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Overview

1. Fundamental symmetries

@ what is our current understanding ?
# how do we test what lies beyond ?

2. TAMU Penning Trap

#® physics of superallowed 5 decay
@ ion trapping of proton-rich nuclei at T-REX

3. TRIUMF Neutral Atom Trap

@ angular correlations of polarized 3'K
@ preliminary results of a recent run
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Scope of fundamental physics

“electrons

the atom
from the very ..... scales ...
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The Standard Model

All of the known elementary particles and their interactions
are described within the framework of

The Standard Model
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The Standard Model

All of the known elementary particles and their interactions
are described within the framework of

The Standard Model

® quantum + special rel = quantum field theory
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The Standard Model

All of the known elementary particles and their interactions
are described within the framework of

The Standard Model

® quantum + special rel = quantum field theory
#® Noether’s theorem: symmetry < conservation law

Maxwell’'s egns invariant under conservation of
changes in vector potential electric charge, q
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The Standard Model

All of the known elementary particles and their interactions
are described within the framework of

The Standard Model

® quantum + special rel = quantum field theory
#® Noether’s theorem: symmetry < conservation law

Maxwell’'s egns invariant under conservation of
changes in vector potential electric charge, q

and there are other symmetries too:
time < energy
space < momentum
rotations < angular momentum
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The Standard Model

All of the known elementary particles and their interactions
are described within the framework of

The Standard Model

® quantum + special rel = quantum field theory
#® Noether’s theorem: symmetry < conservation law

electroweak
A

~

® SU(3) x SU(2), x U(1) + (classical general rel)
—— N N

\ . J

VY

strong weak E &M gravity
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The Standard Model

All of the known elementary particles and their interactions
are described within the framework of

The Standard Model

® quantum + special rel = quantum field theory

#® Noether’s theorem: symmetry < conservation law
® SU(3) x SU(2)r, x U(1): strong + electroweak

#® 12 elementary particles , 4 fundamental forces

]st pnd  3rd Q mediator  force
- Ve (V) (Vs 0 g strong
@]
=t e 7 T —1 wt
~ P } weak
1006
©
s \d) \s) \b) -1/3 ~ EM
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The Standard Model

All of the known elementary particles and their interactions
are described within the framework of

Q&
The Standard Model

® quantum + special rel = quantum field theory

#® Noether’s theorem: symmetry < conservation law
® SU(3) x SU(2)r, x U(1): strong + electroweak

#® 12 elementary particles , 4 fundamental forces

and (at least) @ 1 Higgs boson @

]st ond  3rd Q mediator  force

" 0 g strong
( T ) —1 Wt

} weak

leptons
N\
SIS
N—
N\
g
N—

quarks
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That's all fine and dandy, but. ..

does the Standard Model work??
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That's all fine and dandy, but. ..

does the Standard Model work??

] it predicted the existence of the W=, Z,, g, cand t
~» and now the Higgs!

[] isarenormalizable theory

[ GSW = unified the weak force with electromagnetism

[] QCD explains quark confinement
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That's all fine and dandy, but. ..

does the Standard Model work??

] it predicted the existence of the W=, Z,, g, cand t
~+ and now the Higgs!

[] isarenormalizable theory

[ GSW = unified the weak force with electromagnetism

[] QCD explains quark confinement

240 —pmlonnlonnlonn ity

= H N

2220w g - au=3(g-2)
:lzoo : i T F

S 180 1 l_ "t 41 part-per- million !!
X 160 - €€ L (PRL 92 (2004) 161802)

< 140 Loxperiment Theory |
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That's all fine and dandy, but. ..

does the Standard Model work??

] it predicted the existence of the W=, Z,, g, cand t
~+ and now the Higgs!

[] isarenormalizable theory

[ GSW = unified the weak force with electromagnetism

[] QCD explains quark confinement

N
N
o

= H N

2220w g - au=3(g-2)
:lzoo : i T F

S 180 1 l_ "t 41 part-per- million !!
X 160 - €€ L (PRL 92 (2004) 161802)

S 140 J.oxperiment Theory |

o Wow ...this Is ——

@ ‘the most precisely tested theory ever conceived!l Qj

) Nov 20, 2013
) —4
Dan Melconian Ai IiMi] CYCLOTRON INSTITUTE NSCL

TEXAS A&M UNIVERSITY



But there are still questions ...

