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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 3 decay
@ lon 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

the atom
from the very ..... scales ...
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Scope of fundamental physics
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Scope of fundamental nuclear physics
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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
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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 N 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 N conservation of
changes in vector potential electric charge, q

and there are other symmetries too:
time <« energy
space < momenium
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
# 12 elementary particles, 4 fundamental forces

ist ond  3rd Q mediator  force
) L
§ e L4 T —1 w*
o . } weak
P OO0
% s —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

&
The““Standard Model

# quantum + special rel = quantum field theory
#® Noether’'s theorem: symmetry < conservation law
# 12 elementary particles, 4 fundamental forces

and @ 1 Higgs boson @

1st ond  3rd Q mediator  force
g AV 0 g strong
"g e L4 T —1 Wt
- 7o } weak
%’ U C t —|—2/3
% d) \s b —1/3 ~ EM
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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??

v it predicted the existence of the W+, Z,, g, cand t
~» and now the Higgs!
v/ Is a renormalizable theory
v GSW = unified the weak force with electromagnetism
v QCD explains quark confinement
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That’s all fine and dandy, but. ..

does the Standard Model work??

v it predicted the existence of the W+, Z,, g, cand t
~» and now the Higgs!
v/ Is a renormalizable theory
v GSW = unified the weak force with electromagnetism
v QCD explains quark confinement

240 Apromben bl

= - 1
32209 w3 3 ay = 5(9 — 2)
:lzoo : i Tk

S 180 | ™ | 41 part-per-million!!
X 160 - e = (PRL 92 (2004) 161802)
§140 ] Experiment Theory |
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That’s all fine and dandy, but. ..

does the Standard Model work??

v it predicted the existence of the W+, Z,, g, cand t
~» and now the Higgs!
v/ Is a renormalizable theory
v GSW = unified the weak force with electromagnetism
v QCD explains quark confinement

240 Apromben bl

= - 1
32209 w3 3 ay = 5(9 — 2)
:lzoo : i Tk

S 180 | ™ | 41 part-per-million!!
X 160 - e = (PRL 92 (2004) 161802)
§140 ] Experiment Theory |

Wow .. .this is

@ ‘the most precisely tested theory ever conceived! I @
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But there are still questions ...

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

@ dark matter: SM physics makes up only 4% of the energy-matter of
the universe!

@JJ baryon asymmetry: why more matter than anti-matter?
@j strong CP: do axions exist? Fine-tuning?

@JJ neutrinos: Dirac or Majorana? Mass hierarchy?

'¢» fermion generations: why three families?

(2 weak mixing: Is the CKM matrix unitary?

@; 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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How we all test the SM

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

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

® cosmology & astrophys: SN1987a, Big Bang nucleosynthesis, ...
® muon decay: Michel parameters: p,d,n, and &

@ atomic physics: anapole moment, spectroscopy, ...
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How we all test the SM

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

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

® cosmology & astrophys: SN1987a, Big Bang nucleosynthesis, ...
® muon decay: Michel parameters: p,d,n, 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 we all test the SM

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

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

® cosmology & astrophys: SN1987a, Big Bang nucleosynthesis, ...
® muon decay: Michel parameters: p,d,n, 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!)

July 5, 2017
AiiM CYCLOTRON INSTITUTE REU talk

TTTTTTTTTTTTTTTTTT

Dan Melconian -7



How does high-energy test the SM?

Compact Muon Solenoid

direct search of particles

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

-8
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How does hiah-enerav test
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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 (&Y
Penecener K[t | creomon msmmure "Rk 8




How do we test the SM?

nuclear physics: radioactive ion beam facilities

‘ indirect search via precision measurementsl

Nuclear Landscape

4 less than 300 stable | 4‘ o
terra incognita

known nuclei

proton number Z

-

neutron number N
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How do we test the SM?

nuclear physics: radioactive ion beam facilities

‘ indirect search via precision measurementsl

Nuclear Landscape

i less than 300 Etable_ |

proton number Z

known nuclei
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How do we test the SM?

nuclear physics: radioactive ion beam facilities

‘ indirect search via precision measurementsl

Nudm hnduaw K500 SUPERCONDUCTING CYCLOTRON FACILITY

CYCLOTRON INSTITUTE 45
@ TEXAS A&M UNIVERSITY

less than 300 stable ;

v smaller collaborations
v’ contribute to all aspectsCaD
v’ “table-top” physics Lz
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How specifically do I plan to test the SM?

