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Experimental Program of TRI P group

Investigating discrete symmetry violations C, P, and T.

 Origin of Parity Violation mirror

in Weak Interactions \

nuclear
: ¢ ). spin
* = details of B-decays %

Na, Ne iSOtOpES nuclear spin

Dominance of Matter over Antimatter

CP - Violation
Time Reversal Symmetry
Parity Violation

= permanent electric dipole moments
Ra isotopes




Forbidden moments new/old physics
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Electric dipole moment (EDM) violates parity only
violates parity and time reversal More objects with APV

Need amplifiers to observe the effects:
near degenerate opposite parity states in atoms, nuclei and molecules



The race for a nonzero EDM...
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Why do we need it cold?
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The role of atom trapping

Recoil Measurement

nucleus

energy scales
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The trap sample:

* long storage times

* ISotope (Isomer) selective

 Spin manipulation

* point source, no substrate

e recoil ion momentum spectrometry
o state preparation (for APNC,edm...)
 “low” EM fields (otherwise ion traps)

 |deal environment
for precision experiments



Laser Cooling and Trapping

Type Energies Scale

Slowing 1000 m/s

gr?ier?eadn’le\llggrl,t%il::%rr]gmatic force 100 meV

MOT 100 m/s Inhomogeneous B-Field
Optical Molasses 10 m/s, 1 K  no B-Field

FORT >1mK no B-Field

Magnetic Trap 0.7 K/T/ug  inhomogeneous B-Field
Cryogenic Buffer 0.7 K/T/ug  inhomogeneous B-Field
Gas Loading

Trap losses:  background gas ~1 s @ 102 mbar
optical traps = optical cycling losses
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Stopping lons In gas
A general solution?

What can theory tell us?
— “Just need the charge exchange cross sections”

Should it work?
— Energy mismatch for ions at rest

Does it work?

— Existing devices

How can we learn about the physics?
— Cross sections and others




lons In gasses: different applications

- rfq cooler, buffer gas cooling In ion traps, mass
spectrometry

o creation of neutral atom beams, resonant charge
exchange

e Muonium (u*e”) formation in gasses (Ar, Kr, Xe)

Gas Muonium Energy
fraction mismatch
Ar 0.65(5) 2.22eV
Kr 0.80(10) 0.46eV
Xe 1 -1.46eV




Charge Exchange Cell

5 cm long-gas cell

. at < 0.5 mbar
Deflection plates

Gas inlet He, N., Ar
Faraday Cup \ ! ’
< ! Chargeq \ ~10% mbar
I
— ATF
. I]( / /‘I i Beamline
3mmfi 92 mm 1 mm
> E=6-180 keV
40 cm Baratron Xe and Na various

charge states
energy loss is << E

charge states

=> Determine mean charge as function

of exchange gas pressure
Jgegasp TRIP



TRIuP

Fraction of charged particles
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Charged State fractions

Cross sections are energy dependent

dl~ _
——=-nQ;, 1~ +nQ,;1°
dx
dI° . ) . = 0 at any position
— =—NQy " +nQ;, I~ +nQ,| if g, >> 1
dl* 0 Definitions:
—— =—nQ, I " +nQ,I » li=fraction with g=i

* Q;; cross section for H charge
change from g=i to g=j
ignoring + <> - (double charge transfer) < n = number atoms/volume

+ 0 - 0 + 0 T

Q. >>Q,. equilibrium: 1*/1° = Q,,/Q,,



Charge Fractions and cross sections
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Average charge of Xe in He

Average charge

Xe, 10 keV T e, S0 Lk e".!’
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b N Systematics: detection efficiency
=l of MCP for neutrals
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Indication of large neutral fraction.

How does It continue toward lower energies?
Not accessible with this method



Survival of 1ons after stopping in He

Noe Extraction etficiency, summary figure
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Complilation by D. Morrissey, MSU
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Our RFQ cooler/buncher concept

* RF capacitive coupling
e DC drag resistor chai

Ofics designdii

Buffer gas pressure (He): Trap position
~10"t mbar | ~103 mbar
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ﬁOeV RFQ ion cooler  thermal L RFQ ion buncher
Switching on end electrodes

K VI Trapped Radioactive Isotopes: uicro-laboratories for Fundamental Physics



Preliminary results for RFQ cooler buncher

 Storage time several seconds
-> purity of buffer gas
with production rate fill trap in about 1s

 Drift tube accelerator -> no high voltage platform

o Efficiency for MCP detector for different ion
energies

e Good transmission > 80% of RFQ
« Short (200ns) ion pulses
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