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Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 23/7/15 1



Été comme hiver
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Les “confs”

En physique des particules, conférences d’hiver (Moriond) et d’été
(ICHEP, Lepton-Photon, EPS-HEP)
EPS-HEP: conf. européenne, organisée sous l’égide de la Société
Européenne de Physique, tous les 2 ans, un endroit différent
1 semaine, à Vienne (Autriche)

De 800 à 1000
participants littéralement
du monde entier
Autant pour les
présentations, calibrées,
que pour les
discussions, informelles,
aux pauses (rumeurs...)

Autres occasions de rencontres: réunions satellites, conférences
thématiques, workshops spécialisés, séminaires. . .
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Les trois premiers jours d’EPS-HEP 2015

Sessions parallèles (7 sessions, 15-20 min sur sujet spécifique)
700 interventions + une session posters

Standard Model and Beyond, Electroweak

Symmetry Breaking, Neutrino Physics,

Flavour Physics CP Violation, QCD and

Hadronic Physics, Heavy Ions, Future

Facilities, Astroparticle Physics, High

Energy Astrophysics, Cosmology, String

Theory, Non-Perturbative Field Theory,

Detectors and Data Handling, Accelerator

R&D, Outreach. . .
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Le dimanche

Digérer les résultats, travailler, faire du tourisme. . .
D’autres activités sociales (concert, banquet. . . ) prévues les soirs
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Les trois derniers jours d’EPS-HEP 2015

3 jours de sessions plénières (exposés plus longs sur un domaine)
Remise de prix, dont l’EPS Prize, souvent précurseur du Prix
Nobel, à J. D. Bjorken, G. Altarelli, Y. L. Dokshitzer, L. Lipatov et
G. Parisi pour leurs travaux sur l’interaction forte
Conférence de presse sur les premiers résultats du run 2 du LHC
Plusieurs activités de vulgarisation des sciences
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De quoi se cultiver. . .

ATLAS & CMS Stop 
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!  Scaling the couplings to fermions (κf) and vector bosons (κV). !  All decay channels converging around SM expectation. 

[CMS-PAS-HIG-14-009] [arXiv:1307.1347] 
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Top anti-top production in association with W/Z bosons
Example:
 3 lepton  in Z mass region 4 jets, 1 b-tag

2 leptons same+opposite sign and 3 leptons combined:

ATLAS ATLAS-CONF-2014-038

SM σ
ttZ

/σ
ttW

 ratio assumed No assumption on  σ
ttZ

/σ
ttW

 

Dilepton Mass Spectrum 

7/7/14 

ICHEP 2014 

15 

10

TABLE III. Summary of systematic uncertainties on the ex-

pected numbers of events at a dilepton mass of mℓℓ = 2 TeV,

where n/a indicates that the uncertainty is not applicable.

Uncertainties < 3% for all values of mee or mµµ are neglected

in the respective statistica
l analysis.

Source (mℓℓ = 2 TeV) Dielectron
s Dimuons

Signal Backgr. Signal Backgr.

Normalization
4% n/a 4% n/a

PDF variation
n/a 11%

n/a 12%

PDF choice
n/a 7% n/a 6%

αs

n/a 3% n/a 3%

Electroweak corr.
n/a 2% n/a 3%

Photon-induced corr.
n/a 3% n/a 3%

Beam energy
< 1% 3% < 1% 3%

Resolution
< 3% < 3% < 3% 3%

Dijet and W + jets
n/a 5% n/a n/a

Total

4% 15%
4% 15%

TABLE IV. Summary of systematic uncertainties on the ex-

pected numbers of events at a dilepton mass of mℓℓ = 3 TeV,

where n/a indicates that the uncertainty is not applicable.

Uncertainties < 3% for all values of mee or mµµ are neglected

in the respective statistica
l analysis.

Source (mℓℓ = 3 TeV) Dielectron
s Dimuons

Signal Backgr. Signal Backgr.

