ultrarares changeant 
la saveur leptonique, 
et sur les moments 
électriques dipolaires 
(électron, neutron, 
atomes...) 
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Search for New Physics in the Flavour Sector

New Physics are corrections to Standard Model processes:

Standard Model New Physics

ABSM = A0

(

CSM

m2
W

+ CNP

λ2
NP

)

What is the scale of λNP ? How much different are CNP and CSM?
Stephanie Hansmann-Menzemer 2

• Investigation 
également possible 
pour les processus 
très rares faisant 
intervenir les 
quarks (en 
particulier quark b 
à LHCb)

• Donne des 
indications 
indirectes, 
complémentaires 
des recherches 
directes d’ATLAS 
ou CMS
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Particularly sensitive to FCNC scalar currents and FCNC Z 
penguins

Bs,d → μ+μ-

17

Clean probe of the Yukawa interaction  (⇒ Higgs sector) 
beyond tree level

Latest results beginning 
to test possible         
enhancement 

Nontrivial test of MFV.
see talk by Kohda

Hurth et al., 0807.5039

MFV

Figure 2: Correlation between the branching ratios of Bs ! µ

+
µ

� and Bd ! µ

+
µ

�

in MFV, the SM4 and four SUSY flavour models. The gray area is ruled out experi-
mentally. The SM point is marked by a star.

3.2 Bs ! µ+µ� vs. Bd ! µ+µ�

The correlation between the decays Bs ! µ

+
µ

� and Bd ! µ

+
µ

� is an example of a
“vertical” correlation mentioned in section 2. Beyond the SM, their branching ratios
can be written as

BR(Bq ! µ

+
µ

�) / |S|2 �1� 4x2
µ

�
+ |P |2, (5)

S = C

bq
S � C

0bq
S , P = C

bq
P � C

0bq
P + 2xµ(C

bq
10 � C

0bq
10 ) , xµ = mµ/mBs . (6)

Order-of-magnitude enhancements of these branching ratios are only possible in the
presence of sizable contributions from scalar or pseudoscalar operators. In two-Higgs-
doublet models, the contribution to C

bq
S from neutral Higgs exchange scales as tan �2,

where tan � is the ratio of the two Higgs VEVs. In the MSSM, the non-holomorphic
corrections to the Yukawa couplings even enhance this contribution to tan�3.

Figure 2 shows the correlation between BR(Bs ! µ

+
µ

�) and BR(Bd ! µ

+
µ

�)
in MFV, the SM4 and four SUSY flavour models¶ analyzed in detail in [10]. The
MFV line, shown in orange, is obtained from the flavour independence of the Wil-
son coe�cients, cf. eq. (3). The largest e↵ects are obtained in the SUSY flavour
models due to the above-mentioned Higgs-mediated contributions. While in some

¶The acronyms stand for the models by Agashe and Carone (AC, [13]), Ross, Velasco-Sevilla
and Vives (RVV2, [12]), Antusch, King and Malinsky (AKM, [11]) and a model with left-handed
currents only (LL, [14]).

5

CMS 68%, 95% C.L.

update of Straub, 1012.3893
using CMS, 1307.5025

Bd/Bs

Particularly sensitive to FCNC scalar currents and FCNC Z 
penguins

Bs,d → μ+μ-

Example: MFV MSSM with large tanβ12

The SM loop function Y
0

depends on the top mass and
is approximately Y

0

' 0.96. Note that the MSSM con-
tributions to Bs ! µ+µ� do not decouple with the scale
of the SUSY particles, but with the masses of the heavy
scalar and pseudoscalar Higgs bosons M2

H ' M2

A. Due to
the strong enhancement by tan3 �, the large tan� regime
of the MSSM is highly constrained by the current exper-
imental results on BR(Bs ! µ+µ�). We remark, how-
ever, that ✏

FC

in the numerator of (45) is a sum of several
terms (see (23)) each of which depend strongly on several
MSSM parameters. In addition, cancellations among the
di↵erent terms can occur in certain regions of parameter
space, rendering the Bs ! µ+µ� constraint very model
dependent, even in the restrictive framework of MFV.
Additional contributions to Bs ! µ+µ� can arise from
charged Higgs loops [187]. They interfere destructively
with the SM contribution and scale as (tan�)2/M2

H± .
Typically, their e↵ect is considerably smaller compared
to the SUSY contribution in (45).

