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Inverse Beta Decay - Gallium anomaly
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Gamma decays as analogous probe

Interaction a2V —1 V2
raction R(y) = g G I(v) (2 + 1) [M”] PN
Neutrino flux, Nuclear N P
oscillation effects... physics input
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1Ge preparatory experiment

For *Ge, given the low BR (107°), one needs a long experiment (3 weeks).

Before running the final experiment we need to know:
* areaction to efficiently populate the IAS )
 gamma background in the region of interest

Test experiment
@ LNL!

@28 MeV

IAS

‘ h 2Ge(p,d)'Ge

e ¥y rays measured in AGATA

* Light charged particles
energies measured in
SAURON Silicon detector

SAURON




Why AGATA?

Gamma-ray tracking algorithm
Pulse Shape Analysis
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Counts/0.02 MeV

Why SAURON? With preliminary test results..
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Counts/0.02 MeV

Why SAURON? With preliminary test results..
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Do we see the IAS? Next steps?
Come to my poster and find out!

IAS? MSc thesis
Federico Simioni

— Very preliminary
(~5% of statistics)
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Cases with this setup: Pygmy Dipole Resonance INFN

skin € core

PDR has been mostly Q

interpreted as collective

PDR
oscillation of neutron GOR 0
skin against the core IIIILA \

5 10 13 20 &0
Excitation Energy (MeV)

n€>P

Strength
and Nucl. Phys. 106 (2019)]

[A. Bracco et al., Prog. Part.

Theory: Different approaches give different predictions
on collectivity, strength and line-shape of the PDR.

A broad systematic multi-messenger study is
necessary using complementary approaches.

&

SPES: PDR studies with proton inelastic scattering.

Courtesy of A. Giaz m




Cases with this setup: Direct reactions @70 MeV/u

* (p,3He): 0.1 mb (*®Ni - °°Co, “°Ca - 3%K...): 3He residues @40 MeV

* (p,3p): 10 ub (*®Ca - *®Ar, 3¢S _, 35|, 82Se _, 80Ge, 298pp _, 206Hg,
S0F@ _, 38Cr, 204Hg —, 202Pt. ..): diff. c.s. from Seastar

* (p,t) on proton-rich nuclei: focus on 2" and 0" states

$

P \ L E©)
7
@ Gamma-ray spectroscopy of exotic nuclei ) \\ déw
@ Recoil
@ Long lifetimes with fast timing (LaBr,) y

@ Very short lifetimes with centroid shift method (HpGe)

Courtesy of A. Gottardo m
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Neutrino physics with nuclei - Ov[3[3

Neutrinoless B Decay (OvBB)

Prom|§|ng _BSI_VI scenarios: Q_ZXZ\HZ _)A YN + e~
* L violation in laboratory

* Majorana nature of v..

electron

Two neutrino Neutrino-less

— Virtual 2-step process of the same type!

—




Spectroscopy and lifetime after (p,t) reactions

Characteristics of (p,t) reactions

e

werize CIE) v v v v|v|v
_— A

Sc Sc Sc Sc Sc SERSENSe

« Extremely selective for 0+ and 2+ states

* Proton energies required: 30-60 MeV

l Ca Ca Ca Ca G G

EEE] * Cross sections of the order of 10 to 100 ub

Ar Ar Ar Ar Ar A Ar Ar Ar

c1

Cl

—— CDSAM (p,p*y)

10 —o— nndc
e I
i
001 Lifetimes from 10-1000 fs can be measured with HPGe

Bcm (deg)

detectors in conjunction with light-particle detectors




Inverse Beta Decays for neutrino studies

The solar-v produced in the core of the sun is mainly v , since the weak
processes involved are the low-energy nuclear 3 decays and electron captures.

Nuclei with large responses for the charged weak currents are used to detect
the low-energy solar v_by inverse 3 decays.

Real time Electron Elastic Scattering 71 71 _
B 'pure scintillator detectbr ! ! ! !
10 inultra'p tillator detectd SEILGS98 + eeCNO VE’, —I— Ga —> Ge _|_ e :|
_ Solar Neutrino Spectra (x10)
pp[tO.G‘Yz] Scintillator + WC : energy recon. l
— Be[??%] Radiochemical :  counting exp.
*> 7%]
= | | peplx1.2%] ” "Ga low Q-value probes uncharted
g ::j :: ------- -:::‘-\-'\ Real time Water regIOnS Of the pp Chainl
;cn : L -:_ ) —E- ] ":eN[i14%] Cherenkov detectors
g —JI' - : vty ), eO+elf[x15%] OB[14%]
= I I ) ) ;
E LT Need for for reliable v-nucleus interaction
| Do I strength to extract low-energy v flux.
| Clexpl 1 1
| R B
1 1 /:I ! ] : : ]

