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Introduction

Proton Rich lons: Why are they important?
Nuclear Physics - -
= Oscillation of spin-isospin mode

' = Predicted in 1962 by Ikeda, Fuijii and Fuijita
- Gamow Teller )

First observed in 1975
Resonance //‘

= Charge Exchange Reactions (stable nuclei)

Candidates e = Beta Decay measurements (unstable nuclei)
Measures :
= |n the Ch-E Rx measurements, the 40% is
! missing (also in 3 Decay because of
Analysis Pandemonium effect)
' = One possible explanation is configuration
Results \ mixing that shifts the strength
Missing
Strength = [ decay is a forbidden process in general

//‘ = Resonance is outside the Q value (except
in some cases)
= Rare Earths above %6Gd are one of these
exceptions
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Introduction

Proton Rich lons: Why are they important?

Nuclear Physics
din = Quasi-magic in protons, magic in neutrons

his

* = Free neutron orbitals available (Extreme
Single Particle Model) lead to a narrow
resonance (the narrowest GT resonance
observed in heavy nuclei)

Candidates
= As Z increases, the resonance gets wider
Measures = Would be interesting to go up in protons
further than Yb (Systematics)
Analysis S : )
ome of these nuclei were already measured in the
Results Experimental Program of ISOL, the mass separator at GSI

ISOLDE - Rare earths chemically similar: they come together from the ion source
status = Nuclei closer to stability are produced in higher amounts i

= Saturation of the system and contamination (X ray tagging is not enough to clean)
= Possible solution: laser lonization (already tested with other nuclei, nice results)
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Introduction

Proton Rich lons: Why are they important?
Neutrino Physics

Neutrino Factories: &N %
— Pions and muons
Phases: Proton Driver Pm]?;;:»:ion chgcﬁlg % o
Candidates on coW
= Intense P beam . T " Phuse Cooling
Measures = Robust target e 2 Gy
= Strong magnet to collect ©’s RCS amon linae
Analysis = Muon Cooling
= Injection in a Storage Ring Acoelomtors
Results

8-50 GeW
recire.
linac

u—e'vy, =50%v,+50%v,

w —>ev,v,=50%v,+50%v,
M. S. Zisman et al, Proceedings of EPAC 2006, Edinburg, Scotland
A. Blondel et al, Proceedings of EPAC 2006, Edinburg, Scotland Muen Sterage Ring
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Candidates

Measures
Analysis

Resulis
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Introduction |2

Proton Rich lons: Why are they important?
Neutrino Physics

Th

€ de
Beta Beams: “MStapy of o
5Li and '8Ne s mp,e’ftllls,-;
2 2 o
P(v, — vy,) =~ s34 sin 26,3 sin? (%) + ¢34 sin® 265 sin® (&TEL) +
‘ . Ami, L\ Am?, L . [(Ami, L
N A o eos (6_ 4E ) 4E Sm( 4E ) 1672 ms
pearance B 0*I=1 0
Probability J = 13 sin 2645 sin 2693 sin 2044 A 18 i
S 1oNe
806.7 ms P. Zucchelli, 3 & Qc=4446
[“6pa. Phvs: Let. B532(2002) 166, 1ureg <S° !.f? Ty
Q, =3507.8 S ;
; L s o [ = e 1177 o A S
100% 29 1*:T=ﬂs 9 stable 10977 mA2I=0 0 9211% 31
3L 1gF
6 671 - — 18 18 +
sHe— Li+e +v, wNe—=>F +e +v,
Average E_ . = 3.51 MeV Average E_ .. = 1.86 MeV
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Candidates
Measures
Analysis

Resulis
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Proton Rich lons: Why are they important?

Neutrino Physics ™,
e
The synergy: UnsggCay o

€vq, °N b
Rare Earths over 146Gd ™ sin,feus

2 2 1
P(v. — v,) ~ s34 sin® 203 sin® (M) + 2, sin? 26, sin® (&mu ) n

1E 1B
B (o) k(25
Apearance ~
Probability J = c13 sin 2042 sin 2693 sin 26013
"”_f__x‘? ;" \ Feasible v’s source:
7 & o Nuclei that
N~ // ’ \, EC decay

152

*Yb+e - Tm+v, Q¢ = 5.47 MeV
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Neutrino Physics

Proton Rich lons: Why are they important?