Normalization
4% n/a 4% n/a

PDF variation
n/a 30%

n/a 17%

PDF choice
n/a 22%

n/a 12%

αs

n/a 5% n/a 4%

Electroweak corr.
n/a 4% n/a 3%

Photon-induced corr.
n/a 6% n/a 4%

Beam energy
< 1% 5% < 1% 3%

Resolution
< 3% < 3% < 3% 8%

Dijet and W + jets
n/a 21%

n/a n/a

Total

4% 44%
4% 23%

MS. However, such events are rare and the corresponding

systematic uncertainty is negligible over the entire mass

range considered. This is an improvement on previous

ATLAS publications [17], which used a very conservative,

and much larger, estimate: 6% at 2 TeV. In addition, the

uncertainty on the resolution due to residual misalign-

ments in the MS propagates to a change in the steeply

falling background shape at high dilepton mass and in the

width of signal line shape. The potential impact of this

uncertainty on the background estimate reaches 3% at

2 TeV and 8% at 3 TeV. The effect on the signal is negli-

gible. As for the dielectron channel, the momentum scale

uncertainty has negligible impact in the dimuon channel

search.

Mass-dependent systematic uncertainties that change

the expected number of events by at least 3% anywhere

in the mℓℓ distribution are summarized in Tables III and

IV for dilepton invariant masses of 2 TeV and 3 TeV,

respectively.
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FIG. 2. Dielectron
(top) and dimuon (bottom) invariant

mass (mℓℓ) distributions after event selection
, with two se-

lected Z
′
SSM

signals overlaid, compared to the stacked sum

of all expected backgrounds, and the ratios of data to back-

ground expectation. The bin width is constant in log mℓℓ.

The green band in the ratio plot shows the systematic uncer-

tainties described in Sec. IX.

X. COMPARISON OF DATA AND

BACKGROUND EXPECTATIONS

The observed invariant mass distributions, mee and

mµµ, are compared to the expectation from SM back-

grounds after final selection. To make this comparison,

the sum of all simulated backgrounds, with the rela-

tive contributions fixed according to the respective cross-

sections, is scaled such that the result agrees with the

observed number of data events in the 80 - 110 GeV

normalization region, after subtracting the data-driven

background in the case of the electron channel. The

scale factors obtained with this procedure are 1.02 in

the dielectron channel and 0.98 in the dimuon chan-

nel. It is this normalization approach that allows the

mass-independent uncertainties to cancel in the statisti-

cal analysis.

Figure 2 depicts the mℓℓ distributions for the dielectron

and dimuon final states. The bin width of the histograms

is constant in log mℓℓ, chosen such that a possible signal

peak spans multiple bins and the shape is not impacted

Table 3: Ex
pected and

observed e
vent yields

in the dimu
on channel

. The predi
cted yields

are shown
for

SM backgroun
d as well a

s for SM+C
I for severa

l CI signal
scenarios.

The quoted
errors cons

ist of both

the statistic
al and syst

ematic unc
ertainties a

dded in qu
adrature.

Process

mµµ [GeV]

400 – 550
550 – 800

800 – 1200
1200 – 180

0 1800 – 300
0 3000 – 450

0

Drell-Yan
670 ± 50

217 ± 18
45 ± 5

5.9 ± 0.8
0.58 ± 0.12

0.027 ± 0.008

Top quarks
128 ± 10 16.3 ± 1.4 1.66 ± 0.11

0.103 ± 0.007
< 0.005

< 0.002

Diboson
47.6 ± 2.7

15.3 ± 0.9 3.75 ± 0.26
0.556 ± 0.030

0.056 ± 0.005
< 0.003

Photon-Ind
uced

34 ± 34
13 ± 13 3.3 ± 3.3

0.5 ± 0.5
0.07 ± 0.07

< 0.006

Total SM
880 ± 60

261 ± 22
54 ± 6

7.2 ± 1.0
0.71 ± 0.14

0.032 ± 0.009

Data
814

265
47

7
1

0

SM+CI (Λ
−
LL
= 14 TeV)

900 ± 60
285 ± 23

70 ± 6
14.4 ± 1.2

2.89 ± 0.33
0.18 ± 0.04

SM+CI (Λ
−
LL
= 20 TeV)