We stress that there is a simple mathematical lower
bound of RBsµµ = 1/2 in (44) that is saturated for
A = 1/2. In this case, the SUSY contribution partially
cancels the SM amplitude, but simultaneously generates
a non-interfering piece that cannot be canceled. This
lower limit provides a significant threshold for experi-
ments searching for BR(Bs ! µ+µ�): not only is the
SM branching fraction a meaningful value to test experi-
mentally, but the potential observation of the branching
fraction below one half of the SM value would strongly
indicate NP and imply departure from the MSSM with
MFV. Note that the current 2� lower bound from LHCb
on the branching ratio is below 1/2 of the SM value and
therefore does not lead to constraints in our framework,
yet.

In Fig. 5, we show the constraints from Bs ! µ+µ� in
the MA–tan� plane. The red solid, dotted and dashed
contours correspond to scenarios (a), (b), and (c) of
Tab. I. The dash-dotted contour corresponds to scenario
(d), with all MSSM parameters as for the solid con-
tour, but with a negative sign for the trilinear coupling.
For comparison, the constraints from direct searches are
again shown in gray. As expected, we observe a very
strong dependence of the Bs ! µ+µ� bounds on the
choices of the remaining MSSM parameters, particularly
the sign of µAt. Note that in the considered scenarios,
we assume degenerate squarks such that the only term
entering ✏

FC

is from the irreducible Higgsino loop contri-
bution, ✏

˜H
b , whose sign is dictated by µAt. For positive

(negative) µAt the NP contribution interferes destruc-
tively (constructively) with the SM amplitude. Since the
lower bound on BR(Bs ! µ+µ�) from LHCb is still be-
low half of the SM value, destructively interfering NP is
much less constrained than constructively interfering NP.

The plots of Fig. 6 show in red the constraints from
Bs ! µ+µ� in the plane of the third generation squark
masses and the Higgsino mass parameter µ. The gray
horizontal band corresponds to the constraint from di-
rect searches of charginos at LEP that exclude |µ| .

HaLHbL HdL
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FIG. 5. Constraints in the MA–tan� plane from the Bs !
µ+µ� decay. The red solid, dotted, dashed and dash-dotted
contours correspond to scenarios (a), (b), (c) and (d), as de-
scribed in the text. The gray region is excluded by direct
searches of MSSM Higgs bosons in the H/A ! ⌧+⌧� chan-
nel.

100 GeV [184, 185]. In these plots, we fixMA = 800 GeV,
tan� = 45 (fully compatible with the B ! ⌧⌫ constraint
and not yet constrained by direct searches), and gaugino
masses with 6M

1

= 3M
2

= M
3

= 1.5 TeV. As in all the
other plots, we vary the trilinear couplings At = Ab = A⌧

throughout the plot such that the lightest Higgs mass is
Mh = 125 GeV. The values for At are indicated in the
plots by the vertical dotted contours. The two plots cor-
respond to positive and negative values of the A-terms.
In the gray region in the lower left corners of the plots, the
sbottom loop corrections to the lightest Higgs mass be-
come so large that the lightest Higgs mass is always below
Mh < 125 GeV for any value of At, taking into account
a 3 GeV theory uncertainty. We checked that varying
the light Higgs mass between 122 GeV < Mh < 128 GeV
can change the values of At by around 25% in each di-
rection and therefore can a↵ect the constraints derived
from Bs ! µ+µ� at a quantitative level. However, the
qualitative picture of the constraints and the interplay
of the SUSY contributions to Bs ! µ+µ�, as discussed
below, are una↵ected by this variation.

The solid contours are obtained under the assumption
that the masses of the first two generation squarks are
equal to the third generation, while for the dashed and
dotted contours we assume the first two generations to
be heavier by 50%. For the dashed contours, we as-
sume the splitting for the left-handed squarks to be fully
aligned in the up-sector, such that gaugino-squark loops
also contribute to ✏

FC

with ⇣ = 1 (see (23) and (25)).
We set ⇣ = 0.5 for the dotted contours, such that only

/ y2t
16⇡2

µAt

m2
t̃

tan�3

m2
A

VtbV
⇤
tsBs H̃ t̃

6

tion and decay rates for a SM-like Higgs in the MSSM
can be found in [39, 58]. Possible correlations with flavor
observables have very recently been studied in [75].