#® Begin by looking at the rate for 5 decay
basic decay rate
EW GVl
dE.dQ.d),, — (27)°

-~

peEe(Ao T Ee)2
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How specifically do I plan to test the SM?

#® Begin by looking at the rate for 5 decay
basic decay rate
EW  GL Vi)
dE.dQ.d,,  (27)°

-~

peEe(Ao T Ee)2

Tlﬁ [Mév]
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How specifically do I plan to test the SM?

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

basic decay rate B—v correlation  Fierz term
W G2|V,al? R 5 De * P, I'm
— = eEe Ao — Ee 1 v - 7 b -
I, (2np PPl Je({ttas gt b
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How specifically do I plan to test the SM?

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

basic decay rate B—v correlation  Fierz term
. ~ > 7 ~ — —~
CW GVl g 4, mye (14 gl 4yl
dE,dQ.dQ,, (2m)5 eVl e " E.E, E,
scalar vector
~——eo—
’g —$ —
_ —lCsP? =104 _ CvPHICy )P
oy = TICsPHICEP “ov = Jov PO P
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How specifically do I plan to test the SM?

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

basic decay rate B—v correlation  Fierz term
. ~ > 7 ~ — —~
CW GVl g 4, mye (14 gl 4yl
dE,dQ.dQ,, (2m)5 eVl e " E.E, E,
scalar vector
~——e0—~
% — —
_ —lCsI? =104 _ |GV PHIC )P
oy = TIOsPHICLP “Wv = oV PHC, P

OV PGP (OS2 - |2
ag, = = 177
POV + |CL 2 4 | Cs 2 + O
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How specifically do I plan to test the SM?

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

basic dssay rate B—v correlation  Fierz term
W G2 Via? oo (" PP Tme
= = FE. (A, — E, 1 , b——
I, (2np PPl Je({ttas gt b
_ G P HICVE —1OsP = [C6l® o

agy, =
POV + |CL 12 4 | Cs 2 + O

This correlation is quadratic in the couplings. .. not as sensitive as
the Fierz parameter, which is linear:

—2Re(CECy + CLCL)

br —
TGV R G2+ O]+ (O

= 077

see Gonzalez-Alonso and Naviliat-Cunéi¢, PRC 94, 035503 (2016)
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How specifically do I plan to test the SM?

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

basic decay rate B—v correlation  Fierz term
d°W Vo oo (" PP Tme
= - FE (A, — E, 1+ ag, —= b——
I, (2np PPl Je({ttanpp-+ b
(1) e\ Do P XDy
~— - |Ags—+B,—+ D
+ 7 3 ) + o + E +
—— =
B asym v asym T—violating
eu,'é
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How specifically do I plan to test the SM?

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

basic decay rate B—v correlation

oW
dE.dQ,dS,
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How specifically do I plan to test the SM?

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

basic decay rate B—v correlation

oW
dE.dQ,dS,

Goal must be < 0.1% to complement LHC

Naviliat-Cunéié and Gonzalez-Alonso, Ann. Phys. 525, 600 (2013)
Cirigliano, Gonzalez-Alonso and Graesser, JHEP 1302, 046 (2013)
Vos, Wilschut and Timmermans, RMP 87, 1483 (2015)
N | ’
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Drecoil

How to acheive our goal?

@ perform a g decay experiment
on short-lived isotopes

Dan Melconian
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How to acheive our goal?

/d! )
"ZMZ}" ® perform a 3 decay experiment

\\Qe on short-lived isotopes
W 1%

] ® make a precision measure-
cv ment of the angular correlation
parameters

Drecoil

. July 5, 2017 _
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How to acheive our goal?

Drecoil

@ perform a g decay experiment
on short-lived isotopes

® make a precision measure-
ment of the angular correlation
parameters

@ compare the SM predictions
to observations

Dan Melconian

T
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How to acheive our goal?

Drecoil

@ perform a g decay experiment
on short-lived isotopes

® make a precision measure-
ment of the angular correlation
parameters

@ compare the SM predictions
to observations

® look for deviations as an
iIndication of new physics

Dan Melconian

T
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How to acheive our goal?

/d! )
"53\\:\\;/'/‘33 ® perform a 3 decay experiment

%6 on short-lived isotopes
W 1%

] ® make a precision measure-
cv ment of the angular correlation
parameters

Perforn, an
u

an

Drecoil
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C.S. Wu’s experiment — Parity violation
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C.S. Wu’s experiment — Parity violation
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a7 LUCITE ROD
/ PUMPING TUBE FOR
Nal VACUUM SPACE

415 om ® SO much scattering!

