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Simulation du signal
attendu:

MiniBoone

an excess of v, events i a v, beam,

87.9+£224£6.0 (3.80)

which can be interpreted as v — v, oscillations:
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Résultat (11/4/07)

Within the energy range defmed by this oscillation analysis,
the event rate 1s consistent with background.
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The observed low energy deviation 1s under investigation.



MINOS, K2K/T2K

« — Résultats MINOS, final K2K:
 Confirment I'oscillation

e 1¢" faisceau T2K Avril 2009



Recherche de double deésintégrations 3
sans neutrino

— Progreés récents dans les calculs des éléments de matrice
Incertitude ~facteur 2 a 4

— Résultats expérimentaux:

» Heidelberg Moscow ( 76Ge , 10 kg, Gran Sasso)

— Signal controversé

« NEMO-3 (“track-calo”, 10 kg, Modane)

— Limites en Mo : >4.6 1023 years => <m > < 0.66 — 2.8 eV
 Cuoricino (TeO2 bolometres, 10 kg, Gran Sasso)

—> 2.4 102 years <m > < 0.18 - 0.94 eV

— Projets:

« GERDA ( 76Ge), CUORE (TeO2) : but: 1 tonne.an
—Peuvent atteindre le domaine de la hierarchie inversée
= 0.01-0.1 eV



Astronomie y H.E.:
HESS - Magic

* Big observational step within the last year:
- quanfitative (tripling number of detected sources)

- qualitative (extremely high quality => unprecedented detailed
stdies),

=> DAWN OF A GOLDEN AGE FOR CHERENKOV TELESCOPES !



HESS Galactic Plane Survey

HESS J1834-087 HESS J1825-137 HESS J1813-178
HESS J1837-069

Sources > 6 sigma: 54
9 new, 11 total

Sources > 4 sigma:
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Supernova remnant shells

y-ray morphology = morphology in non-thermal X-rays

RXJ1713.72046 (" = [ RX J0852.0-4622 |
alias Vela Junior
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Le centre galactique

HESS

Carte en gamma

La méme apres soustraction

des 2 sources. Correlation nette avec
le gaz moléculaire vu par émission CS
(interférométrie antenne radio mm
monosulfure de carbone)

A I'étude: signe d’'une source hadronique
de RC au CG?
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Spectre en énergie: E%3 entre 0.1 et 10 TeV =>
Une source forte cache un éventuel signal de matiére noire

¥ need uncomfortably high neutralino masses
F need uncomfortably high boost factors

“ 1011 ¥ spectrum does not match
~ - but cannot exclude small DM contribution
E __ i'l M I
3 —
=
T 1012} - + |
2 E _e 2004(HESS) .
X 52003 (HESS)
W === MSSM (14 TeV)
e KK (8 TeV)
107" — 70% bb, 30% t*t (10 TeV)
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1 10
PRL, in press EI!'IEI'Q}{ (TEV}

10



On a vu la gravitation quantique?

o 180280GeV

e Sursauts du |
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Energy dependence of the
Speed of light

 Space-time at large distances i1s “smooth” but, if Gravity 1s a
quantum theory, at very short distances it might show a very
complex ( “foamy” ) structure due to Quantum fluctuations.

Long Wavelength

* A consequence of these
fluctuations 1s the fact that the
speed of light in vacuum

becomes energy dependent. A Short Wavelenth :

VIAAN NNV

» The energy scale at which gravity 1s expected to behave as a
quantum theory 1s the Planck Mass

Eqi = OM; )= 0(10%) GeV



* From a purely phenomenological point of view, the effect can
be studied with a perturbative expansion. The arrival delay of y-
rays emitted simuﬂanﬂuusly from a distant source should be
proportional to the path L to the source and a power » of their
energy difference AE and :

/&E\HL

At ~

h\EQG/, c

» The expected delay 1s very small and to make it measurable one
needs to observe very high energy y-rays coming from sources
at cosmological distances.
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Auger

1000 reservoirs d’eau /1600
* Pas de résultat sur la coupure GZK

* Anisotropie: suivant HESS

» HESS 2004: observation of
TeV gamma-ray emission near 6C

Emission along the Galactic Plane

diction of associated
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Résultat Auger

% Around the Galactic Center/Plane: 5°, *op-h'r

AGASA: obs/exp = 2116/2159.5

- SUGAR: obs/exp = 286/289.7

no ind

 obs/exp = 53.8/45.8

upper limit on the flux of neutrons coming from GC:

||‘ 8,<008 & kmZyrl at95%CL.