While it is very interesting to investigate deviations
from SM expectations in Higgs data that would point to-
wards new SUSY particles within the reach of the LHC,
we take a di↵erent approach in this work by assuming
a Higgs boson with approximately SM-like properties.
We concentrate on possible signatures of new physics
that may appear in B physics observables, direct non-SM
Higgs searches and dark matter direct detection searches
within the MSSM with MFV, while fulfilling the require-
ment of a 125 GeV SM-like Higgs. In this way, we show
indirect e↵ects from SUSY particles in flavor and Higgs
physics in regions of parameter space beyond the present
reach of the LHC.

B. Searches for Heavy Scalars and Pseudoscalars

Searches for the heavy neutral Higgs bosons of the
MSSM have been performed in the H/A ! bb and
H/A ! ⌧+⌧� channels both at the Tevatron [111–114]
and the LHC [77–79, 115, 116].

Searches also exist for light charged Higgs bosons in
top decays at both the Tevatron [117, 118] and the
LHC [119–121]. For the MSSM scenarios considered in
this work, however, the corresponding bounds are not
competitive with the bounds from searches of the neu-
tral Higgs bosons.

In the large tan� regime, the cross sections for the
heavy scalar and pseudoscalar Higgses rescale according
to

�bb!H ' �bb!A ' �SM

bb!h ⇥ t2�
(1 + ✏bt�)2

, (27)
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,(28)

evaluated at a common mass for all Higgs bosons. For
large tan�, the �bb!H/A production cross sections can
dominate over gluon fusion. We use HIGLU [122] and
bbh@nnlo [123] to compute the respective SM cross sec-
tions �i, SM

gg!h and �SM

bb!h at the LHC.
The most important decay modes of the heavy Higgs

bosons are H,A ! bb and H,A ! ⌧+⌧�. The corre-
sponding partial widths can be written as

�Hbb ' �Abb ' �SM

hbb ⇥
t2�

(1 + ✏bt�)2
, (29)

�H⌧⌧ ' �A⌧⌧ ' �SM
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, (30)

where �SM

hff are the corresponding decay widths of a Higgs
boson with the same mass as H and A and with SM-like

tt

bbHbL

bbHaL

bbHcL

200 400 600 800 1000 1200

10

20

30

40

50

60

MA HGeVL

ta
nb

FIG. 1. Constraints in the MA–tan� plane from direct
searches of the neutral MSSM Higgs bosons at CMS and AT-
LAS. The solid, dotted and dashed lines correspond to sce-
narios (a), (b), and (c) as defined in Tab. I. The blue (green)
regions are excluded by searches in the ⌧+⌧� (bb) channel.

Scenario (a) (b) (c) (d) (e)

µ [TeV] 1 4 -1.5 1 -1.5

sign(At) + + + - -

TABLE I. Illustrative MSSM scenarios discussed in the text.
All sfermion masses are set to a common value 2 TeV, the
gaugino masses to 6M

1

= 3M
2

= M
3

= 1.5 TeV. The trilinear
couplings At = Ab = A⌧ are set such that the lightest Higgs
mass is Mh = 125 GeV.

couplings to bb and ⌧+⌧�. In our numerical analysis, we
compute �SM

hff using HDECAY [124].
Note that the main dependence of the production cross

sections and branching ratios is on tan� and the heavy
Higgs masses. Dependence on other MSSM parameters
enters only at the loop level through the tan� resumma-
tion factors ✏i.
In our framework, the most important constraints

come from the CMS bounds in the ⌧+⌧� channel [77],
which are available up to masses of MA = 800 GeV
and the bb̄ channel [78, 79] which cover heavy Higgs
masses up to MA < 350 GeV. Our estimates for the
excluded regions from the H/A ! bb̄ searches are shown
in Fig. 1 in yellow-green and labeled with bb. We set
all sfermion masses to 2 TeV and the gaugino masses to
6M

1

= 3M
2

= M
3

= 1.5 TeV. The solid, dotted and
dashed contours correspond to a Higgsino mass parame-
ter µ = 1 TeV (scenario a), 4 TeV (scenario b) and �1.5
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we take a di↵erent approach in this work by assuming
a Higgs boson with approximately SM-like properties.
We concentrate on possible signatures of new physics
that may appear in B physics observables, direct non-SM
Higgs searches and dark matter direct detection searches
within the MSSM with MFV, while fulfilling the require-
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and the LHC [77–79, 115, 116].

