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The first move of the Cahéi_:l_ia_n' Penning-Trap _(CPT) -
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lon_guide /-babeher - F st e o 5 - 0

* Ton cooler divided by apertures into 3 sections.

Segmented Rods

 Permits a differentially pﬁmpcd system.fo -
remove.the He gasused to-stop thc 1ons in the
-gas catcher '

From

Enge
- . . Apertures
= g - DC Potential

«.RFQ ion guide canm be used in a mass selective
mode : :

* linear tra-p at the end of the REQ ion guide
transforms the continous beam into a bunched




Transfer of.online_reactidn products to.the _CP_T—
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‘Old’ isobar separator =~ - i e --: '

- ~ Constructed gasfﬁlled- c.ylin_d:ljical.Pfé_nﬂi’ng__tr'ap

-~ Used to suppress contamination .. - - -

"R ~ 1000 for-A ~100
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First online

Neutron
stars:

10 km®
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1.4 M,

Mass excess (MeV)
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Contribution of %3Se to the timescale of the rp-process ~ 32 s at
x-ray burst T~1.5 GK.
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G. Audi et al., Nucl. Phys. A 729, 337 (2003).

P. Moller et al., At. Data Nucl. Data Tables 59, 185 (1995). 1995 AME: G. Audi and A.H. Wapstra, Nucl. Phys. A595, 409 (1995).
SPEG: G.F. Lima et al., Phys. Rev. C 65, 044618 (2002). CSS2: M. Chartier et al., J. Phys. G 31, S1771 (2005).
w) FMA. A -Wohr et al., Nucl. Phys. A742, 349 (2004). CPT: J.A. Clark et al., Phys. Rev. Lett. 92, 192501 (2004).
HF: B. A. Brown et al.. Phvs. Rev. C 65. 045802 (2002).



Mass measurement of the r_p-pr—oéés_s_waiting-poin.t nuclide ®4Ge

Network calculatlon

= ) : _e-considers (p,y), (y,p), and [3 decay - .
CPT @'-ANL : he s solves dlfferentlaI equatlons for each X-ray burst T

Peak x-ray burst temperature
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Frequency applied - 1414335 Hz

Effective stellar half-life (s)

AM = -54344(30) keV
3 ] Temperature (GK)

Red lines delineate the range allowed by the 1995 AME.
Black lines delineate the range allowed with CPT result.

CPT: J.A. Clark et al., Phys. Rev.C 75, 032801(R) (2007).




Gas. purification and the mass of 22Mg -

‘Motivatien: - - *-test the unltarlty of the CKM matrix -

. uncertamty in the 21Na(p,y) rate 1n novae.:

Problem: : ‘Purlﬁed’ He gas centalned 22Ne whlch overwhelmed 22Mg yield
Solution: -

Bulld a ‘Ne trap’° a cryogemcally cooled charcoal trap

Mass excess (keV)

21
Na +p

-

(Q =5.502 MeV

Hardy 1974: J. C. Hardy et al., Phys. Rev. C 9,252 (1974). ) )

Nolen 1974: J. A. Nolen et al., Nucl. Instrum. Methods 115, 189 (1974). Seweryniak 2004: D. Seweryniak et al., Phys. Rev. Lett. 94, 032501 (2005).
Bishop 2003: S. Bishop et al., Phys. Rev. Lett. 90, 162501 (2003). CPT 2004: G. Savard et al., Phys. Rev. C 70, 042501(R) (2004).

Hardy 2003: J.C. Hardy et a|.’ Phys. Rev. Lett. 91, 082501 (2003). ISOLTRAP 2004: M. Mukherjee et aI., PhyS. Rev. Lett. 93, 150801 (2004).




ngh preC|S|on measurements: tests of the CKM matrlx unltarlty

“leAs 0f2004 46V had largest Q-value
uncertainty of the 9 most precise

__superallowed 0" = 0" cases

| III Tx;i{

3

. First méa_surémen_t of déubly-
-.charged ion-in-Penning trap

TOF (in arbitrary units)

TOF (in arbitrary units)

“*» Found-large deviations between
[V077] and other results =

-2.00 0.00 2.00 . -4, -2.00 0.00 2.00
Frequency applied - 3935412.50 Frequency applied - 3936060.80 Hz

« 7-of the 9 precise cases "have now

. Savard et-al., Phys. Rev. Lett. 95, 102501 (2005).
P = been studied.by the CPT

Q value difference between [Vo77] and all other data

© 2005 suney
® ATLAS Penning trap

Q value difference (keV)

15 20 15
Z of daughter parentZ

[Vo77] H. Vonach et al., Nucl. Phys. A278, 189 (1977).
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Double-beta-decay. of T‘e'_ljl-u__r__iurh'

CUORE .~ Three isotopes of Te can undergo double-befa decay:
L‘ — . e s 130] Isotope of primary interest for CUORICINO
o 130T e \ and CUORE experiments
b= | BP T130xe  Qpp=2527.122.1) keV Abundance: 33.8%

E} - f} Zi—— Thermal shisids 128T @ Although abundant, small Q-value means
BB double beta decay rate much smaller than

128 @
Q BB = 867.5(1.1) keV  Abundance: 31.8%

Z —— 120 Low abundance but can place best limits on
Y S Sb
_______ |\ Load shisiding 120Te electron capture and electron
o capture/positron processes
3
1208 ef* Q g =1700.5(9.9) keV Abundance: 0.1%

= X * Need accurate decay Q-values to _kno;;v-where to look
Array of 988 crystals: 1o resolution of CUORE detectors is 2-3 keV at 2500 keV

M'= 0,78 ton of TeO,
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« Now the uncertainty im the Q-values
are well within the detector resolution!