870 ± 60
265 ± 23

58 ± 6
10.0 ± 1.1

1.49 ± 0.18
0.103 ± 0.022

SM+CI (Λ
−
LR
= 14 TeV)

930 ± 60
292 ± 23

79 ± 6
16.9 ± 1.4

3.9 ± 0.4
0.38 ± 0.08

SM+CI (Λ
−
LR
= 20 TeV)

910 ± 60
281 ± 23

61 ± 6
10.7 ± 1.1

1.76 ± 0.20
0.139 ± 0.029

SM+CI (Λ
−
RR
= 14 TeV)

900 ± 60
285 ± 23

70 ± 6
13.8 ± 1.2

2.80 ± 0.32
0.20 ± 0.04

SM+CI (Λ
−
RR
= 20 TeV)

870 ± 60
265 ± 23

58 ± 6
10.1 ± 1.1

1.29 ± 0.17
0.09 ± 0.02

SM+CI (Λ
+
LL
= 14 TeV)

870 ± 60
252 ± 23

51 ± 6
7.5 ± 1.0

1.45 ± 0.18
0.113 ± 0.023

SM+CI (Λ
+
LL
= 20 TeV)

890 ± 60
247 ± 23

50 ± 6
6.4 ± 1.0

0.74 ± 0.15
0.048 ± 0.013

SM+CI (Λ
+
LR
= 14 TeV)

860 ± 60
256 ± 23

57 ± 6
12.2 ± 1.1

2.79 ± 0.31
0.28 ± 0.06

SM+CI (Λ
+
LR
= 20 TeV)

880 ± 60
252 ± 23

50 ± 6
7.5 ± 1.0

1.15 ± 0.16
0.092 ± 0.019

SM+CI (Λ
+
RR
= 14 TeV)

870 ± 60
252 ± 23

51 ± 6
8.0 ± 1.0

1.36 ± 0.18
0.138 ± 0.026

SM+CI (Λ
+
RR
= 20 TeV)

890 ± 60
247 ± 23

50 ± 6
6.5 ± 1.0

0.70 ± 0.15
0.052 ± 0.013
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Figure 1: R
econstructe

d dielectro
n (top) and

dimuon (b
ottom) ma

ss distribut
ions for da

ta and the
SM

backgroun
d estimate.

Also show
n are the pr

edictions f
or a benchm

ark Λ value
in the LL c

ontact inte
rac-

tion model
and benchm

ark MS value i
n the GRW

ADD mod
el. The dis

tribution b
in width is

constant in

log(mℓℓ) an
d has the to

tal systema
tic uncerta

inty overla
id as a ban

d on the ra
tio.
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Highest mass event ~ 1.9TeV 

Z’ ruled out up to ~ 2.9TeV CI ruled out up to /\ ~ 26TeV 

1 Introducti
on

Many theo
ries beyond

the Standa
rd Model (

SM) predic
t new phen

omena whi
ch give rise

to dilepton
final

states, such
as new reso

nances. Th
ese have be

en searche
d for using

the ATLAS
detector an

d are repor
ted

elsewhere
[1]. In thi

s paper, a
compleme

ntary searc
h is perfor

med for ne
w phenom

ena that ap
pear as

broad devi
ations from

the SM in the dilep
ton invaria

nt mass dis
tribution o

r in the ang
ular distrib

ution of

the leptons
(where the

leptons con
sidered in t

his analysi
s are electr

ons or muo
ns). The ph

enomena u
nder

investigatio
n are conta

ct interacti
ons (CI) an

d large ext
ra dimensi

ons (LED)
.

2 Theoretica
l Motivatio

n

The presen
ce of a new

interaction
can be dete

cted at an e
nergy muc

h lower tha
n that requ

ired to pro
duce

direct evid
ence of the

existence o
f a new ga

uge boson
. The char

ged weak
interaction

responsible
for

nuclear β d
ecay provi

des such a
n example

. A non-re
normalizab

le descript
ion of this

process wa
s suc-

cessfully fo
rmulated b

y Fermi in
the form of

a four-ferm
ion contact

interaction
[2]. A cont

act interact
ion

can also a
ccommoda

te deviatio
ns in proto

n-proton s
cattering d

ue to quar
k and lept

on compos
iteness,

where a ch
aracteristic

energy sca
le Λ corres

ponds to th
e binding e

nergy betw
een fermio

n constitue
nts.