Searches also exist for light charged Higgs bosons in
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LHC [119–121]. For the MSSM scenarios considered in
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competitive with the bounds from searches of the neu-
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tions �i, SM

gg!h and �SM

bb!h at the LHC.
The most important decay modes of the heavy Higgs

bosons are H,A ! bb and H,A ! ⌧+⌧�. The corre-
sponding partial widths can be written as

�Hbb ' �Abb ' �SM

hbb ⇥
t2�

(1 + ✏bt�)2
, (29)

�H⌧⌧ ' �A⌧⌧ ' �SM

h⌧⌧ ⇥ t2�
(1 + ✏⌧ t�)2

, (30)

where �SM

hff are the corresponding decay widths of a Higgs
boson with the same mass as H and A and with SM-like

tt

bbHbL

bbHaL

bbHcL

200 400 600 800 1000 1200

10

20

30

40

50

60

MA HGeVL

ta
nb

FIG. 1. Constraints in the MA–tan� plane from direct
searches of the neutral MSSM Higgs bosons at CMS and AT-
LAS. The solid, dotted and dashed lines correspond to sce-
narios (a), (b), and (c) as defined in Tab. I. The blue (green)
regions are excluded by searches in the ⌧+⌧� (bb) channel.

Scenario (a) (b) (c) (d) (e)

µ [TeV] 1 4 -1.5 1 -1.5

sign(At) + + + - -

TABLE I. Illustrative MSSM scenarios discussed in the text.
All sfermion masses are set to a common value 2 TeV, the
gaugino masses to 6M

1

= 3M
2

= M
3

= 1.5 TeV. The trilinear
couplings At = Ab = A⌧ are set such that the lightest Higgs
mass is Mh = 125 GeV.

couplings to bb and ⌧+⌧�. In our numerical analysis, we
compute �SM

hff using HDECAY [124].
Note that the main dependence of the production cross

sections and branching ratios is on tan� and the heavy
Higgs masses. Dependence on other MSSM parameters
enters only at the loop level through the tan� resumma-
tion factors ✏i.
In our framework, the most important constraints

come from the CMS bounds in the ⌧+⌧� channel [77],
which are available up to masses of MA = 800 GeV
and the bb̄ channel [78, 79] which cover heavy Higgs
masses up to MA < 350 GeV. Our estimates for the
excluded regions from the H/A ! bb̄ searches are shown
in Fig. 1 in yellow-green and labeled with bb. We set
all sfermion masses to 2 TeV and the gaugino masses to
6M

1

= 3M
2

= M
3

= 1.5 TeV. The solid, dotted and
dashed contours correspond to a Higgsino mass parame-
ter µ = 1 TeV (scenario a), 4 TeV (scenario b) and �1.5

mq̃ = 2TeV

At fixed by mh

12

The SM loop function Y
0

depends on the top mass and
is approximately Y

0

' 0.96. Note that the MSSM con-
tributions to Bs ! µ+µ� do not decouple with the scale
of the SUSY particles, but with the masses of the heavy
scalar and pseudoscalar Higgs bosons M2

H ' M2

A. Due to
the strong enhancement by tan3 �, the large tan� regime
of the MSSM is highly constrained by the current exper-
imental results on BR(Bs ! µ+µ�). We remark, how-
ever, that ✏

FC

in the numerator of (45) is a sum of several
terms (see (23)) each of which depend strongly on several
MSSM parameters. In addition, cancellations among the
di↵erent terms can occur in certain regions of parameter
space, rendering the Bs ! µ+µ� constraint very model
dependent, even in the restrictive framework of MFV.
Additional contributions to Bs ! µ+µ� can arise from
charged Higgs loops [187]. They interfere destructively
with the SM contribution and scale as (tan�)2/M2

H± .
Typically, their e↵ect is considerably smaller compared
to the SUSY contribution in (45).

We stress that there is a simple mathematical lower
bound of RBsµµ = 1/2 in (44) that is saturated for
A = 1/2. In this case, the SUSY contribution partially
cancels the SM amplitude, but simultaneously generates
a non-interfering piece that cannot be canceled. This
lower limit provides a significant threshold for experi-
ments searching for BR(Bs ! µ+µ�): not only is the
SM branching fraction a meaningful value to test experi-
mentally, but the potential observation of the branching
fraction below one half of the SM value would strongly
indicate NP and imply departure from the MSSM with
MFV. Note that the current 2� lower bound from LHCb
on the branching ratio is below 1/2 of the SM value and
therefore does not lead to constraints in our framework,
yet.