# low polarization

| L‘éﬁeﬁﬁﬁ%’?a‘;cs # short relaxation time
@ poor sample purity

# pain to flip the spin

® need long ¢/,
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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 3 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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T = 2 superallowed decays

0, T=2

//+
0", T=2

B Stable

— B 7=1

(] T7=2

® [ — v correlations

® model-dependence of §. calcs seem to dependon T ...
® new cases for V,

. July 5, 2017 _
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T = 2 superallowed decays

0t, T=2
[ ]
0r,T=2 107Ti
/, gv “Pure Fermi decay” < minimal nuclear
structure effects
Decay rate is simply given by:
vector .
/’/;* D+ 1, I'm
? YA peEe(AO_Ee)2€(1+aﬁypEe Epl/ ‘|_bF Ee)
scalar ey e
e
2
L .

#® | 0 — v correlations

® model-dependence of §. calcs seem to dependon T ...
® new cases for V,
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B — v correlation from 32 Ar

VOLUME 83, NUMBER 7 PHYSICAL REVIEW LETTERS 16 Aucust 1999

Positron-Neutrino Correlation in the0* — 0% Decay of 3?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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B — v correlation from 32 Ar

VOLUME 83, NUMBER 7 PHYSICAL REVIEW LETTERS 16 Aucust 1999

Positron-Neutrino Correlation in the0* — 0% Decay of 3?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)

—~ . 27 . . e e —

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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B — v correlation from 32 Ar

VOLUME 83, NUMBER 7

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 the0t — 0% Decay of 32Ar

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

H. Bichsel,! and the ISOLDE Collaboration®
‘tment of Physics, University of Washington, Seattle, Washington 98195-1560
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)

— . 27

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
iInformation about the 5
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But why throw away useful information??

We can improve the correlation measurement by retaining
iInformation about the 5
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
iInformation about the 5
utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!

magnetic field B

electric field

L4
cyclotron motion
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But why throw away useful information??

We can improve the correlation measurement by retaining
iInformation about the 5
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
iInformation about the 5
utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!
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A Penning trap at T-REX CI/TAMU

K500 SUPERCONDUCTING CYCLOTRON FACILITY
TEXAS A&M UNIVERSITY - CYCLOTRON INSTITUTE
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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 3-delayed proton decays:

5 — v correlations, ft values/V, 4

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

production
target

BigSol
separator ANL-type

gas—catcher

' 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 3-delayed proton decays:
B — v correlations, ft values/V,4
® mass measurements, EC studies, laser spectroscopy, ...

o ;s‘a‘-‘”‘&"m
re-commissioned
K150 cyclotron
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Current Status
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Current Status
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Current Status
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Current Status
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Current Status
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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 3 decay
# ion trapping of proton-rich nuclei at T-REX

3. TRIUMF Neutral Atom Trap

# angular correlations of polarized 'K
# preliminary results of a recent run
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Almost as simple as 07— 07:

The 31-decay of >’ K

( 1225(7)s  3/2" )
37 +
19K '8
3/2* 0.022%
|
5/2* 2.07(11)%
— —
! ! 3/2% 97.99(14)%
|}
37A
r
\__18 y,

96

= Isobaric analogue decay
= strong branch to g.s.
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Almost as simple as 07— 07:

The 31-decay of >’ K

( 1225(7)s  3/2" )
37 +
19K '8
3/2* 0.022%
5/2* 2.07(11)%
—_— -
! ! 3/2% 97.99(14)%
|}
37A
r
\__18 y,

96

isobaric analogue decay
strong branch to g.s.

-
L)
2

polarization/alignment
mixed Fermi/Gamow-Teller

= need p = GAMGT/GVMF
to get SM prediction for correla-
tion parameters
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Almost as simple as 07— 07:

The 31-decay of >’ K

- r22ms o) ' isobaric analogue decay
K 3 ' strong branch to g.s.
3/2* 0.022% 7= . . .
< polarization/alignment
_ 52 _ 2.07(11)% - _ .
< mixed Fermi/Gamow-Teller
= need p = GAMGT/GVMF
Ly 32 97.99(14)% to get SM prediction for correla-
37 A 1 tion parameters
\__18 Y
2F 00"
get p from the comparative half-life: | p* = T 1
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The 31-decay of >’ K