* Results determine where Ovf3f3
signatures would lie within
background lines (from 2!4Bi for

example)




Extendmg the reach W|th the CPT and other |on traps
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Measurements along the rp- an'dyp-pr_ocess_'_path :

<4 Waiting Point . Xe [ 1
— Expected rp-process path endmeQt

Pd
midpointg,

Mo N

Ir g

Sr E

1 A F

Kr|
: k Mass error (Audi 2003)
Se - 2 % H
. NL‘VC]‘ mcasurcd Applied frequency - 973191.0 Hz
= N |56 i Astro AMEO3
In 5 54 l ) l
Ni : [T ) [E] £:60 ' 7
28 30 32 34 36 38 40 42 44 46 48 50 L 0.9 I
e e 7 0.58 :
* More than 40 proton-rich nuclides measured - -~ 0.57 1 ,
over the past few years - : - > 0.56 1 :
C - 0.55 A

: = - |
« Most masses were determined to better than 10 keV/c? 0.54 1 I
E = 0.53 - 1
« 2Mo/**Mo abundance ratio sensitive to Sp(93Rh) in 0.52 ~-, !

15 16 17 18 19 2 21 22 23 24 25 26
So(°>Rh) MeV

J. Fallis et al., Phys. Rev. C 78, 022801(R), (2008)

particular supernova model ... or not?

A Y



Measurements of neutron- rlch nuclides from 252Cf ;

e CPT has measured ~ 70 nelitrop-

rich-nuclides using prototype gas
catcher delivery system over past
few years

e Trends showmg nuclel less bound
with neutron excess

. Chaliges location-of -
dripline, astrophysical r-
process path

* Goal: Measure = 10(i neutron-rich
masses with CARIBU which have
never been previously measured

Mass: CPT - AME (pu)

o

Recent CPT mass measurements

I CPT Measurement ||

‘ AMEO3 Uncertainty

L

T e R
i el lele el

1

1

189 N1

Pm

22Cf Heavy Fission Peak

94 96

Limit of AMEO3

104

O Recent CPT

O Previous CPT
measurements

Limit of current
CPT reach

r-Process Path

CARIBU Extracted Fission Product Yield

Il >10° [10°-10° J10%-10° [ ]10°-10*[]10°-10°




The second move: CPT to CARIBU.

ATUAS




" The Beta-decay Paul Tr‘a'p-(__BP_T)-___ S

Open geometry trap'used to det'ec-t e
decay produ_cts from ions at rest -

DSSD Plastic

\scintillator

Currently being used to study p —v
correlation in 3Li decay




.
Beta-neutrino correlation in 8

- measurements of the beta-neutrino

- carrelatlon are-conducted to search for
scalar or tensor contributions:from
exotic weak bosons. -

1.0

» neutrino-too difficult to detéct;— L
- correlation must-be inferréd from '
. nuclear recoil

L BPT B momentum/energy

0.4 0.6 0.8 B measured fromplastlc scintitlator and
Fermi Fraction of Transition DSSD

8Li > ®Be* + -+ v [ -_ : -, . 8Be-n_lomentum/energy determined
“ R from alpha-particle breakup
o+ a : : -

Q ~13 MeV

t,, = 0.808 sec




~1x10% SHe/s - -

production rate

Graphite
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60 MeV

SHe

Zeeman
slower

He | s trapping

rate -

m ) : ~1/ min

Transverse :
Kr coolin Photon |:|
carrier 9 counter




Single atom signal
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Photon countrate/ kHz

Photon counts
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He level scheme

33p,
Spectroscopy
389 nm 2°p,
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1083 nm

233,
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Nuclear charge radius 6f SHe.

®He spectroscopy \
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Csoto '93
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{/arga ‘94
V{/urzer ‘97
Eébensen'97
° Il\lesterov ‘97

Navratil '98

Pieper '05

1516 1.7 1.8 1.9 20 2.1 2.2 2.3

RMS Charge Radius of °He (fm)

L.-B. Wang et al., Phys. Rev. Lett. 93, 142501 (2004)



summary

_Loté_ of development

Laser Ion Enge Spectrograph
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_Loté of infer_esting— results

Astrophysics

Past 25 years have been a lot of fun!

Looking forward to the next 25 years!
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