In Fig. 5, we show the constraints from Bs ! µ+µ� in
the MA–tan� plane. The red solid, dotted and dashed
contours correspond to scenarios (a), (b), and (c) of
Tab. I. The dash-dotted contour corresponds to scenario
(d), with all MSSM parameters as for the solid con-
tour, but with a negative sign for the trilinear coupling.
For comparison, the constraints from direct searches are
again shown in gray. As expected, we observe a very
strong dependence of the Bs ! µ+µ� bounds on the
choices of the remaining MSSM parameters, particularly
the sign of µAt. Note that in the considered scenarios,
we assume degenerate squarks such that the only term
entering ✏

FC

is from the irreducible Higgsino loop contri-
bution, ✏

˜H
b , whose sign is dictated by µAt. For positive

(negative) µAt the NP contribution interferes destruc-
tively (constructively) with the SM amplitude. Since the
lower bound on BR(Bs ! µ+µ�) from LHCb is still be-
low half of the SM value, destructively interfering NP is
much less constrained than constructively interfering NP.

The plots of Fig. 6 show in red the constraints from
Bs ! µ+µ� in the plane of the third generation squark
masses and the Higgsino mass parameter µ. The gray
horizontal band corresponds to the constraint from di-
rect searches of charginos at LEP that exclude |µ| .
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FIG. 5. Constraints in the MA–tan� plane from the Bs !
µ+µ� decay. The red solid, dotted, dashed and dash-dotted
contours correspond to scenarios (a), (b), (c) and (d), as de-
scribed in the text. The gray region is excluded by direct
searches of MSSM Higgs bosons in the H/A ! ⌧+⌧� chan-
nel.

100 GeV [184, 185]. In these plots, we fixMA = 800 GeV,
tan� = 45 (fully compatible with the B ! ⌧⌫ constraint
and not yet constrained by direct searches), and gaugino
masses with 6M

1

= 3M
2

= M
3

= 1.5 TeV. As in all the
other plots, we vary the trilinear couplings At = Ab = A⌧

throughout the plot such that the lightest Higgs mass is
Mh = 125 GeV. The values for At are indicated in the
plots by the vertical dotted contours. The two plots cor-
respond to positive and negative values of the A-terms.
In the gray region in the lower left corners of the plots, the
sbottom loop corrections to the lightest Higgs mass be-
come so large that the lightest Higgs mass is always below
Mh < 125 GeV for any value of At, taking into account
a 3 GeV theory uncertainty. We checked that varying
the light Higgs mass between 122 GeV < Mh < 128 GeV
can change the values of At by around 25% in each di-
rection and therefore can a↵ect the constraints derived
from Bs ! µ+µ� at a quantitative level. However, the
qualitative picture of the constraints and the interplay
of the SUSY contributions to Bs ! µ+µ�, as discussed
below, are una↵ected by this variation.

The solid contours are obtained under the assumption
that the masses of the first two generation squarks are
equal to the third generation, while for the dashed and
dotted contours we assume the first two generations to
be heavier by 50%. For the dashed contours, we as-
sume the splitting for the left-handed squarks to be fully
aligned in the up-sector, such that gaugino-squark loops
also contribute to ✏

FC

with ⇣ = 1 (see (23) and (25)).
We set ⇣ = 0.5 for the dotted contours, such that only

CMS-PAS-HIG-12-050

Altmannshofer et al., 1211.1976

h,H,A

15

µ+

µ-

Clean probe of the Yukawa interaction  (⇒ Higgs sector) 
beyond tree level

• Méson Bs (b + anti-s) -> mu+ mu-

• Très supprimé dans le Modèle 
Standard, très sensible à certains 
types de nouvelle physique

• qui prédisent des 
correlations avec la 
désintégration Bd (b
+ anti d) -> mu+ 
mu-
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Combined LHCb + CMS Result

Observation:

BR(Bs → µ+µ−) = (2.9 ± 0.7) × 10−9

BR(B0 → µ+µ−) = 3.6+1.6
−1.4 × 10−10

LHCb-CONF-2013-012, CMS-PAS-BPH-13-007
Stephanie Hansmann-Menzemer 26
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b → s Transitions
General description of Hamiltonian in operator product expansion:

b → s transitions are sensitive toO(′)
7 ,O(′)

9 ,O(′)
10

B0 → K∗!+!− is the most prominent (large statistic and flavour specific) candidate
Studies in statistical limited Bs → φµ+µ−, Λb → Λµ+µ− started ...