»_All-sky blind searches:

 Other searches on prescriptions:
(predefined targets & statistical significance: NGC253, NGC3256, Cen A)




Amandal/lcecube

— Amanda operational since

2000 (1 9 Iines) bl ¥ " experimental data —t—
e - lcecube-9 see muon neutrinos 1206 | O on v

100000 |
Mis-reconstructed

10000 + = atmospheric muons 1

el

* IceCube successfully deployed
13 more strings, now 22

- 25% of the detector deployed, . h g
~1 km3-yr of data in ~2 years o I S FT

- New strings “surround” "o ; m s
AMANDA, look at contained Cut Strengih
events

- On schedule for completion in
26)1 18(%Se§|gr?n§d)co pletio 234 up-going v, in 137.4 live-days of data

. _ !
* no point source found (purity of neutrino sample > 95%)

* limit on diffuse flux

1000 b

Suniving Evants
|
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» Line 2 connected September 2006
» Lines 3,4,5 connected January 2007
» Lines 6,7 deployed March, April

» Mini Instrumentation Line/OM
retrieved, April.

Junction Box
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Gerbe de muons atmospheriques
r lignes
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Matiere noire

Current CDMS |l limit

PRL 96, 011302 (YGeéfroid)
/ (~20 attobarn-)

Kim et al. 2002
yellow (MSSM scan)
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Excluded by

Accelerators |

10°

WIMP Mass (GeV)

Current CDMS Il limit
PRL 96, 011302 (2006)
(~20 attobarn)

Zero-background Sensitivi
25 kg of Ge (or Xe, I, W)
100 kg Ar or 200 kg Ne

| Zero-background Sensitivi

1000 kg of Ge (or Xe, I, W
4000 kg Ar or 2000 kg Ne
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WARP, détecteur du futur?

Photons
Secondaires S2

10-40 ]
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ultiplication s | \ _— . g 1
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Autres expériences:
CRESST, XENON, XMAS

Edelweiss Il
10 kg cette année

30 kg dans 3 ans 2



AXions

AXION motivation

m Strong CP problem: why strong interactions seem
not to violate CP?

— CP violating term in QCD is not forbidden. But neutron
electric dipole moment not observed.

m Natural answer if Peccei-Quinn mechanism exist.

New U(1) global symmelry - spontaneously broken.

u As a result, new pseudoscalar, neutral and
very light particle is predicted, the axion,
s It couples to the photon in every model.

PRIMAKOFF
EFFECT

23



CAST

X ray
detector

.x.-ay T
]

Extending the coherence to higher
axion masses...
«Coherence condition (gL << 1)is

recovered for a narrow mass range around
m.,

N.: number of electrons/cm*
p: gas density (g/ocm?)

WEILIUM

=Ty (E3 dlays)
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Limits on axions: overall view
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 PVLAS : ellipticité et dichroisme dans un
champ magnetique. Signal observe.

Reconciling CAST and PVLAS

Several ideas being put forward from theory.
— Masso & Redondo, Antoniadis et al, Mohapatra et al, etc...
— Basic goal: to find a mechanism by which axion
production is suppressed in the Sun. Saaall of

Necesity of laboratory based axion experiment: “light < ERERd <

shining through wall” experiments.