A new inte
raction or

compositen
ess in the p

rocess qq →
ℓ+ℓ
− can be des

cribed by t
he followin

g four-

fermion co
ntact intera

ction Lagr
angian [3,

4]:

L = g
2

Λ2
[ ηLL (qL

γµqL) (ℓLγ
µℓL)

+ηRR (qRγµ
qR) (ℓRγ

µℓR)

+ηLR (qLγµ
qL) (ℓRγ

µℓR)

+ηRL (qRγµ
qR) (ℓLγ

µℓL) ] ,

where g is
a coupling

constant ch
osen by co

nvention to
satisfy g

2/4π = 1, Λ
is the cont

act interac
tion

scale, and
qL,R and

ℓL,R are l
eft-handed

and right-h
anded qua

rk and lep
ton fields,

respectivel
y. The

parameters
ηi j, where

i and j are
L or R (lef

t or right),
define the

chiral struc
ture of the

new intera
ction.

Different c
hiral struc

tures are i
nvestigated

here, with
the left-rig

ht model o
btained by

setting ηLR
=

ηRL =
±1 and ηLL =

ηRR =
0. Likewis

e, the left-
left and rig

ht-right mo
dels are ob

tained by s
etting

the corresp
onding par

ameters to
±1, and the o

thers to ze
ro. The si

gn of ηi j d
etermines

whether th
e

interferenc
e is constr

uctive (ηi j
= −1) or des

tructive (ηi j
= +1). T

he cross s
ection for

the proces
s

qq→ ℓ+ℓ
− in the pres

ence of con
tact interac

tions can b
e written a

s:

σtot = σD
Y − ηi j

FI
Λ2
+
FC
Λ4
,

(1)

where the
first term accounts f

or the qq
→ Z/γ∗ → ℓ

+ℓ− Drell-Y
an (DY) p

rocess, the
second ter

m

correspond
s to the int

erference b
etween the

DY and CI
processes,

and the thi
rd term de

scribes the
pure

CI process
. These tw

o latter term
s include fu

nctions of
the cross se

ctions FI a
nd FC, resp

ectively, w
hich

do not dep
end on Λ.

The relativ
e impact o

f the interf
erence and

pure CI te
rms depen

ds on both
the

dilepton m
ass and Λ.

For examp
le, the mag

nitude of t
he interfer

ence term
for dilepto

n masses a
bove

600 GeV i
s about tw

ice as larg
e as that o

f the pure
CI term at Λ = 14

TeV; the in
terference

becomes

increasingl
y dominan

t for highe
r values of

Λ.

A solution
to the vast

hierarchy b
etween the

electrowea
k (EW) an

d Planck sc
ales has be

en propose
d

by Arkani-
Hamed, D

imopoulos
and Dvali

(ADD) [5]
. In this m

odel, gravi
ty is allow

ed to prop
agate

in large fla
t extra spa

tial dimens
ions, there

by diluting
its apparen

t effect in
3+1 space

time dimen
sions.

The flat n e
xtra dimen

sions are o
f common

size R (∼1 µm
– 1 mm, fo

r n = 2) an
d compact

ified on an
n-

dimension
al torus. Th

e fundame
ntal Planck

scale in (4+
n)-dimensi

ons, MD, is rela
ted to the P

lanck scale
,

1

… 

arXive:1405.4123 

ATLAS-CONF-2014-030 

e+e- 

µ+µ- 
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Daya Bay ν e
 disappearance

● Four tim
es more statistics (621 days) 

than the previously published result

● Over 1 million antineutrinos detected 

(150k in the far detectors)

● Most precise measurement of 

sin
2 (2θ 13

) (6%)