Stephanie Hansmann-Menzemer 18

• D’autres transitions 
similaires au niveau des 
quarks, mais plus 
compliquées en termes 
de hadrons

• En particulier B -> K* 
mu+ mu-
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New Observables inB0 → K∗µ+µ−

LHCb-PAPER-2013-037
Very good agreement in P

′

4, P
′

6, P
′

8

some tension in P
′

5 (3.7 σ):

0.5% probability to see such a deviation with 24 independent measurements.

Discussion at EPS
resulted in an article:
Descotes, Matias, Virto

arXiv:1307.5683

Stephanie Hansmann-Menzemer 21

• Des écarts dans certaines 
observables décrivant la 
répartition angulaire des 
produits de désintégrations...

• De la NP ? Peut-être...
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Des nouvelles du ciel
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CMB maps : Planck vs WMAP

O. Perdereau Observational Cosmology EPS-HEP 23/07/2013 33 / 36

• Le satellite 
Planck a 
commencé à 
fournir des 
résultats sur le 
fonds diffus 
cosmologique...
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CMB only parameter fits
Planck 2013 results. XVI. Cosmological parameters
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Summary of cosmology as measured using CMB
+ BAO

The 6 parameter ⇤CDM is a good fit !
lower H0 , larger ⌦m

Flat universe : 100⌦K = �0.1± 0.6 (95% c.l.)
Neff = 3.36± 0.34 ; ⌃m� < 0.66 (95
dark energy : w = �1.13± 0.24 (95% c.l.),
compatible with ⇤

good agreement with BBN
large angular scale ⇠ 2� “anomaly”
ns = 0.96 at more than 5�, no evidence for
running, limit on tensor modes

0.936 0.944 0.952 0.960 0.968 0.976 0.984 0.992 1.000
Primordial Tilt (ns)

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

T
en

so
r-

to
-S

ca
la

r
R
at

io
(r

) ConvexConcave

Planck+WP

Planck+WP+highL

Planck+WP+BAO

Natural Inflation

Power law inflation

SB SUSY

R2

V � �2

V � �2/3

V � �

V � �3

�0.12

�0.08

�0.04

0.00

�
K

0.4

0.8

1.2

1.6

�
m

�
[e

V
]

2.4

3.2

4.0

4.8

N
e�

0.24

0.28

0.32

Y
P

�0.030

�0.015

0.000

0.015

dn
s/

d
ln

k

0.06

0.12

0.18

0.24

r 0
.0

02

0.021 0.022 0.023

�bh2

�2.0

�1.5

�1.0

�0.5

w

0.11 0.12 0.13 0.14

�ch2
0.93 0.96 0.99 1.02

ns
45 60 75 90

H0

0.60 0.75 0.90 1.05
�8

Planck 2013 results. XVI. (parameters) & XXII. (inflation constraints) - and others !
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• En bon accord avec le scénario 
cosmologique standard (Lambda-
CDM) et les autres observations 
(Supernovae Ia)

• Modèle d’inflation favorisé

• D’autres résultats attendus bien vite!
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γ-ray lines    Fermi LAT data      

Target region : reg3 surrounding the 
Galactic center 
Optimizing s/b in the energy 1-20 GeV , 
for variety DM profiles 

                           43 Months of Fermi public data 
T.Bringmann et al [arXiv:1203.1312] C. Weniger arXiv:1204.2797v2   

If Dark Matter=> Br(γγ)≈3-4%  

       >4σ  
local significance 

l~-1.5 o , b~0o  
200 pc from the GC  

17 

γ-ray lines  -  Fermi LAT ou slide suivant   
Fermi LAT, 4 years 
•  new processing,  
•  new  Regions of Interests (including 

Galactic Plane )  
   No significant line structure found 
 
 

=> systematics studies on going (limb earth control)  
A publication expected in one year 

Fermi LAT, 4 years  
•  new processing, new analysis 
•  In the Galactic Center (4o×4o) 

Line-like feature near 135 GeV (3.35 σ) 
   
 
 

B.Anderson, EPS-HEP parallel session 18 

• Le satellite FERMI voyait une “raie” de gamma 
très énergétiques, la trace d’une annihilation de 
matière noire ?

• Plus de données, meilleure analyse... l’effet 
semble disparaître !
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TRD!

TOF!

Tr
ac
ke
r!

TOF!
RICH!

ECAL!