@JJ parameters values : does our “ultimate” theory really need 25 arbi-
trary constants? Do they change with time?

Qj dark matter . SM physics makes up only 4% of the energy-matter of
the universe!

@JJ baryon asymmetry : why more matter than anti-matter ?

0.1 strong CP: do axions exist? Fine-tuning ?

@JJ neutrinos : Dirac or Majorana ? Mass hierarchy ?

\U fermion generations : why three families?

@J weak mixing : Is the CKM matrix unitary ?

w parity violation : is parity maximally violated in the weak interaction?
No right-handed currents?

@J gravity : of course can't forget about a quantum description of gravity !
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Beyond the Standard Model

At our energy scales, we see four distinct forces ...
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Beyond the Standard Model
But these coupling ‘constants’ aren’t really constant: ‘ a; — a;(Q) I

Standard |
Model

1 ——

0.00 _-““T“'I“T“'I'“'T“'T“'I'”T"'I“'I“T“'I'“'I'"'I'”T”T"'I“'I-_
10" 10* 10° 10° 10® 10° 10°

Momentum transfer, @ [GeV/c]

strength of force

— electromagnetic and weak strengths equal at ~ 10'° GeV

— strong force gets weaker, but doesn’t unify with EW. . ..
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Beyond the Standard Model

But what if there is new physics we haven’t seen yet?
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the running of the coupling constants would be affected,;
maybe they converge at some GUT scale?

Are the three theories of E &M, weak and strong
Interactions all low-energy limits of
one unifying theory?
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How do we test the SM?

@ colliders : CERN, SLAC, FNAL, BNL, KEK, DESY ...
#® nuclear physics : traps, exotic beams, neutron, EDMs, 0v38, ...

® cosmology & astrophysics : SN1987a, Big Bang nucleosynthesis, . ..

® muon decay . Michel parameters: p, §,7, and &
#® atomic physics : anapole moment, spectroscopy, ...

CYCLOTRON INSTITUTE Nov 20, 2013

TEXAS A&M UNIVERSITY NSCL

Dan Melconian
AIiM




How do we test the SM?

# colliders : CERN, SLAC, FNAL, BNL, KEK, DESY ...

#® nuclear physics : traps, exotic beams, neutron, EDMs, 0v33, ...

® cosmology & astrophysics : SN1987a, Big Bang nucleosynthesis, . ..
® muon decay . Michel parameters: p, §,7, and &

@ atomic physics : anapole moment, spectroscopy, ...

all of these techniques are complementary and important

e different experiments probe different (new) physics
e If signal seen, cross-checks crucial!
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How do we test the SM?

# colliders : CERN, SLAC, FNAL, BNL, KEK, DESY ...

#® nuclear physics : traps, exotic beams, neutron, EDMs, 0v38, ...

® cosmology & astrophysics : SN1987a, Big Bang nucleosynthesis, . ..
® muon decay . Michel parameters: p, §,7, and &

#® atomic physics : anapole moment, spectroscopy, ...

all of these techniques are complementary and important

e different experiments probe different (new) physics
e If signal seen, cross-checks crucial!

‘ often they are interdisciplinary I

(fun and a great basis for graduate students!)

. Nov 20, 2013
’ -7
Dan Melconian ATM“ CYCLOTRON INSTITUTE NSCL

EXAS A&M UNIVE ITY



direct search of particles

How does high-energy test the SM?
colliders : CERN, SLAC, FNAL, BNL, KEK, DESY, ....

Compact Muon Solenoid
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How does high-energy test the SM?

colliders : CERN, SLAC, FNAL, BNL, KEK, DESY, ....

‘ direct search of particles I

Compact Muon Solenoid

“go bIg or go home”

#® large multi-national collabs
@ billion $ price-tags
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How do we test the SM?

nuclear physics : radioactive ion beam facilities

‘ Indirect search via precision measurementsl

Nuclear Landscape

'y less than 300 stable | 4‘ o
82 \
terra incognita

" i
A 50
. known nuclei
2 4 I

= =
2 8 neutron number N

proton number Z
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How do we test the SM?

nuclear physics : radioactive ion beam facilities

‘ Indirect search via precision measurementsl
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How do we test the SM?

nuclear physics : radioactive ion beam facilities

‘ Indirect search via precision measurementsl
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How do we test the SM?

nuclear physics : radioactive ion beam facilities

‘ Indirect search via precision measurementsl
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How specifically do | plan to test the SM?