The
The synergy: Moty or,
h
- Rare Earths over 146Gd  ™sin,fleus;
/1

Candidates

Measures

Analysis

Resulis

Red: CERN-Frejus (130 km)
Blue: CERN-Canfranc (650 km)

= 166, sin2 20, = 0.01
J. Bernabeu, C. Espinoza Y 3
arXiv:0905.2913v1 152 152

[hep-ph] 18 May 2009 Yb+e = Im+v,

w.u> r—‘n}{ T

0.04 ! -

Blue: CERN-Canfranc (650 km)
Red: CERN-Boulby (1050 km)
y = 369, sin? 20,5 = 0.01

QEC - 5.47 MeV
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Candidates [

Introduction = Radioactive nuclei ;

- » Good production (I will show it later)
- One single state mainly populated
- Small amount of other decay modes

- T,,small enough for reasons related to
Results the design of the ring (acceleration,
vacuum loses, etc)

- Larger percentage of EC than B*
J. Bernabeu et al, JHEP 12 (2005) 14

Measures

Analysis
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Introduction

Proton Rich lons: Why are they important?

Nuclear Physics Neutrino Physics

- = Open problems

= Interesting region to be

Beta beams
Neutrino Factories

Candidates studied = Study of Neutrino Oscillations
Measures i Prot_op rich nuclei (X-ray 3 Physi_cs beyond the _SM
selectivity) = Neutrino Cross-sections
Analysis = Nuclear Structure Physics = Good EC candidates for
= Missing Strength producing monochromatic
= The narrowest GT neutrino beams
Results resonance observed in = Development of new
heavy nuclei experimental techniques

= Development of new
experimental techniques
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Table of candidates (ENSDF1)

(EC#B*)/a | EC int. [%]

Parent Daugther 5 Ex Daugther I Qvalue Yield (ISOLDE)
D Half-life | branch of the | | to the level
MNucleus Nucleus decay of interest) Level [keV] [%] [keV] [atoms/pC)
Introduction | 145Dy 1455 Thzs 3im 100* 925 620 95 2678 2.9x108

3 ) 32eg 100* ki
Measu res "5l Mas 100" i 4300 3700
-__“__
. 154, Hfp 154 ] g 100* 6700 ;urrn. ult)
Analysis - -
Resulis

TEvaluated Nuclear Structure Data Files

09/03/09 Maria Esther Estevez 12



Candidates |

&7

- Y]
-

N

p Known information (high resolution measurements)
0+ 0.0 30456
152\‘1]
Q(gs)=;2|?;23 keV 20\; 1005 IG5 Logft 152Yb
. T 0g 537 L0+ v 1090.9 )
. 949.1 Nuclear Physics A
Introduction o 729 (2003) 337676
0.52 5.55 . Bé? 968
- A. Artna-Cohen
NDS 79 (1996) 1
Measures
Analysis e Logrt
0414 8§7.2 3.52 Lt " 482.4
Results 8.0 4.57 3116.3 458.6 482.3
E,=4987.6
35 505 41X '141.6' 141.7
2-) 1 1 b
123““33
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Candidates

&7

w L gH =
p Known information (high resolution measurements)
0+ 0 18557
aErgs \
Qig==4108 key' 15 C 100 % 169 Logft IG3  Logft
1.30 10.63 14902
|ntrOdUCti0n 0.0 11.05 1:53325 1450.7 10141490_4
- 140 1062 1052 T ] 1152
. 1151.9
Measures
1 50E r
AnaIyS|s Nuclear Physics A
729 (2003) 337-676
Results E. Dermateosian 00,60 5804 9 are Y i
NDS 75 (1995) 827 > o 34‘5'14-,[5
E,=3632
1.0 10.82 P13|] 130
2-) ll r 1 L
1o oHag
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Candidates

N

Known information (high resolution measurements)

