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2 GeV proton driver:
from Laser Spectroscopy to

Fundamental Symmetries
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Collinear Laser Spectrosco
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Collinear Laser Spectroscopy
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novel approz;:h: CLS in MR-ToF

* ion trap = long observation time 15
* 30 keV beam = high resolution

simulation

r=1 conventional CLS

first physics cases:
« 34?Mg: Island of Inversion

; 8: charge radii of Mg isotopes .
1 island of inversion — /
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30 keV MR-ToF:
new opportunities for purified beams

106 E T T T 1

e s L R T e — - = o]
= -

-

10° E - - E

0ty / E
10° —:/ - = = future MR-ToF MS (30kV) -
] SRR improved beam cooling ]

—— ISOLTRAP MR-ToF MS (2.3kV)| ]

resolving power

N AN S| |

102 HH——— -+
10 100 1000 10000

U -

0.1 -
time of flight / ms

faster isobaric separation in MR-ToF while keeping high mass resolving power
= higher ion flux through MR-ToF
= crucial for applications in medical isotope production, SSP, PUMA, or

fundamental symmetries

p -
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‘ PUMA: Pbar

=g L5

Storage of antiprotons at CERN/AD/ELENA
at the GBAR experiment
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Unstable Matter

Antiproton annihilation:
a probe for the nuclear
density tail

European
Research
Council

Alexandre Obertelli
TU Darmstadt

.. to ISOLDE at CERN
for unstable ion annihilation.

“Day one” physics cases
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>100
17Ne Proton halo
<0.010
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104-138§n | Progression of skin: Q"‘-‘
From 1.0(2) to 4.0(6)




‘ PUMA: Pbar Unstable Matter

Storage of antiprotons at CERN/AD/ELENA
at the GBAR expemmem‘

s
"'J// \.‘ " . \
L 4

PUMA

j ‘”" trap for antiprotons
: [ i .
J it

-' - m*l

:. 11
s "' —auit

PUMA trap

trap, electrodes
sealed and T=4 K
XHV

: Cynndrical tracker
atmospheric

pressure

pulse drift tube

50K
\4.(\\“ ITPC (m tracking) | -
—— ] 3 -

ultra high vacuufn _

Collision zone Storage zone
e >
-~ -

700 mm

ISOLDE GUI, May 2018, S. Malbrunot-Ettenauer

00€

Si;N,window

.. to ISOLDE at CERN

for unstable ion annihilation.

“Day one” physics cases

Antiproton annihilation:
a probe for the nuclear
density tail

European
Research
Council

Alexandre Obertelli
TU Darmstadt

" will benefit

\ Ppdriver )

from 2 GeV

Nucleus | Expected pn/pp
6He Neutron halo
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8He Thick skin
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1Lj Neutron halo
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17Ne Proton halo
<0.010
31Ne Neutron halo
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104-1388n [ Progression of skin:
From 1.0(2) to 4.0(6)
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Fierz term, scalar currents, and the case of 1°C

=

=
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8v
| K. K. Vos et al., Rev. Mod. Phys. 87, 1483 (2015)
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Fierz term, scalar currents, and the case of 1°C

superallowed 0*— 0* Fermi transitions
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Fierz term, scalar currents, and the case of 1°C

superallowed 0*— 0* Fermi transitions
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motivates new measurements

with state-of-the-art detectors

uncertainty
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HPGe detector with high precision efficiency

calibration pro

ram:

p lource measurements
- = >20different sources
.= =some made at ISOLDE

* scan of the crystal with
collimated source:

|||||||||||||||||

s’

[ exp.
Dosim,

full—enea\\ i

....................

nosition {erm?

