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Timeline of the universe from the Big Bang to now. Rapid inflation during the first second
was first proposed 25 years ago and is now supported by the new results from WMAP.
{(WMAP = NASA'S Wilkinson Microwave Anisotropy Probe)

Universe:

Barionic Matter, 4%
Dark Matter, 23%
DarkEnergy, 73%
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The (niverse i¢s
Fwndamenfa@ A.symmez‘r/'r.: :

U = MATTER +ANTI-MAT TER

Sakharov’s explenation
(Sakharov's 3 conditions),

HITH 5 (1), 32-35 (196]) :
V(#=0)=M+M
Then, ot a very early sfnge 3 ~/0_2'5,
1/@?/ (more ¢han in the S'M)
2. The conservation of N, (e
Barion number) is enly approximale.
3. The Universe ¢s moZ~
$tationary.



A¢ present:
,, -9
N, [#.=10
/léF (t>4x705y) Q"M‘MB (cmmr'c microwave (Jaf)
/%,,3 x> 400 in cm®
In the past:
M=~ N,
Without Sokharov's conditions,

it would be N /”m Bw/o"‘



W‘{gQP/?

Firs¢, CP means F

(we debieve in CP 7)

Second, ,C/{ beads o different
reaction for particles amd antijparticly
Example
kS~ r-e%) - (k2+x*e)
70(:-*3‘?*;) + (K*~>n*t)

=8 %0003 0

However,
the alread; Hhnown violations o,f “he
CP symmetry (explained in the SM) are
NOT sufficient to explain the ofserved
barion —antsbarion asymmetry of ‘Ao
Universe. WE NEED zML-'W PHYSIZS./



Where can we look for
thot new p/rgsics?

LHC (cerv)  EpMm's

#:”4 meaiuremessls
Sufcr- S;MMW'G‘ with Precision
porticles. close fo vthe SA
Susy ? Eimeds.

Super-strings ¢ A, qu ™10 ecm
An, o, , 4,

n) /0)



S types of EDMs

1. Uswual:
Ao correfataan between 7 anc .7
No violations Of T and P s:ymm&‘fhes.
Can exist Only 2n degenerate states.
E.rampee.--' H’JHJM

E=- me? : é-—»‘.? SO Lo 4
283 (t+mym) h"‘

45--?? d=n(n- )
Linear Stcrtk

2. Inedluced :

Correlatles with an external E-ﬁ‘efd.

8xamp£e.: Deuteron
d; =,

AEI-iL“ EE (guadmﬁc Sfﬁﬁé)
_-g.«se-zdr[x Lt LI -%]EE,

=0 for protons, S=3
3, Correbated wrth
o = omdj:'

We want to fnd Cthis.



3=msl“-j:’ violates T, P, CcP
H = —Ff— ?E

T P
t—-t - -
B—-F B—>+B (aria)
E-+E E'—>-E (polar)
'5"—'-—? §'—v+3‘
F— -7 P -

FxB —» TxB PxB —»—=TxB
H—*-ﬁ"f-r??
o 2mc ) = ?S

In the newtren €dm, dn , experiments,
BIE, and frirst E then -F are used.
d, ec(td, - ) | qu“‘J resonance fre? ’s .

Inour d , d,, .. experiments,

we will use @Mﬂﬂ, other things)
ﬂu.-(ﬁ'-’-t) Imitatron :

-ty ="
-7, B—>=-B, E~FE.

of o< (w++¢4)_)



Neutron EDM Experiments

Neutron precession frequency will shift by Aw = 2d-E/h
(d=102%escm, E = 10 KVicm => 107 Hz sh|ft)

Ramsey’'s Separated Oscillatory

Field Method

Magnetized
Wlirmor

: :;;,11_5 - :..:: ;v

Limitations:

» Short duration for observing the precession
« Systematic error due to motional magnetic

field (v X E)

3

Blirror Angle 5,14 mrad
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Both can be improved by using ultra-cold neutrons

From Jen-Chieh Peng’s report, Cape Cod, 19-22 June, 2006



Neutron EDM Experiment with
Ultra Cold Neutrons

ILL Measurement

Five-Layer Muo-bdictal Shicld 10400
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« Use ¥9Hg co-magnetometer to sample the variation of |
B-field in the UCN storage cell

» Limited by low UCN flux of ~ 5 UCN/cm?

A higher UCN flux can be obtained by using the “superthermal”

down-scattering process in superfluid He
g

From Jen-Chieh Peng’s report, Cape Cod, 19-22 June, 2006
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i Approx szale 1 e

LICH detector

Context

Sussex-RAL-ILL experiment

d <3x10%°ecm

C. A. Baker et al., hep-ex/0602020
P G. Harrls et al PRL 82 (1999) 904

From Jen-Chieh Peng’s report, Cape Cod, 19-22 June, 2006
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