# Via the angular distribution  of the decay: the often-quoted
Jackson, Treiman and Wyld (Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate
W GVl
dE,dQ.dQ,.  (27)°

peEe(Ao — Ee)2€

TIB [Mév]
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How specifically do | plan to test the SM?

# Via the angular distribution  of the decay: the often-quoted
Jackson, Treiman and Wyld (Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
W G2|Voa|’ i . De * P, I'm
— Tl B(As— E)% | 1+ ag, =22 + b—"
IEdd, —  (2np PPl Je(ttaspp=t b
scalar vector
e Pi—"""
\ —>

. Nov 20, 2013
Dan Melconian AjF’M CYCLOTRON INSTITUTE NSCL 10

TTTTTTTTTTTTTTTTTT



How specifically do | plan to test the SM?

# Via the angular distribution  of the decay: the often-quoted
Jackson, Treiman and Wyld (Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
W CVad? ). " p.-p,.  Tme
— @ eEe Ao - Ee 1 v € Ze b €
IEdd, —  (2np PPl Je(ttaspp=t b

) _)6 _)l/ _)ex_)y
_|_Q.[Aﬁp__|_Byp_+Dp p ])

0. . B asym vV asym T—violating
V.0
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How specifically do | plan to test the SM?

# Via the angular distribution  of the decay: the often-quoted
Jackson, Treiman and Wyld (Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
W CVad? ). " p.-p,.  Tme
— @ eEe AO - Ee 1 v € Ze b €
IEdd, —  (2np PPl Je(ttaspp=t b

<H> De Dy De X Dy
Yol A B2 D
S g f Ef E.E,
v v

| 0. . £ asym v asym T—violating

N e ™™ 4

= (-decay parameters depend on the currents
mediating the weak interaction

= sensitive to new physics <«
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How to acheive our goal?

#® perform a  decay experiment on
short-lived isotopes

Drecoil
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How to acheive our goal?

fd: {dy
'\ngi ® perform a 3 decay experiment on

\\%/Lg:e short-lived isotopes
W v

] ® make a precision measurement
v of the angular correlation param-
eters

Drecoil
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How to acheive our goal?

#® perform a  decay experiment on
short-lived isotopes

® make a precision measurement
of the angular correlation param-
eters

® compare the SM predictions to
observations

DPrecoil
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How to acheive our goal?

#® perform a  decay experiment on
short-lived isotopes

® make a precision measurement
of the angular correlation param-
eters

® compare the SM predictions to
observations

® look for deviations as an indica-
tion of new physics

DPrecoil
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How to acheive our goal?

,'/;l\\ ,’/d\\
\ZMZ;’ ® perform a 3 decay experiment on

%6 short-lived isotopes
W v

] ® make a precision measurement
v of the angular correlation param-

DPrecoil
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C.S. Wu's experiment — Parity violation
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C.S. Wu's experiment — Parity violation

a7 LUCITE ROD
/ PUMPING TUBE FOR
Nol VACUUM SPACE

a8 em #® so much scattering!

#® low polarization

| L@iéﬁﬁL“é’ilce ® short relaxation time
® poor sample purity

@ pain to flip the spin

® need long ¢, - 4e

MUTUAL INDUCTANCE ANTHRACENE CRY

T T 2
THERMOMETER COILS oy : (AT PULSE J
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Fic. 1. Schematic drawing of the lower part of the cryostat. TEMPS (minutes)
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Traps around the world

Many groups around the world realize the potential of using traps
for precision weak interaction studies

@® atomtraps e 10N traps

He

; '-‘-."'t_- -.-""“i:-: _- -
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Overview

1. Fundamental symmetries

@ what Is our current understanding ?
® how do we test what lies beyond ?

2. TAMU Penning Trap

# physics of superallowed 5 decay
@ lon trapping of proton-rich nuclel at T-REX

3. TRIUMF Neutral Atom Trap

# angular correlations of polarized 3K
@ preliminary results of a recent run
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T = 2 superallowed decays

0, T=2

//+
0, T=2

B stiable

- 20 B 7=1

(] T7=2

® 0 — v correlations

® model-dependence of ). calcs seem to dependon 7' ...
® new cases for V,,
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@

T = 2 superallowed decays

0+, T=2

r/+
0, T=2

scal
"\ooar/r
2

28 L]

HUcr

o7

ﬁﬁr“

Recall : pure Fermi decay < minimal
nuclear structure effects; decay rate is
simply given by:

peE.(As — Ee)2£(1 + ag,

£ — v correlations

ﬁe : ﬁu Fme
b
EE, "E.