] Intensities: Iy+ced 0+ 0.0 26.1 =
Introduction per 100 parent decays 15 6y,
TOT Va8
Measures i AR
H-’.
_ =
Analysis % &
§ 8 156y
Results = & e
2 Nuclear Physics A
— E,=34618 759 (2003) 337-676
""T
1+ ¢ 119 C. W. Reich
NDS 99 (2003) 753
e —— 53.8 s
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Introduction

Measures
Analysis

Resulis
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Introduction

About Production Rates

5He
18Ne
150Er
152Yb
156Yb

ISOLDE Yields (in atoms/microC):

1.6x107
3.5x1068
7.0x1068
No info. available
3.2x107

Looking at the
ISOLDE yields we see
that there is no real
difference in terms of
production under the
present ISOLDE
conditions.

Calculated using a p beam of 600 MeV and 6x10'2 particles per second (1pA)

It is possible to have better numbers in the future if these nuclei are to be
used in the new facility. Even if more exotic isotopes are needed,
techniques to produce them are in hand. A future beta or EC beam
facility will need higher intensities and will demand a MW driver any way.

= We need detailed experimental results on the properties of the EC- 3+
transitions occuring in these ions.

= We need to involve the persons that can provide a realistic estimate of
the production rate of these ions with the advent of the MW proton driver,
and its comparison with the production rate for light ions.
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Introduction

Measures

Analysis

Results

Table of candidates (ENSDF)

(EC+B )/ a

EC int. [%]

Parent Daugther : Ex Daugther | value Yield {ISOLDE
D1 Nucleus Nuclens | HalFie "’“:ﬁ:ﬂ:; o Lﬁ“aﬁlﬁﬁi Level E:EE‘J] [%] ﬂ[ke'#] [atﬂgns.rp[:] }
1 4855 Dyaz 4855 Thes 31m 100* 925 620 96 2673 2 G108
2 heeEran 42-Hoz 465 100° 38 0.0 (=7) 70 (+?) 6800
z :
g Mg 3 100*
To2eq | g3 V52eeF ey 100* i 4300 a700
-——“—
134 Hl s 14l ugs 100* 6700 ;Drﬁn ult)
9_ 1Y by 1545 Mas -u.aim; (7.2192.8) 33 133.2 T 4490 2x105
10 Hobre HoHoe +3m 2853047 -8 el Sok3 2033 Sxlds
1| gL, 15571L s 25ms !

e Tmer

Already

152
Yb measured !!

Already
' measured !!
Already

156
Yb measured !!

09/03/09
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Introduction

Candidates

Analysis

Resulis

PARENT:
DAUGHTER:

L

|SZE|.

Beam:
Target:

T1/2 (Yb) = 313
Tip(TM2)=8s, T;,(TM9*)=5.2s

GRAND-DAUGHTER: T,,(Er) =10.3s

8Nia T = 4,53 MeV/u
9Ru (96.53%) 2 mg/cm?

(optimized for the prodruction of Er)
at least 3 isobars in the spectra!!! ‘

(Experiment realized
in 2000 at GSl)

UNILAC | Beam

Mass Separator
Target

Detection equipment

== (el jieca)

R 5N 2 Sk,

cycle:16s

09/03/09
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~ Analysis and Results

KPeak: 152Tm (J°=2) 482 KeV 1" - 2 transition

Peak: '*Tb 620 KeV 1" - 2" transition

Q. = 5470 KeV

52Yb EC decay + contaminants

S2Er o decay + "**Dy EC
decay contamination x 0.12

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Channels




& Calculating the feeding e of events that go to E
(D. Cano et al, NIM A 430 (1999) 333) max
Ve di= ) Rfy —

/=1 \ Prob. of havin ini
. 0 . : g a countin i when
Introduction N of counts in' there has been feeding to E;
Candidates RESPONSE FUNCTION
anaida

(unique for each level scheme and detector)

Measures d; — Measurements . A
R; — MC (resp.to individual y) "» Expectation-Maximisation Method

BAYES THEOREM
- j; — |s not possible to invert R !! Thes(is P51 )

(S‘g;‘f;jgizzﬁgizjg;gzge;g;"g (J. L. Tain et al, NIM A 571 (2007) 738)

