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Direct versus indirect probes
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High sensitivity experiments to probe new physics
WELL beyond the Electroweak scale

Proton decay (baryon number violation)

Neutrinoless double beta decay (lepton number violation)

U — €Y (lepton flavor violation)

e

Electr;ic Dipole Mbments (CP violgon)

B and K physics (flavor changing)
: ; >

n n oscillations (baryon nu)mber violation)
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Electric dipole moments
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A non-zero EDM violates T reversal
(thus violates CP symmetry)




The running nEDM apparatus

Operated at ILL (2000-2006),
providing the world limit

d,| <3x107% eem (90% C.L.).

data taking at the PSI UCN
source since 2012
100

80|~ 2014 data
60: ‘ (30 days, 4 datasets)

L TR B

Electric field 150 kV /12 cm 60

Shielded magnetic environmen§ | | | |
_ Homogeneity < 10" 10T 2 3 4
Bo=1HT Time stability < 106




Next, n2EDM

« Two large chambers with
opposite E-field

« Hg comagnetometry +
external magnetometers
(Cs + 3He)

« Bigger and better mumetal
magnetic shield

Assembly of the new apparatus in 2018
data taking starts 2020?

Target sensitivity 2 x 10727 e cm



Neutron antineutron oscillation, the 1986 ILL experiment

Neutrons oscillate freely for 75 m

Annihilation of antineutrons (2 GeV
event) detected with a 4pi detector.

Result: 7,7 > 108 s

Operator responsible for n nbar
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Result: Mg > 100 TeV

Notice the M ;; suppression




New project at the European Spallation Source (ESS)

Your nnbar >
experiment
here




Location of ~50 experiments
n-nbar ESS
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Hyper K
Proton decay

A MEG (PSl), Mu2e (Fermilab), g-2 (Fermilab), COMET (KEK), g-2 (KEK)
muons

O‘BB EXO, SNO+, Kamland, NEXT, GERDA, CUORE, NEMO, MAJORANA
v

@ nEDM: PSI, ILL, FRM2, PNPI, SNS, Triumph
EDMs pEDM & muEDM: BNL, FZJ, FNAL, JPARC
atomEDM: Seattle, Princeton, Yale, Harvard, etc, etc... 10



Remarques finales
« Des experiences variées, complémentaires
du LHC
 Limplication de I’'IN2P3 est faible
« Des opportunités, par exemple:

Oscillation neutron-antineutron a ESS
EDM sur accélérateurs



..'ll.

N
\
4///,/ P

- _..,...__, :

..,
BT
:::_
—,..:/
¢_ 4—_

g iyt !

.3..... ::
! .: :.
A
v \i_

12



Nima Harkani Hamed

j—

H d— (_Cumm'} \\ :_l."n"(ﬂﬁe\‘l .._i'_hn I's ’Pn‘aﬂij S

/ 7 </
(Gl Lo
s SR N / Flaver Physics
W + ED
S S
: I %Tuu‘,:gl}_ \l; L‘Lﬂ'\ 5‘3&“'5
]
4

S —-GBJVC?\/




Planning the Future of U.S. Particle Physics
Report of the 2013 Community Summer Study
Chapter 2: Intensity Frontier

proton decay

neutrino properties
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Experimental reach (with significant simplifying assumptions)
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Figure 2-1. The energy scale of new physics that is probed by various experimental programs as indicated.
The solid line represents the present level of experimental sensitivity, while the dashed line indicates
the expected sensitivity of proposed facilities. The Intensity Frontier programs (proton decay, neutrino
properties, mu to e, flavor) provide indirect probes of new physics effects. In contrast, the results presented
for the Cosmic (dark matter) and Energy (14 TeV LHC, Tevatron) Frontier programs represent the direct
search for the production of new particles. Indirect searches are also possible at these facilities, and increase
their sensitivity to high energy scales by roughly an order of magnitude. The vertical text shows the energy
scale at which Electroweak Symmetry Breaking (EWSB), the neutrino see-saw mechanism, and Grand
Unified Theories (GUT) occur, and where the quantum effects of gravity become strong (Planck).



Low energy probes of BSM
Cirigliano and Ramsey-Mussolf

B Current

B Future
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Power of Expedition
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US vision

Origin of Mass

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model




The Intensity Frontier Program

The Intensity Frontier is a broad and diverse, yet
connected, set of science opportunities

Charged

Quark Leptons

CP Asymmetries,
Flavor

Rare decays with
K’'s, Charm, B’s

Light eutrinos

weakly- New particle v Oscillations

coupled searches OvBB

particles
Nucleons, EDMs Baryon Number Froton
Nuclei & Parity Violatio Violation Decay &
Atoms Neutron

Oscillation