® model-dependence of ). calcs seem to dependon 7' ...
® new cases for V,,
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3 — v correlation from  3%Ar

VOLUME 83, NUMBER 7 PHYSICAL REVIEW LETTERS 16 Aucust 1999

Positron-Neutrino Correlation in the 0% — 0% Decay of>?Ar

E.G. Adelberger,! C. Ortiz,> A. Garcia,> H. E. Swanson,! M. Beck,! O. Tengblad,> M. J. G. Borge,® |. Martel,*

H. Bichsel,! and the ISOLDE Collaboration®
'Department of Physics, University of Washington, Seattle, Washington 98195-1560
2Department of Physics, University of Notre Dame, Notre Dame, Indiana 46556
3Instituto de Estructura de la Materia, CSC, E-28006 Madrid, Spain
4EP Division, CERN, Geneva, Switzerland CH-1211
(Received 24 February 1999)

The positron-neutrino correlation in the 07 — 0™ B decay of 3>Ar was measured at ISOLDE by
analyzing the effect of lepton recoil on the shape of the narrow proton group following the superallowed
decay. Our result is consistent with the standard model prediction. For vanishing Fierz interference we
find a = 0.9989 £ 0.0052 = 0.0039, which yields improved constraints on scalar weak interactions.

Doppler shape of delayed
proton depends on p, - p,!
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3 — v correlation from  3%Ar
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Positron-Neutrino Correlation in the 0% — 0% Decay of>?Ar
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4EP Division, CERN, Geneva, Switzerland CH-1211
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The positron-neutrino correlation in the 07 —
analyzing the effect of Iepton recoil on the shape of
decay. Our result is consistent with the standard m
find a = 0.9989 = 0.0052 = 0.0039, which yields

P ,00000000000000000000000004,, &

Doppler shape of delayed
proton depends on p, - p,!

3.340 3.345 3.350 3.355 3.360 3.365 3.370
Proton energy [MeV]
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3 — v correlation from

VOLUME 83, NUMBER 7

32Ar

PHYSICAL REVIEW LETTERS 16 Aucust 1999

B=35T
ﬁ
32AI‘ n
ﬁ e
ﬁ
ﬁ
detector

I

Doppler shape of delayed
proton depends on p, - p,!

ron-Neutrino Correlation in the 0 — 0% Decay of*?Ar
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H. Bichsel,! and the ISOLDE Collaboration®
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artment of Physics, University of Notre Dame, Notre Dame, Indiana 46556
3Instituto de Estructura de la Materia, CSC, E-28006 Madrid, Spain
4EP Division, CERN, Geneva, Switzerland CH-1211
(Received 24 February 1999)
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1eutrino correlation in the 07 —
ect of lepton recoil on the shape of
It is consistent with the standard m
+ 0.0052 = 0.0039, which yields

P ,00000000000000000000000004,, &

r | i Q T

3.340

3.345
Proton energy [MeV]
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But why throw away useful information??

We can improve the correlation measurement by retaining
Information about the &
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But why throw away useful information??

We can improve the correlation measurement by retaining
Information about the &
utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!
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But why throw away useful information??

We can improve the correlation measurement by retaining
Information about the &
utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!

magnetic field B

electric field

48 Vﬂb— Fem——————t——

magnetron motion

cyclotron motion
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But why throw away useful information??

We can improve the correlation measurement by retaining
Information about the &
utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!

Position-sensitive detector

Compensation Ring Compensation
Electrode Electrode Electrode

End Cap End Cap
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But why throw away useful information??
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But why throw away useful information??

We can improve the correlation measurement by retaining
Information about the &

utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!
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But why throw away useful information??

We can improve the correlation measurement by retaining
Information about the &

utilize technology of Penning traps to provide a

Position-sensitive detector

End Cap

backing-free source of localized radioactive ions!!