Results o F
d; (rebinned 40 keV) 1 & Rf W
Resp. MC fi=a— 2 R - WW“WW

Contaminants 18 DR, TN o
(...pileup, background...) INput i=l o R o M
Known levels =1 il

+statistical model f? et ol

+ gamma strength function ‘ o %0 00 oo b s €
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Introduction
Candidates

Measures

Analysis

152Yb

09/03/09

counts

10

10"

[T

Level at 482 KeV, transition 1+ -

P

2- of 152Tm

Recalculated spectrum of 1°2Tm

/ Experlmental spectrum of 1°2Tm

_/

5

g_ go.s 11
S TN ; "
C L hﬂ ifl
g_ '1o: ~ 1000 2000 3000 4000 5000 6000 7000 8000 131
- Q = 5435 KeV

| | | | ] | 1 1 1 | 1 1 | | | | | | | | 1 | 1 1 | 1 | | | | | | | | | | | 1 1 |
0 1000 2000 3000 4000 5000 6000 7000 8000

Maria Esther Estevez
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Level at 476 KeV,

transition 1+- 2- of "Ho 1 50
<4é—””—’—— IEEI'

Q =4115 KeV

1000 2000 3000 4000 5000 6000 7000 8000

E [MeV]

8 0
= 4
3"
10°
Introduction
10% =
Candidates -
10;
Measures ni
Analysis .
10 0
5
« 05
t_ﬂ
2 9

AT

N

g

1000 2000 3000 4000 5000 6000 7000 8000

transition 1+- 2 of %Tm 156

T \II\IHl T I:FFFFFll T \IIHHl =T ] -

Level at 115 KeV,

1000 2000 3000 4000 5000 6000 7000 800(
E [MeV]

relat. dev.
[=]
o [4)]

1
=
a

g

1000 2000 3000 4000 5000 6000 7000 800C

09/03/09
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‘ 10° — ?82 KeV Feeding to 152Tm obtained
102 7 968 KeV with the algorithm
= /_1090KevV —ec
Introduction =1 Mﬁhﬂj A TR
— | H : :’ql:bl. “'1. ﬂ'"LLJ_d.r"lT "h_.r"r:_-- A« PR
Candidates — I Lﬂqj Ay | !Li! LR
3 I )
Measures 107 - = —~— —
= Continuum
Analysis =
= At
141 KeV\:: 58 KeV e =319)
10° JL
_*'L‘FillllllliIIII|IIII|IIIIIIIIlIJIII|II[[|

0 1000 2000 3000 4000 5000 6000 7000 8000

E, [MeV]
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. Feeding to '°°Ho obtained with the
algorithm
. (T, = 18.55)
Introduction "
_ TF 1_—atéKev  Q=4115KeV
Candidates - 152KV
e
1 «—1490 KeV
Measures u
2 |-
Analysis 107
-4 -
- Continuum
10°[
= EC B
— Total (EC + B*) B
10-8||||.|J||I\I|II|IIII|IIII|II\I|IIII|IIII|I\I

09/03/09

0 500 1000 1500 2000 2500 3000 3500 4000

E, [MeV]

Maria Esther Estevez

co.

Feeding to '5Tm obtained with
the algorithm

156Yh

(T, =26.1s)

115 KeV Q = 3577 KeV

"
i Continuum

0

500 1000 1500 2000 2500 3000 3500 4000
E« [MeV]




' 4 2 10°
=
o
Qo
10° &
Introduction 102
Candidates 10k
Measures WL
Analysis 10.1_IIII‘Illlll\II|III\|IIII|\III|IIIIII‘

0 1000 2000 3000 4000 5000 6000 7000 8000
E [MeV]

-

relat. dev.
[ =]
[4)]

o
TTTT

e
3

“'o 1000 2000 3000 4000 5000 6000 7000 8000
09/03/09

o

- 152

Yb

60—

40—

20—

o IIIIani.—l_H.I.IJ_L_LJJJIIII|\III|II
0 1000 2000 3000 4000 5000

E, [MeV]

Nuclear Data Sheets
EC + B+=87.2%
EC = 29.3 %
Our Data:
EC + B*=88.3+0.7 %

EC=29.91+0.2%

A. Artna-Cohen
NDS 79 (1996) 1
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Introduction
Candidates 10
Measures E
Analysis