N . photon
“.‘. o ....O b*..‘il%..o-a.-.ﬂr..‘..--* #‘ o‘..'l t...,it....-I.‘..ot.....--> |:|
}'Q
photon photon
source detector

WALL

—Many efforts now ongoing!! JLAB, ALPS, BMV, CERN, (and PVLAS themselves)



ADMX: recherche de Matiere Noire d’Axions de
faible masse

The Sikivie axion detector is a tunable resonant cavity threaded by a
static magnetic field coupled to a ultra-low noise microwave receiver. Axions in
our galactic halo enter the cavity, scatter off photons in the magnetic field, and
thereby convert into microwave photons. The conversion into microwave
photons is enhanced by the resonant cavity (quality factor for our critically
coupled cavity is about 105) and the strength of the static magnetic field; the
excess microwave photons above thermal background from axion conversion
are then detected by the receiver.
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g-2

* Electron; Gabrielse

* Muon: D. Hertzog, revue par Z. Zhang
(Orsay)
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Why Anomalous Magnetic Moment g-2 ?

. te .
U=g—35 = 2+--- 2 Anomalous Magnetic Moment: a=(g-2)/2

2m

ﬂu: precisely measured and predicted (within the SM)
(a, is better measured but o is more sensitive to new physics effects by (m /m_F~4.3-10%)
a,™a vs. a ™ fest the SM & signal new physics effects

th s =M | QED Jiac Weak
qa =a +d . qa  =a > +a, +da,
i fi H i i fi fi
QED | | Hadronic @ - . Weak | . | SUSY.. | | ...or other new |
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g-2 de lI'electron

E}
ppt=10"12

+—@—  Haward (2006)

180 185 1580

{g/2-1.001159 652000}/ 10-2

(b}
ppb= 10"
-15 -10 -5 0 5 10
| | | | | |
Rb (2006) 8 Harvard g (2006)
- ,UW g (198T)
I I I I I I I 1
1.5 80 8.5 9.0 9.5 10.0 10.5 11.0
(g~ 1-137.035990)/107 8
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g-2 de I'électron: mesure

 Un e stocké pendant des mois, r<0.1um,
E, = 100 mK. Transitions quantiques entre états cyclotron et états de spin.

Stimulation de transitions f_. par photons microondes et de spin-flip f, par une
fréquence radio.

Spectrosopie des transitions quantiques: nombre de sauts/essai en fonction de
la fréquence. Détection par décalage causé sur une fréquence d’oscillation
orthogonale.

Courbes de résonnance pour f_et f_

g gl2=1+1/ 1,

G Gabrielse et al. 2006 Phys. Rev. Lett. 97 030802.
B Odom et al. 2006 Phys. Rev. Lett. 97 030801.
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(c)
0.20+

(&)

trap cavity electron

quartz spacer

top endcap
electrode

compensation
electrode

nickel rings

compensation
electrode ()

bottomn endcap
electrode

quantum jump fraction

Stockage de I'électron

frequency (F, in kHz)

Spectrosopie des transitions quantiques
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SM Predictions:

15f order known since 1948

ED had Weak
aZP 4 gy g Ve

IH u u

: 4* order only known numerically

[J' Schwinger, PR73(48)416] | .  T. Kinoshita et al calculated in 80's

' - Up fo 3¢ order
knuwn unnlyhcally

a rﬂ. ‘u':' 1' ,.-
ﬁw S0 0 7658574103 | ¢ l +24.0505096(4)| — | +131-“1ﬂ}|
VT T

2
=11 658 471.90 tu.m_‘,.,m, £0.04,, x107"

+0.008,, %107

5 rdar =

1T 658 471,809+ 0.014

: Bt order estimated

: recently, T. Kinoshita
: & M. Nio, PRD73(06)
: 053007

-ﬂ' "|
¢ +-
[PDG 06]
[Using e extracted from latest a_]
(Gabrielse et al PRL97(06)030801)
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Extraction des corrections hadroniques
a partir de e*e- —hadrons

Hadronic | .
3 e o TR
; SN LN
& - TQJ Hadro#s-JHadrdig
e e -
4 L B
" hurd .