N

Compensation Ring Comg
Electrode Electrode Ele

Proton energy [MeV]
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A Penning trap at T-REX CI/TAMU

I

i
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SOURCE
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ION GUIDE
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EFFECTS e I
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1994, 2000, 2005 %
| SOURCE - |
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SPECTROMETER
1992
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The Texas A&M University Penning Trap

#® will be the world’s most open-geometry

lon trap!

@ uniquely suited for studying -delayed proton decays:

3 — v correlations, ft values/V,,

® mass measurements, EC studies, laser spectroscopy, ...

production
target

BigSol
separator ANL-type

gas—catcher

re—commissioned
K150 cyclotron

ortho—-TOF

- multi-RFQ
heavy—-ion guide
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The Texas A&M University Penning Trap

# will be the world’s most open-geometry ion trap!
@ uniquely suited for studying -delayed proton decays:
8 — v correlations, ft values/V,,
® mass measurements, EC studies, laser spectroscopy, ...

F T o

1 r g2
re-commissioned
K150 cyclotron
. Nov 20. 2013
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The Texas A&M University Penning Trap

# will be the world’s most open-geometry ion trap!
@ uniquely suited for studying -delayed proton decays:
8 — v correlations, ft values/V,,
® mass measurements, EC studies, laser spectroscopy, ...

-

X dy(t)y = U + Veoswpd

Oy(t) = —=U — Veosiyd ll R R e —— [|
'NJECTE D SN B D DN S G G S S . - - EXTRACTED
——

. —_—
ION BEAM |l EEEEEEEEEE — ﬂION BUNCH

™ GAS INLET
L ./ x | D
] A Y T ¢ TRAPPING

{ } AW
. - VvV - ION BUNCH

s . EJECTION

zZ—>

1T LvuUIIInIn DOIVIITU

K150 cyclotron

CYCLOTRON INSTITUTE Nov20, 2013 _19

TEXAS A&M UNIVERSITY NSCL

Dan Melconian
AIiM




The Texas A&M University Penning Trap

# will be the world’s most open-geometry ion trap!
@ uniquely suited for studying -delayed proton decays:
8 — v correlations, ft values/V,,
® mass measurements, EC studies, laser spectroscopy, ...

F T o

1 r g2
re-commissioned
K150 cyclotron
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The Texas A&M University Penning Trap

# will be the world’s most open-geometry ion trap!
#® uniquely suited for studying §-delayed proton decays:
8 — v correlations, ft values/V,,
® mass measurements, EC studies, laser spectroscopy, ...
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The Texas A&M University Penning Trap

# will be the world’s most open-geometry ion trap!
#® uniquely suited for studying §-delayed proton decays:
8 — v correlations, ft values/V,,
® mass measurements, EC studies, laser spectroscopy, ...
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Current status (come visit and see!)

A . T— 1

nulluntTea:!mqr!nmEx
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Current status (come visit and see')

e e e mer—— =S EiE== 00
BN M PULSING CAVITY 1 /BEAM DIAGNOSTICS 2
DEFLECTOR 2~ \ \ '

EINZELLENS-. \ [BASRILLEDREG: \ / DEFLECTOR 3

e

F
Vi

OFFLINE ION EXTRACTION OPTICS-

SOURCE 2
EINZEL LENS~
STEERER

i Tech nilogies

" BEAM DIAGNOSTICS
FC + MCP

_EINZEL LENS
“EMITTANCE STATION .

-~ STEERER

FROM GAS-. 7T 210 ASR-.
CATCHER MAGNET

.m"H-DEFLECTDR 1 /

- EINZEL LENS PENNING TRAPS -

" OFFLINE ION SOURCE 1

Installed and tested
Built, but not yet installed
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Current status (come visit and see')

. e L e e e E==liEiE== T T
e INJECTION OPTICS PULSING CAVITY 1, BEAM DIAGNOSTICS 2 il
s DEFLECTOR 2~ \ e Bl ] |
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“SOURGE 2 EXTRACTION OPTICS 0
EINZEL L é“e‘ \(35
0
R\® SO 20'3.63
a@@‘“g 3 (0
eg\“ “ \0\‘\6 _EINZEL LENS
- STEERER
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" OFFLINE ION SOURCE 1

Installed and tested
Built, but not yet installed
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Overview

1. Fundamental symmetries

@ what Is our current understanding ?
® how do we test what lies beyond ?