1 

2 

7-8 

3-4 

9 

5-6 

TRD  
Identify e+, e- 

Silicon Tracker 
 Z, P 

3D imaging ECAL  
E of e+, e-, γ 

RICH  
 Z, E 

TOF 
 Z, E 

!!
Par%cles!and!nuclei!are!iden%fied!by!their!!

charge!(Z)!and!energy (E ~ P) 

 Z, P are measured independently from  
Tracker, RICH, TOF  and ECAL 

 Magnet 
±Z 

5m x 4m x 3m         7.5 tons 

AMS: A TeV precision, multipurpose spectrometer in space 

22 

Positron fraction : measurement comparison   

->e± Energy [GeV] 
28 

• De son côté, le satellite AMS confirme l’excès de 
positrons dans les rayons cosmiques de haute 
énergie

• Effet astrophysique ? Ou nouvelle physique ???
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Noble liquid recent results: 
spin-independent cross section

XENON100: Phys. Rev. Lett. 109 (2012)
ICRC 2013 Template

33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

4.5

Fig. 4: Simulated WIMP energy spectra in the XMASS
detector assuming the maximum cross section that provides
a signal rate no larger than the observation in any bin above
0.3 keVee. WIMP mass of 7, 12, 18 GeV cases are shown.
(from bottom to top in thin line)

for each WIMP mass and MC events were distributed
uniformly throughout the detector volume using a liquid
scintillation decay constant of 25 ns [11]. The size of the
error bars comes primarily from the systematic uncertainty
in the xenon scintillation decay constant, 25±1 ns, which
is estimated based on the difference between the XMASS
model [11] and the NEST simulation [12] based on Dawson
et al. measurement [13]. A systematic error on the selection
efficiency is determined based on the error resulting from a
linear fit to the points in the figure.

4 Result and Conclusions

The differential energy spectrum of nuclear recoil by WIMP
were calculated base on [14]. In Fig. 4, the simulated WIMP-
s energy spectra was shown together with the observed
spectrum after the data reduction was applied. WIMPs
are assumed to be distributed in an isothermal halo with
vo = 220 km/s, a galactic escape velocity of vesc = 650 km/s,
and an average density of 0.3 GeV/cm3. In order to set a
conservative upper bound on the spin-independent WIMP-
nucleon cross section, the cross section is derived not to
exceed the observed one in any energy bin above 0.3 keVee.
the resulting 90 % confidence level (C.L.) limit derived
from this procedure is shown in Fig. 5. The impact of the
uncertainty from Leff is large in this analysis, so its effect
on the limit is shown separately as a band.

Detail study on background in the energy spectrum, we
believe that most of them originate on the inner surface of
the detector [4, 22]. These events are attributed to radioac-
tive contamination in the aluminum seal of the PMT en-
trance windows, 14C decays in the GORE-TEX R� sheets
between the PMTs and the copper support structure. On
going refurbishment of XMASS detector to remove those
background will achieve more than one order of magnitude
better sensitivity on WIMP-nucleon scattering cross section
and will be started in fall 2013.













          


 
































Fig. 5: Spin-independent elastic WIMP-nucleon cross sec-
tion as a function of WIMP mass. All systematic un-
certainties except that from Leff are taken into accoun-
t in the XMASS 90 % C.L. limit line. The effect of the
Leff uncertainty on the limit is shown in the band. Lim-
its from other experiments and favored regions are also
shown [15, 16, 17, 18, 19, 20, 21].
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New results from CDMS-Si
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FIG. 2. Ionization yield versus recoil energy in all detectors
included in this analysis for events passing all signal criteria
except (top) and including (bottom) the phonon timing crite-
rion. The curved black lines indicate the signal region (-1.8�
and +1.2� from the mean nuclear recoil yield) between 7 and
100 keV recoil energies, while the gray band shows the range
of charge thresholds. Electron recoils in the detector bulk
have yield near unity. The data are colored to indicate recoil
energy ranges (dark to light) of 7–20, 20–30, and 30–100 keV
to aid the interpretation of Fig. 3.

the exposure of this analysis is equivalent to 23.4 kg-days
over a recoil energy range of 7–100 keV for a WIMP of
mass 10 GeV/c2.

Neutrons from cosmogenic or radioactive processes
can produce nuclear recoils that are indistinguishable
from those from an incident WIMP. Simulations of the
rates and energy distributions of these processes using
GEANT4 [22] lead us to expect < 0.13 false candidate
events (90% confidence level) in the Si detectors from
neutrons in this exposure.