-

relat. dev.
[ =]
[4)]

e
3

1071

o .
TTTT]TTT

“'o 1000 2000 3000 4000 5000 6000 7000 800

E [MeV]

- 0 1000 2000 3000 4000 5000 6000 7000 8000

I

60—

40—

20—
0III|,|j|\||||ﬂ\IJH‘IIJ.I|II_I\|IIII|IIII|IIII|III
0 500 1000 1500 2000 2500 3000 3500 4000

Nuclear Data Sheets Ex [MeV]

EC + B+ =99.6 % E. Dermateosian
EC =54.0 % NDS 75 (1995) 827

Our Data:
EC+ B*=93.0+1.0%

EC =55.4£0.6 %

09/03/09
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. &
§ 10*
Q
10°
Introduction
102
Candidates 0
Measures ;
Analysis

T IIIIIII| T I=!=FFFFI| T II\IIHl 1 T I =
o

107"

e

1000 2000 3000 4000 5000 6000 7000 800C
E [MeV]

relat. dev.
[ =]
[ =) [4)] -

e
3

o

17000 2000 3000 4000 5000 6000 7000 800C

60 :j 156Yb

m

m

0: AN R R RN SN B A A
0 500 1000 1500 2000 2500 3000 3500

Nuclear Data Sheets = MeV]

EC + B*=90% C. W. Reich
EC=61% NDS99(2003) 753

Our Data:
EC + B*=65.1+1.0%

EC=4411+05%

09/03/09
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Conclusions

» The study of the phenomena of neutrino oscillations is of great interest and is one
of the physical motivations for the construction of a neutrino beam facility.

= As a source for this beams it has been proposed to use nuclei that decay by means
of the electron capture process, given that it is a two body process so the neutrino
energy will be well defined..

= These nuclei should decay mainly to one state of the daughter nuclei, have a bigger
EC than 3+ component, a short half life, a good production and small amount of other
radioactivities (alphas, etc). In this talk we presented 3 candidates in the region of
the rare earths over '#¢Gd, that fullfill these requirements: 152Yb, 159Er and 15¢Yb.

= For the design of the facility we need good numbers that we can trust, specifically
the feedings to the level of interest from which the neutrinos will be produced. This
information is already known from the HR technique, so we determined these
numbers for the three candidates with a different experimental technique, the Total
Absortion Spectroscopy, which is assumed to not suffer from the Pandemonium
effect.

= Our study confirmed the values for the feedings to the levels of interest in the
selected nuclei, except for the case of 196Yb, for which there is incomplete data
available, suggesting that this nuclei should be revisited using the high resolution
technique.
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Candidates

Known information (high resolution measurements)
1 5°Er Nuclear Physics A E. Dermateosian
729 (2003) 337-676 NDS 75 (1995) 827
Introduction
- Intensities: Iy per 100 parent 0+ £ R -
decavs
lg%Ersz
Measures N %z +%B+=100
FERD Q*=410813
: WOy, W If+ Ie Log ft
Analysis SIeF °° 14590.2 1.30 10.63
AR B
_\==|= ={?CSL§ 1450.7 n.a0 11.05
Results S & o
— : 1.40 10.62
G
g /
W & !
GH ¥ T 476.0 ¥ g9 55y 00540 @804
o 130 : 10.82
{2} 0.0
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Analisis

_ 90% o 100% EC
. 152Ey , 148D » 148Th
‘ (t,=103s) Q,=4934keV (.= 3,¥m) Qgc =2678keV  (t,=1h)

E (%8Tb,,— 8Tb,) = 620 keV

2 | Peak: '52Tm (J"=2)) 482 KeV 1" - 2" transition
- 310 i
Introduction S E -
— ]
. N
Candidates i =
10° = Peak: "**Tb 620 KeV 1" - 2 transition 3
Measures e "
- il %2Yb EC decay + contaminants c
1075
Results i
52Er o decay + '*?Dy EC
105- decay contamination x 0.12
i I
14
:JIIIIII|III|III|III|III|Il||l|ll|lIlll Jlll
500 400 600 800 1000 1200 1400 1600 1800 2000 2200
Channels
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Introduction