● Shape distortion agrees with 

oscillation prediction

ν
e
→ν e

RENO sin
2  2θ 13

 = 0.101±0.013

Double Chooz

7/7/14 
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TA, ICHEP2014 

21 

72 events zenith angle < 55°, with E>5.7x10 19 eV 

Colors: oversampling with 20° (radius) circles 

19 events in circle centered at R:A: = 146.7°, Dec: = 43.2° 

20° circle = ~6% of northern sky, 

but 19 of 72 events are contained in 

“hotspot” 
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Beaucoup de
transparents
Des articles
paraissent juste
après les talks
Proceedings
(comptes-rendus) à
écrire dans la foulée
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Un petit problème de causalité

D’ordinaire, les Rencontres
ont lieu avant les conférences
d’été
Cette année, EPS commence
aujourd’hui (Nicolas y
participe)

En l’absence de boule de
cristal. . .
. . . trois nouvelles récentes. . .
. . . qui seront à suivre dans les
mois qui viennent !
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. . . qui seront à suivre dans les
mois qui viennent !
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. . . qui seront à suivre dans les
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A la recherche de la nouvelle résonance
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Analyser et interpréter

Particules créées étudiées via une cascade de désintégrations
Reconstruction en suivant les trajectoires
Lois de conservations (énergie-impulsion, charge électrique. . . )
Certaines particules ne sont pas détectées (neutrinos. . . )

Sélection des évènements pour éliminer bruits de fond
Reste à interpréter en s’appuyant sur la théorie

Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 23/7/15 10



Résonances, pics et autres bosses

Solution pour Klein Gordon (spin 0) dans l’espace des impulsions

(∂µ∂
µ + m2)φ(x) = j(x) =⇒ φ̃(p) =

1
m2 − p2 × j̃(p)

Propagateur qui décrit l’évolution de la particule

Probabilité P(gg → H → ZZ ∗) ∝
∣∣∣∣gHgg ×

1
m2 − p2 × gHZZ

∣∣∣∣2

Mais particule intermédiaire, instable, de temps de vie τ

φ(t , ~x) ∝ e−imt → e−t/(2τ)e−imt =⇒ m→ m− iΓ/2 Γ = 1/τ

Probabilité P fait un pic autour de p2 = (pZ + pZ∗)2 ' m2,
selon une courbe de résonance de largeur Γ
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Tester des modèles nouveaux

Pas de paires de nouvelles particules-antiparticules à 8 TeV
Les particules si elles existent sont trop lourdes pour le LHC
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Sébastien Descotes-Genon (LPT-Orsay) Quelques nouvelles récentes 23/7/15 12



Des excès intriguants (Juin 2015)

Collisions pp produisant WW , WZ , ZZ
Il semble apparaı̂tre des pics autour de 2 TeV pour ATLAS et CMS
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Combination

Mais pas les mêmes paramètres (sections efficaces)
Et difficile à accommoder dans un modèle cohérent et simple

(couplages importants WZ , aux g,u,d , et résonance étroite ?)
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Le penta-quoi ?
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LHCb fête le 14 Juillet !

Au CERN, LHCb étudie les désintégrations de hadrons contenant
un quark b
Entres autres Λb → J/ψ p K− [(cc̄)(uud)(sū)]

Processus attendu Λb → J/ψ Λ(→ p K−) [faible, puis fort]
Mais aussi Λb → K−P+

c (→ J/ψ p)

P+
c = (uudcc̄)

en fait, 2 états de masses 4.450 et 4.380 GeV
se désintégrant en J/ψp sous l’effet de
l’interaction forte
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LHCb voit donc des particules instables

Masse invariante p K− :
résonance Λ

Masse invariante J/ψ p : 2
pics, un bien visible, l’autre
plus large caché dans le
bruit de fond
L’un serait de spin 3/2,
l’autre de spin 5/2
Probabilité d’un effet dû à
une fluctuation du bruit de
fond : 9 et 15 σ (soit 10−19

et 10−50)
A condition d’avoir bien
estimé le bruit de fond. . .
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De quoi fait-on un pentaquark ?