A greater source of background is the misidentifica-
tion of surface electron recoils, which may su↵er from re-
duced ionization yield and thus contribute events to the
WIMP-candidate region; these events are termed “leak-
age events”. Prior to looking at the WIMP-candidate
region (unblinding), the expected leakage was estimated
using the rate of single scatter events with yields con-
sistent with nuclear recoils from a previously unblinded
dataset [23] and the rejection performance of the timing
cut measured on low-yield multiple-scatter events from
133Ba calibration data. Two detectors used in this anal-
ysis were located at the end of detector stacks, so scatters
on their outer faces could not be tagged as multiple scat-
ters. The rate of surface events on the outer faces of these
two detectors were estimated using their single-scatter
rates from a previously unblinded dataset presented in
[23] and the multiples-singles ratio on the interior de-
tectors. The final pre-unblinding estimate for misidenti-
fied surface electron-recoil event leakage into the signal
band in the eight Si detectors was 0.47+0.28

�0.17(stat.) events.
This initial leakage estimate informed the decision to un-
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Normalized Timing

FIG. 3. Normalized ionization yield (standard deviations
from the nuclear recoil band centroid) versus normalized
phonon timing parameter (normalized such that the median
of the surface event calibration sample is at -1 and the cut
position is at 0) for events in all detectors from the WIMP-
search data set passing all other selection criteria. The black
box indicates the WIMP candidate selection region. The data
are colored to indicate recoil energy ranges (dark to light) of
7–20, 20–30, and 30–100 keV. The thin red curves on the bot-
tom and right axes are the histograms of the data, while the
thicker green curves are the histograms of nuclear recoils from
252Cf calibration data.

blind. After unblinding, we developed a Bayesian es-
timate of the rate of misidentified surface events based
upon the performance of the phonon timing cut mea-
sured using events near the WIMP-search signal region
[23]. Multiple-scatter events below the electron-recoil
ionization-yield region from both 133Ba calibration and
the WIMP-search data were used as inputs to this model.
Because the WIMP-search sample is sparser compared
to the calibration data, the combined estimates are more
heavily weighted towards the calibration data leakage es-
timates. Additionally the leakage estimate is corrected
for the fact that the passage fraction of singles and mul-
tiples di↵ers by a factor of 1.7+0.8

�0.6, as measured on low-
yield events outside of the nuclear recoil band. The sys-
tematic uncertainty on the leakage estimate comes from
the uncertainty on this scale factor, the choice of prior in
the Bayesian analysis, and the method used to reweigh
the energy distribution of surface events from calibration
data to reflect the distribution in WIMP search data.
The final model predicts an updated surface-event leak-
age estimate of 0.41+0.20

�0.08(stat.)
+0.28
�0.24(syst.) misidentified

surface electron-recoil events in the eight Si detectors.
Classical confidence intervals provided similar estimates
[24].

After all WIMP-selection criteria were defined, the sig-
nal regions of the Si detectors were unblinded. Three
WIMP-candidate events were observed, with recoil en-
ergies of 8.2, 9.5, and 12.3 keV, on March 14, July 1,
and September 6 of 2008, respectively. Two events were
observed in Detector 3 of Tower 4, and the third was ob-

140 kg d exposure

3 events detected, 0.7 expected
likelihood analysis: 0.19% probability for known background-only hypothesis
best fit: 8.6 GeV, 1.9 x 10-42 cm2

Analysis ongoing of low-threshold run (CDMS-lite) at Soudan with one Ge detector

9th Patras workshop, June 26th 2013                                                  Silvia Scorza - SMU

CDMS II Si - Results
•  Profile likelihood analysis favors 
WIMP+background hypothesis over 
known backgrounds as the source of 
signal at the 99.8% C.L. (~3σ)
•  The maximum likelihood occurs at 
a WIMP mass of 8.6 GeV/c2 and 
WIMP-nucleon cross section of 
1.9x10-41cm2

•  Not significant enough to be a 
discovery, but does call for further 
investigation.

•  Optimal interval sets SI cross 
section < 2.4x10-41cm2 @ 90% C.L. 
for 10 GeV/c2 WIMP

http://arxiv.org/abs/1304.42791304.4279v2
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arXiv:1304.4279v2  [hep-ex]  4 May 2013 • De nouveaux résultats 
pour la recherche de 
matière noire sur Terre en 
détectant son interaction 
avec de la matière 
ordinaire...

• Mais toujours de la 
confusion entre les 
expériences !
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A l’année prochaine,
pour ICHEP 2014,
à Valence (Espagne)

ou dans deux ans, 
pour Lepton-Photon 2015 à Ljubljana (Slovénie)

ou EPS-HEP 2015 à Vienne (Autriche) !
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