2. TAMU Penning Trap

#® physics of superallowed 5 decay
@ ion trapping of proton-rich nuclei at T-REX

3. TRIUMF Neutral Atom Trap

# angular correlations of polarized 3K
@ preliminary results of a recent run

: Nov 20, 2013  _
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The B3T-decay of 'K

Almost as simple as 07— 0™

[ 1 225)s a2t ) = Isobaric analogue decay
K BT = strong branch to g.s.
32" _ 0.022%
_ 5/2* 2.07(11)%

v 3 97.99(14)%
g}

37A
r
\__ 18 Y,
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The B3T-decay of 3K

Almost as simple as 07— 0™

o .
- A Isobaric analogue decay
37 ¥ = strong branch to g.s.
K 3 g 9
3/2* 0.022% o . . .
- < polarization/alignment
_ 52" _ 2.07(11)%

<& mixed Fermi/Gamow-Teller

= need p = GaM¢gr/GvMp

{ oy 3 97.99(14)% to get SM prediction for correla-
3TAr tion parameters

\_
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The B3T-decay of 3K

Almost as simple as 07— 0™

o .
- A Isobaric analogue decay
37 ¥ = strong branch to g.s.
K 3 g 9
3/2* 0.022% o . . .
- < polarization/alignment
_ 52" _ 2.07(11)%

<& mixed Fermi/Gamow-Teller

= need p = GaM¢gr/GvMp

{ oy 3 97.99(14)% to get SM prediction for correla-
37 A tion parameters
\__18 Y
2F 00
get p from the comparative half-life: | p? = T 1

; Nov 20, 2013
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Almost as simple as 07— 0™

The B3T-decay of 3K

( 1.225(7)s  3/2°
37 +
19P( [3
3/2* 0.022%
|
5/2* 2.07(11)%
—_— —t
! ! 3/2* 97.99(14)%
|}
37A
r
N 18

\

J

= isobaric analogue decay
= strong branch to g.s.

& polarization/alignment
& mixed Fermi/Gamow-Teller

= need p = GaM¢gr/GvMp
to get SM prediction for correla-
tion parameters

. . | 2Ft0 0" |
get p from the comparative half-life: | p? = 71 — 1

Opet +0.003% )
BR: +0.14%

tl/g: j

—0.57%

v Ft = 4562(28) = ‘p = 0.5874(71) I

Dan Melconian
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The B3T-decay of 3K

Almost as simple as 07— 0™

o .
- A Isobaric analogue decay
37 = strong branch to g.s.
LK B J )
3/27 0.022% o . . .
- < polarization/alignment
_ 52" _ 2.07(11)% B . _
& mixed Fermi/Gamow-Teller
lor/GvMr
{ oy 3 o7.9904)% | - e for correla-
37
L AT

: Nov 20, 2013
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Measuring the lifetime at the CI

K500 SUPERCONDUCTING CYCLOTRON FACILITY 4
TEXAS A&M UNIVERSITY - CYCLOTRON INSTITUTE "‘ \
‘B
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Improving the lifetime

Set #9: 151/2 =1238.8+1.8 ms; x2/488 =1.05 Set #9: t1/2 =1238.242.0 ms; x?2/10288 = 1.03

Number of counts

Number of counts
o

1 |
h

ALRRRRRRAARARRARARY
CONRR R AR

(data —fit)
V fit
(data —fit)
V fit

o

0 100 200 300 400 500
time [s]
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Improving the lifetime

. Set #9: t1/2=1238.8:t1‘8 ms; x2/488=1‘05 .Se.t .#E.):It1./2.=.12.3l8.2.i.2‘.0 mls, X2/102.88=103. |

2 n o 10° -

5 5

S S 10%-

; S

: \\\\\\\W\H\\\\\\\

5 2 YRR E RN R EREE RN RS
: SR | 1 I ] 0
- e B AT [EP T e R e o 1 .
il e o
g B 0 mo 280 300 480 500

time [s]

nearly a 10x improvement: ‘tl/g — 1236.51 = 0.47 £ 0.83 msI -

= AFt=0.62% — 0.18%
and Ap=12% — 0.4%

P. Shidling et al., in preparation
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Branching ratio — going on  now!!

38 37
Ar (p, 2 n) K K500 SUPERCONDUCTING CYCLOTRON FACILITY
TEXAS A&M UNIVERSITY - CYCLOTRON INSTITUTE fl\w
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Branching ratio — going on  now!!