Almost as simple as 07— 07:

p ppT—— = Isobaric analogue decay
K 3 = strong branch to g.s.
3/2* 0.022% 7= . . .
= < polarization/alignment
_ 52 _ 2.07(1)% - _ .
< mixed Fermi/Gamow-Teller
= need p = GAMGT/GVMF
Ly 32 97.99(14)% ’[9 get SM prediction for correla-
37 A 1 tion parameters
\__18 Y

. . | QF 10T =07 |
get p from the comparative half-life: | p* = ]:]—'t —1

Ope: +0.003% |

BR: £0.14% 3 Ft = 4562(28) = ‘p = 0.5874(71) I

t1/2: j:0-57°/0
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The 31-decay of >’ K

Almost as simple as 07— 07:

- ppT—— » isobaric analogue decay
K 3 = strong branch to g.s.
3/2*< 0.022% 7= . . .
< polarization/alignment
_ 52 _ 2.07(11)%

<& mixed Fermi/Gamow-Teller
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Measuring the lifetime at the CI

K500 SUPERCONDUCTING CYCLOTRON FACILITY
CYCLOTRON INSTITUTE &3
@ TEXAS A&M UNIVERSITY W%/
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/
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Mylar tape BC404 rop chmbr
Y P scintillator prop
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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
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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
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TE TE 0
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time [s]

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

= AFt=0.62% — 0.18%
and Ap=12% — 0.4%

P. Shidling et al., PRC 90 (2014) 032501(R) &
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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)
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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 bearr|1

M

| |
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 » beam ~— 15 cm——

ﬁeutrahz\; \
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)

Ion = bpam ~— 15 cm——
| |

Det
= lec
deqye 6

i

Electrostatic
hoops

=

fﬁeutralige
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 measurement chamber

# Shake-off ¢~ detection
~» Know decay occured from
trap

@ Better control of OP beams
~ less heating, higher P

® B ..a — Bop quickly: AC-MOT
~ petter duty cycle, higher po-
larization

#® Increased pS/recoill solid angles
~ better statistics

@ Stronger E-field (one day...)
~ better separation of charge
states, higher statistics

20" 229 thick
m IC
BC408 Be foil

Scintillator a

Helmholiz
coils

dOIN 1098y

olarization axi

Detection axis

Electrostatic

hoops
40x40mm?>x300m
Si-strip detector Light

254 m thick
SiC substrate
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Outline of polarized experiment
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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

Deduce P based on a model of the excited state populations

polarization
P1/2 I T /4/4 14 ) alignment
7 :
/ // // :
&
e B i
51/2 OF- i fluorescence

mp = —2 | 0 1 9 00 02 04 06 08 10 12
optical pumping time [ms]
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Atomic measurement of P

Deduce P based on a model of the excited state populations

polarization
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Atomic measurement of P

Deduce P based on a model of the excited state populations

polarization

"polarized” times

alignment

fluorescence
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Scintillator spectrum

Put in all the basic analysis cuts = clean spectrum!!
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Energy Spectrum Compared to GEANT4
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Asymmetry Measurement (briefly)
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Asymmetry Measurement (briefly)
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Asymmetry Measurement (briefly)
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Impact of Az Measurement

@ In terms of CKM unitarity, our Aﬁ result improved V,; by nearly

a factor of five: |V,4| = 0.981712 — 0.9745(25).
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Impact of Az Measurement

@ |n terms of CKM unitarity, our A result improved V,,; by nearly
a factor of five: |V,4| = 0.9817 15 — 0.9745(25).

#® In terms of right-handed currents, our result is the best nuclear
limit: My, > 351 GeV (in minimal left-right symmetric models)
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Impact of Az Measurement

@ In terms of CKM unitarity, our Aﬂ result improved V,; by nearly
a factor of five: |V,4| = 0.9817 15 — 0.9745(25).

#® In terms of right-handed currents, our result is the best nuclear
limit: My, > 351 GeV (in minimal left-right symmetric models)

#® Analysis of Fierz and second-class currents (E-dependent
observables) to be finished soon
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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 CIl = cool physics

@ (AC-)MOT + opt. pumping = cool physics

July 5, 2017 _133
}TQI CYCLOTRON INSTITUTE REU talk

TTTTTTTTTTTTTTTTTT

Dan Melconian



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 CIl = cool physics

@ (AC-)MOT + opt. pumping = cool physics

‘ Thank you for your attention! I
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