Candidates

Analysis

Resulis
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Main Nat{Ti)
crystal
235B8cmrIs6Ecm

Tape iranspost systenm

Gna deteclor

Radioactive beam atter being
separated and deflected 9C T @i mmx 10 mm
Tage — L H .~
Si detectors TT-—_ Beryllium
251 mm x 20 mm

@1TAmm S mhm
@174mmx.i5 um
&27 4 mm £ 055 mm
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MEWEE

KPeak: 152Tm (J°=2) 482 KeV 1" - 2 transition

Peak: '*Tb 620 KeV 1" - 2" transition

Q. = 5470 KeV

52Yb EC decay + contaminants

S2Er o decay + "**Dy EC
decay contamination x 0.12

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Channels




¢ Generating the spectra
» EC Component — coinc. with XR

.:\ =——— _ e
Introduction % i ; .
o 15000+
Candidates O l
Measures '
Results 5000?

Energy (keV)
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[ — HF - TAS - o
_I*_u!l:l_gI:EUS EC B TwoT [_EC ICIT T1/2 _ o
152'h 29 86,0299+02 88307 31 5435
150Er 54 996554+06 930+10 18,5 4115
156h 90044105 B5110 %1 3T
Introduction
Y
Candidates dl:v*lf? —
{2
S
Measures
Analysis = ____
Results
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P. Zucchelli, Phys. Let. B532 (2002) 166

= Study of Neutrino Oscillations
= Physics beyond the SM
= Neutrino Cross-sections

Project under study,
related to EURISOL
and EuroNu

ilia-Romagna
lonte-Maggiorasca

732%m_
~ npeutrino beam ——»
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Introduction

/ The Idea

J. Bernabeu et al, JHEP 12 (2005) 14

» These nuclei produce monochromatic beams when they

- decay at high energies in a long section storage ring.

Candidates ke Experiment A 1%
Measures = Controlling the ~ Driver T Acceleration to final energy d

energy of the G;G“ﬂ :
Analysis  leaving neutrino P |

: : Neutrino

IS possible to Beam Source
Results - preparation

measure with Decay

precision the ::“m Ring

. . acceieration
oscillation
aremeters. Acceleration -
P to medinm o \_/

energy ¥ Vv
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Experimental Techniques

Gamma Detectors "z
= We use Ge detectors to construct the level F& real foeding
scheme populated in a decay - : o

= From the y intensity balance we deduce the B-
feeding: ] ‘ ‘
S, = f
i . E T {1+ : 111 11l
f(Qﬂ f) 1/2 ! _ I P apparant feading
= What happens if we miss some gamma Tm ¥
intensity??? .

-Irl | J-".f.
1
Eff ~ 1% some gamma intensity is missed!!! I

Pandemonium effect
Introduced by the work of Hardy et al (Phys. Lett. 71B (1977) 307).

Several factors can contribute to this problem:

= Feeding at high energy, high level density, many decay paths, fragmentation
= Low efficiency of Ge detectors

= Gamma rays of high energy, which are hard to detect
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Experimental Techniques

Pandemonium effect

Since the gamma detection is the only reasonable way to solve the

problem
we need a highly efficient
device:

A TOTAL ABSORTION
SPECTROMETER

TAS

But we need a change in philosophy. Instead of detecting the individual
gamma rays we sum the energy deposited by the gamma cascades in the
detector. A TAS is like a calorimeter ! X

N 4 Y Ge N T TAS

§ A

- E + E E
ET,}ETl E ?1 ¥,
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Candidates

F Pandemonium effeCt (Hardy et al, Phys. Lett. 71B (1977) 307)

Father ~ Ge — construct level scheme
vy intensity balance — B-feeding

Introduction

Eff ~ 1% some gamma intensity is missed!!!

/2
~~
- ly1 = fragmentation of the strength:
]

detection of the weak gamma
Measures Daughter rays difficult

] = gamma rays of high energy
Analysis are hard to detect
Results T ce
ll J we need a highly efficient device:
woon m: A TOTAL ABSORTION
SPECTROMETER

o TAS
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