34



Connect 7 and e*e- Data through CVC - SU(2)

W I=1& VA CVC: =18 V| y1=018V
I g*

[ i
W o / hadrons
o

hadrons
Hadronic physics factorizes in Spectral Functions : fundamental
ingredient relating
Isospin symmetry connects =1 &€ cross section to vector T spectral functions: long distance
(resonances) to
2 y
T e 4 ey ) . shnrt.dlrf‘l'unce.
a ee =TI |=——UT a0V, description (QCD)
S
= o E
gz ER[I‘—}H?IITJ 1 dN_, m?

T . ,.r {::t: ; ;
it BR{7 ey, | Mo @ (4-simZ) (1+5im?)

branching fractions mass spectrum  kinematic factor (PS)
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Status of g -2

T II T 11 |I [ [ | II II|III 'r"l'"r"r"|—1"|'l

DEHZ 03 {e'e™-hasad)

180.9+8.0 e
DEHZ 03 (r-based) :
1956468 2 00 00000 luees st
HMNT 03 (e'e™-based) ;
176347 4 —_—— ,
J 03 {e'e-based) :
1784183 (prefiminary) ! 5, | !
TY (4 (&"e -based) |
1B0EL3S  (praliminany) —— E
HMNT 06 fe‘a'—hased] i
{4181 e b | |

DEHL ICHEP 2006 {E+E'-tba sed)
180.5+56 (praliminary)

BNL-ES21 04 Lo
208163 ——

|||.||!||| [ ||!|||.||.|||||| |.1_|_u_|_:|
140 120 160 170 180 180 200 210

a, - 11659000 (107

+ Aa (expt-thy) = (27.6 £ 8.1) x 10 (3.4 0)

+ E969 in future: 2-fold improvement in expt and
theory

« Awaits funding opportunity

Whereas 1 based prediction agrees with the measurement within lg
all recent e+e- based predictions have a deviation with data at over 3o
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Summary

Hadronic vacuum polarization is still the dominant systematics for SM
prediction of the muon g- 2

Precision of SM prediction (+5.6) now exceeds experimental precision (+6.3)
SM prediction for a, differs by ~3.3 6 [e’e] from experiment (BNL 2004)

Discrepancy with r data (ALEPH & CLEO & OPAL) is still an open issue

What is behind the 4.5 ¢ discrepancy between BR(t—v nn") and the
isospin-breaking corrected spectral function from ete” — - ?

The current e'e” data are mostly obtained using energy scan method

Important to cross check these data with other data/method
(e.q. radiative return method from KLOE & BaBar)
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New results 'and a hmt at thmgs to come
David Hertzog

University of lllinois at Urbana-Champaign

Moriond EW 2007



The predictive power of the Standard Model depends on well-
measured input parameters

The most precise electroweak parameters...
e+ G o M,

9ppm 0.0007 ppm 23 ppm

r

--- Precision u* lifetime

A connection in
technique

What is the weak-nucleon chargéd current?

9p
Precision u lifetime in ultra-pure
hydrogen gas (capture)

39



The Fermi constant is related to the electroweak
gauge coupling g by

Gr g*
| 1+ Ar(my, M, . ..
V2 81\{%( . f(mt'mﬂ )

Contains all weak interaction loop
»  corrections

In the Fermi theory, muon decay is a contact interaction =

Tyt 19273

In 1999, van Ritbergen and Stuart completed full 2-loop QED corrections reducing the

1 Ge?m,

uncertainty in G from theory to < 0.3 ppm (it was the dominant error before)




The 7-parameter fit function includes:|
. The muon lifetime,

. A flat background, and

. An independently validated
electronics oscillation (with ow

coffelation 1o the lifslima)
(

The analyzers are blind
to the clock frequency

2000 0 2000 4000 GOOO BOOO 10000120001 400016000 8000 ;‘
time [Iiﬂm .

Article Chitwood et al,
Mars 07

10!

107
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First Physics from MuCap

(muon capture on p to get induced pseudoscalar coupling

The Black Sheep of Form Factors = T. Hemmert

quark level

relevant
v/ degrees of
freedom 7

¢ First gp with non-controversial interpretation
: 9,=7.3£1.0
- Agrees with yPT expectation
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