Results for remaining
uncertainty in efficiency

_ Lt Ae<5%0 Ae<1.5%o0

P MHM ‘ul i

: :‘*L F 1 w ’TH]’ T T’ |
v e;ergy(kseV) -

| B. Blank et al., NIM A 776, 34 (2015) |

status BR of 1°C

 goal: <0.15% in BR

» focus on systematics

- 1st data taking completed at ISOLDE

 will benefit of future beam purification
capabilities

\S will benefit from intensity gain




‘ Vud, CKM unitarity, and ISB corrections 6.

superallowed beta decays K

Ft=ft(1+0,)(1+0,,—-0,)= = const

0.975 1

Vo | l { oy 5:

e (VP VLI + |V, = 0.99978 % 0.000 55

Date of analysis J. C. Hardy and I. S. Towner, Phys. Rev. C 91, 025501 (2015)

... provides unique bounds on vertex corrections (Vs) (LHC not sensitive)

%49k
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Vud, CKM unitarity, and ISB corrections 6.

superallowed beta decays

0.975
V.
of974 L { { { ¢ $.
0.973 t b
19190 20(110 20;0
Date of analysis J. C. Hardy and I. S. Towner, Phys. Rev. C 91, 025501 (2015)
... provides unique boutds on vertex corrections (Vi) (LHC not sensitive)
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Z of daughter

« intensively studied in experiment&theory
* scale approx. «Z2

» heavier cases: probe different &c models
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‘ Vud, CKM unitarity, and ISB corrections 6.

superallowed beta decays

Ft = ft(14+0,)(1+0 4

0.975
Vud

0.074 | { { {E $.

0.973

Vis|? + [V |> = 0.999 78 4 0.000 55

J. C. Hardy and I. S. Towner, Phys. Rev. C 91, 025501 (2015)

ds on vertex corrections (Vi) (LHC not sensitive)
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Parent nucleus

« heavier cases: probe different 5. models new opportunities
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‘ WISArD: Weak-interaction studies with 3?Ar decay

\AAA A

vector scalar

count>s

\AAAA 4

>E,

AEp

VVVVYV

catcher

\AAAA 4

« goal: limit on ag, of the order of 0.1% (factor ~6 improvement)

« future case: 2°Mg
* intensity gain in 32Ar and 2°Mg highly desirable

collaboration. Bordeaux, Leuven, | N. Severijns and B. Blank, CERN-INTC-2016-050 / INTC-I-172 (2016) |

LPC Caen, NPI-Prague
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Summary

will benefit from...

* MIRACLS: >**Mg, **%8Cd 2 GeV p driver
& 6 HA

e PUMA: 3INe, neutron-deficient Sn isotopes

e Fundamental Symmetry Studies
= scalar currents in light superallowed T=1 f decays: 1°C, 14O

= scalar currents@W!ISArD : 2°Mg, 32Ar 6 HA
= heavier superallowed T=1 # decays & ISB corrections: ®°As, 7°Br
= atomic parity violation with Ra ions (KVI) ?

PBC Nov. 2017 ﬁ'l‘_ﬂ




backup
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‘ WISArD: Weak-interaction studies with 3?Ar decay

Standard Model New Physics

Vector currents Scalar currents
dW Pe * Dv dW Pe * Dv
— =1+ =1 =
ds? E.E, df? E.E,

@; _ Seah .. -- 4_/' ‘\’_ ______ B &(’
large’ recoll Instead of small recoil
0+
0+

detecting the recoill
and the positron

32‘ I D. Schardt and K. Riisager, ZPA 345, 265 (1993)
E. G. Adelberger et al., PRL 83 (1999) 1299
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‘ WISArD: Weak-interaction studies with 3?Ar decay

Standard Model New Physics
Vector currents Scalar currents
dW De - Du aw De - Pv
- =14 =" =1 =
ds? E.E, df? E.E,
@;  Seeh .- 4__"' ‘\’_ ______ B M
large’ recoll Instead of small recoil

+
Detection of the proton 0
that contains the
information about the 32Cl B 32Ar
recoil (Doppler effect...) 0+ instead of

detecting the recoill

p and the positron
1S+p 32C| B e R

1994 9c
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FIG. 3. Summary histogram of the fractional uncertainties at-
tributable to each experimental and theoretical input factor that con-
tributes to the final ¢ values for the “traditional nine” superallowed
transitions. The bars for §} are only a rough guide to the effect on
each transition of this term’s systematic uncertainty. See text.

| J. C. Hardy and I. S. Towner, Phys. Rev. C 91, 025501 (2015) |
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