3BAr(p, 2n)¥'K

K500 SUPERCONDUCTING CYCLOTRON FACILITY
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Angular distribution of a 5 — 3 decay
ﬁe'ﬁl/ f _) _)eX _)1/

dW ~ 1 y bF— A B,—+ D

TvE R T E T 6E " EV -+ D
Correlation SM prediction
3 — v correlation: ag, = 0.6580(61)
Fierz interference parameter: b = 0 (sensitive to scalars and tensors)
3 asymmetry: Az = —0.5739(21)
v asymmetry: B, = —0.7791(58)
Time-violating D coefficient: D = 0 (sensitive to imaginary couplings)

Precision measurements of these correlations to < 0.1%
complement collider experiments and test the SM

see Profumo, Ramsey-Musolf and Tulin, PRD 75 (2007)
and Cirigliano, Gonzalez-Alonso and Graesser, JHEP 1302 (2013)
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Angular distribution ofa 5 — 5 decay

AW ~ 1+aﬁyﬁe'ﬁ” +brﬁ+£- AﬁEjLB,,ﬁ—”jLqu>< Z
E. L, E. I E, E, E. L,

Correlation SM prediction

3 — v correlation: ag, = 0.6580(61) —  0.6668(18)

Fierz interference parameter: b = 0 (sensitive to scalars and tensors)

3 asymmetry: Ag = —0.5739(21) — —0.5719(7)

v asymmetry: B, = —0.7791(58) — —0.7703(18)

Time-violating D coefficient: D = 0 (sensitive to imaginary couplings)

Precision measurements of these correlations to < 0.1%
complement collider experiments and test the SM

see Profumo, Ramsey-Musolf and Tulin, PRD 75 (2007)
and Cirigliano, Gonzalez-Alonso and Graesser, JHEP 1302 (2013)
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)

#® sub-level state manipulation (optical pumping)

@ characterization/diagnostics (photoionization)

S W CYCLOTRON INSTITUTE Noveo, 2013 27
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)

Ion = beam <~ 15 cm——>
|

~ /“Electrostatic
hoops

 Neutralizerf

|
| |
Collection chamber Detection chamber
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)

Ion bean|1

 Neutralizer

Traps provide a backing-free , very cold (< 1 mK),
localized (~ 1 mm?) source of isomerically-selective
short-lived radioactive atoms
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)

/ 1
Electrostatic
ho,oﬁ S

\
NN
N
=
N
# N
N

3 detector
Traps provide a backing-free , very cold (< 1 mK),
localized (~ 1 mm?) source of isomerically-selective
short-lived radioactive atoms
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The TRINAT lab
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The TRINAT lab
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The new chamber

#® Shake-off e~ detection

#® Better control of OP beams

® Buada — DBop quickly: AC-MOT
(Harvery & Murray, PRL 101 (2008))

#® Increased (/recoil solid angles S

#® Stronger E-field ~ detecior
40x40mm ?x300 pem

Nov 20, 2013
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The new chamber

® Shake-o
® Better cc
® Bquad = 4 —
(Harvery & Murray, PRL 101 (2008)) __ ——--’:‘-
#® Increased S/recoil solid angles | I
@ Stronger E-field

1IN

BB1 Si-strip
detector

40x40mm ?x300 pem
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Outline of polarized experiment

. Nov 20,2013
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Outline of polarized experiment

anti-
Helmholtz
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Outline of polarized experiment
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Outline of polarized experiment
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Atomic measurement of P

/N
deduce P based on a model of the ex-
cited state populations:

= T i
S1/2 o
- B polarization
mp = —2 —1 0 1 2 alignment
o
E
-+
e
o}
N
i
L
o
2
fluorescence
0.0 0.2 0.4 0.6 0.8 1.0 | '1.I2

optical pumping time [ms]
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Atomic measurement of P

i
deduce P based on a model of the ex-
cited state populations:

51/2 i 4_(;'?* i} polarization
% alignment
mp = —2 —1 0 1 2 g
0 [ S G jemtaat ;
| B = 2103+ 405 mG i S
25 A = —450 MHz ) fluorescence
7 b = 0.085 counts s
g 20 l o - 00 02 04 06 08 10 12
v 14 X°/128 = 1362 I optical pumping time [ms]
—— CL = 04% g
3 HM S (P) = ~97.0409% |
S ;) l T |
5 [” ’ | ’ l : — +0.19
| Ml | = T = 9074+ 053 0

00 02 04 06 08 10 1.2 14
optical pumping time [ms]
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The cloud Is better controlled now!