4 quarks et 1 antiquark, unis par la force forte
avec des couleurs organisées pour obtenir un pentaquark blanc
soit les quarks unis fortement tous ensemble, soit une molécule
avec baryon et méson faiblement liés
prédits dans des modèles effectifs de QCD (théorie fondamentale
trop compliquée à résoudre)

d’autres états exotiques (nombres quantiques impossibles pour
qqq ou qq̄) déjà observés, peut-être des tétraquarks (qqq̄q̄) ?
X (3872),Z (4430),Y (4140),Zc(3900), Zb(10610), Zb(10650). . .
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Mais un passé discutable pour les pentaquarks

1997: des théoriciens russes de l’interaction forte prédisent
l’existence d’états à 5 quarks (4q+1q̄), en particulier le Θ+=uddus̄

2003: premières “observations d’un pentaquark (Japon)
Plusieurs confirmations expérimentales (Russie, Allemagne). . .
. . . mais les résultats positifs ne peuvent être reproduits, et
d’autres résultats négatifs s’accumulent
Fluctuation statistique d’un bruit de fond insuffisamment compris,
amplifiée par les sélections . . . prudence donc avec le P+

c !
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P-prime-5
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Deux approches de la Nouvelle Physique

ATLAS, CMS: produire de nouvelles particules et détecter leurs
produits de désintégrations
LHCb: étudier des processus rares, qui peuvent faire intervenir
des particules intermédiaires (virtuelles) lourdes

b → s`+`− (` = e ou µ)
Processus avec une très faible probabilité dans le Modèle
Standard (passage via W et t virtuels)
Sensible à des états intermédiaires virtuels lourds au-delà du MS,
qui se manifesteront par des écarts entre MS et expérience
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Quand l’interaction forte s’en mêle

Processus théorique en termes de quarks, mais expériences
mesurées en termes de hadrons
b → s`+`− peut se traduire en différentes transitions entre
hadrons: B → K `+`−, B → K ∗`+`−, Bs → φ`+`−, Λb → Λ`+`−. . .

En présence de physique au-delà du Modèle Standard, tous ces
procesus sont affectés : permet de croiser les résultats pour en
apprendre plus !
Mais il faut comprendre la transition entre quarks et hadrons sur le
plan théorique, pour pouvoir prédire précisément les valeurs MS

modèles approchés, simulations numériques
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La lente progression d’une idée

1990: premiers travaux théoriques sur l’intérêt de b → s`+`− pour
la nouvelle physique
2000: premières estimations relativement “précises” des effets de
l’hadronisation liée à QCD
2005-2010: constructions d’observables faiblement sensibles aux
effets de QCD (et donc très sensibles à des particules au-delà du
MS)
2008-2010: premières mesures à Babar, Belle (avec de grosses
barres d’erreur),
2011: LHCb mesure un processus relié (et très attendu par les
partisans de la supersymétrie), Bs → µµ, en accord avec le MS
2012-2015: mesures de précision à LHCb
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P ′5

Décrit en partie la géométrie compliquée de la désintégration
B → K ∗µ+µ− (avec K ∗ → Kπ)
En fonction de q2, masse invariante de deux muons
Déviation par rapport au Modèle Standard, observée en 2013 et
confirmée en 2015

 ï
q

le eKB0

/

K

+
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µ+

µ

D’autres déviations dans b → s`` par rapport au Modèle Standard
Br(B → Kµµ)/Br(B → Kee)=0.75 (1 dans MS)
Br(Bs → φµµ), Br(Λb → Λµµ)
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Des explications ?

Plusieurs fluctuations statistiques intempestives (?)
Sous-estimation d’incertitudes du côté expérimentales (géométrie
du détecteur) ou théoriques (compréhension de QCD) (?)
Il y a de la nouvelle physique (?)

Nouvelle interaction Z ′ couplant aux muons et changeant b en s
Leptoquarks, couplant à quark + lepton des 2ème et 3ème famille
Difficile à décrire avec la supersymétrie. . .
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A bientôt,
pour Lepton-Photon 2015

en août à Ljubljana (Slovénie),

ou dans deux ans,
pour EPS-HEP 2017,

ou bien encore dans un an,
pour ICHEP 2016

à Chicago (USA) !
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