#® old system:
T ¥ retroreflected beams
15 3 t old system % kludged “Helmholtz” coils

*- eddy currents

Cloud position [mm]

1 — 1 — —_
T | T LI B T

1.5
1.0
0.5

Cloud width [mm]

00 +—mo

2.0 — ¥ —

0

1000 2000 3000 4000 5000
Cycle time [us]
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The cloud Is better controlled now!

O :
MOT #® old system:
opt pump _ I
T 2.0 e *- retroreflected beams
T t old system * kludged “Helmholtz” coils
] ¢ :
§ 10 W vee ::2 s * eddy currents
2 054 ° & -
'_Z-' 0.0 —;}——_____\-_2?; Hﬂiiigiléﬂf;!ﬁ!;:ni!i:_
SRR Y, :
,g T *- beams balanced
E 0 _ /Ei%“g _ *- anti-Helmholtz — Helmholtz
= S : well-defined fields
S 154, .7 . - .
= bt S, : *- ac-MOT =- fast switching and
= 10 g 8 - low eddy currents
e ] Pl Pattsg's,
5 05 J-- angat,
700 much more stable!

0 1000 2000 3000 4000 5000
lower cloud temperature!

Cycle time [us]
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Scintillator spectra — Fall 2012

Just the raw data; a slight lower-energy cut to get rid of 511s

10 gy O.2_""" """
10° - b 3 Lok
; = 5 0.0 A
] L [ W e
10* - N il
] : g
; 5; —0.2 -
107 = - ©
S
2 = —0.4 - -
107 - - %‘j
1 i E
10 = = 2, —0.6 —
. F 3
] 2 1 i
10° i 14 = -0076(2)
LN BN B B B B B —0.8 T
0 1 2 3 4 5 6 7 O 1 2 3 4 5
Scintillator energy [MeV] Cycle time [ms]
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Scintillator spectra — Fall 2012

Requiring a AE coincidence = remove S

10% Je 02 [-rle it
E oo C
0° - 5 00 HM;— AP
z :
i £ 0.2 '*g!si_gg
10° - -«
. 9
_ -2 04 - }
! )
0=
_ F O
5 06 - Ep—
-
0 n
10° - : 14 = —0222(3)
T T T T —0.8
0 1 2 5 4 5 6 7 O 1 2 3 4 5
Scintillator energy [MeV] Cycle time [ms]
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Scintillator spectra — Fall 2012

Requiring a shake-off e~ = decay occured from trap!
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Scintillator spectra — Fall 2012

Put in all the basic analysis cuts = clean spectrum!!
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Scintillator spectra — Fall 2012

600 -

500 -
400 -
300 -

200 - &

super—ratio asymmetry

100 -

0 Sy :
0 1 2 3 4 ) O 1 2 35 4 5
Scintillator energy [MeV] Cycle time [ms]

) Nov 20, 2013 _
Dan Melconian Ai iiME CYCLOTRQN !Nsrmne NSCL 33

IIIIIIIIIIIIIIIIIII



Scintillator spectra — Fall 2012
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® Comparison with GEANT4 simulation 1s very good! ]
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Scintillator spectra — Fall 2012
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® Comparison with GEANT4 simulation 1s very good! ]
® Much higher asymmetry observed compared to 1st attempt!
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Summary

@ SM is fantastic, but not our “ultimate” theory

® many exciting avenues to find more a complete model
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#® nuclear approach: precision measurement of correlation
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Summary

@ SM is fantastic, but not our “ultimate” theory

® many exciting avenues to find more a complete model

#® nuclear approach: precision measurement of correlation
parameters

#® Penning trap + RIB CI = cool physics
® (AC-)MOT + opt. pumping = cool physics
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The Mad Trappers/Thanks

TAMU: Spencer Behling, Mike Mehlman, Ben Fenker, Praveen Shidling
AMU/REU undergrads
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TRINAT: TRIUMF M Anholm J.A. Behr, A. Gorelov,

L. Kurchananov, K. Olchanskl K.P. Jackson
‘r% D. Ashery

Fundlng/Support
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