10.0 20.0

0.1 0.2 0.5 1.0 2.0 5.0
Neutrino Energy in MeV —




PDR @ SPES: Technique & detector requirements

Proton gate

Norm. Counts

—
O_l

10°

10 15 20
Energy [MeV]

Scattered protons:

Energy Resolution:
1 MeV FWHM
Angular
Resolution: 0.8°
Angular Coverage:
6° (pile-up) - 18°
Fast Signal

Very Good Time
Resolution < 0.2 ns

High-Energy Gamma Rays:

Scintillators Detectors >
Energy Resolution > 7% @
662 keV

High Efficiency (1% at 10
MeV) > Large Volume
detectors

Good Time Resolution <
1ns

Courtesy of A. Giaz —



Beam requirements & Setup

We are performing similar measurements at CCB in Krakow with higher energy on Ni isotopes.
With SPES, we propose to measure Nd isotopes.

With SPES’s energies, PDR cross-section is

SPES Specifications reduced by a factor 2.
Energy Range 35 -70 MeV
Current min 30 nA We are using a maximum current of 2 nA in
Beam Spot Size ? order to correlate unequivocally in time protons
Time Micro Structure ? and gammas. At 30 nA, this seems not possible.

At 30 nA, can we use the proton detectors without

Setup Avalability pile-up?
Scintillator Detectors PARIS / LaBra:Ce
Proton Detectors To be build We must develop a dedicated detector array.
Scattering Chamber To be build

Courtesy of A. Giaz —



Beam requirements & Setup

We are performing similar measurements at CCB in Krakow with higher energy on Ni isotopes.
With SPES, we propose to measure Nd isotopes.

SPES Specifications . .
What is the of the project?

Energy Range 35-70 MeV i.e. when can we realistically expect to begin

Current min 30 nA working in the bunker?

Beam Spot Size ?

Time Micro Structure i What will be a realistic beam time assigned for
each experiment? A week? A month? A few
months?

Setup Avalabilit : : :
— P Y During and after the experiment (when there is

Scintillator Detectors PARIS / LaBr,:Ce no beam), will we be able to bring inlout the

Proton Detectors To be build detectors/electronics/targets?

Scattering Chamber To be build

Courtesy of A. Giaz —
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DI PADOVA

Ov[3p decay studies with the same method IS v s

With the same setup and methods discussed before, one can assess DBD nuclei

: - o,7,|n\(n OpTy | 1
Absolute experimental values for some My, E <f ? 44 >< % b7b >
. . . H
representative axial-vector dipole and vector
dipole NMEs can be used to check the model T.T—1 TAS
- - - 3

calculations and to get the effective couplings T IAS

A E(IA) E(GT) B(GT) B“WM1) I'*(M1) o"“M1)

®Ge 831 107 0.14 1.45 6.4 41

8¢ 958 0.075 0.34 3.0 30.0 150

%Zr 109  0.69  0.16 1.25 15.3 76

1Mo 11.1 0 035 2.7 43.4 170

ecd  12.1 0 0.4 0.88 18.0 51

BTe  12.0 0 0079 04l 8.2 17

BTe 127 0 0072 035 8.2 17

13Xe 134 059 023 1.03 25 45

Nd 144 011 0.3 0.54 18.0 35

"Ga 891 0 0.085 1.2 9.8 51

—



UNIVERSITA

Double-y spectroscopy for Ovf3[3 - theory orcL St

DI PADOVA

2 5 B 1 I I 1 1 I I I 1 1 1 I | I L] 1 1 I | 1 1 I I I 1 1 L 1 I I I L) 1 I ) I L] I 1 I I I 1 I I I 1 I I I I L] i 5
- Sl ' T -1 N
L : e T O™ VT 72<A<136 1 &
(] L —+ ® Ge ¢ Xe 1 5
EZ 20 :_ M + A Se @ Ba = %
3 C A Fe T © ] @
= b + ek 18
+ &% “E T 1 %
3 - T 1 2
< - | T 1 =
g 05L S e T q @
= C 00" - | T i é
S X - | 46<A<60 I i
& U I | oI — Dci’_

B 1 1 L ’I 1 1 1 1 I 1 1 1 l I L 1 1 1 I L | 1 1 I L 1 1 1 T 1 1 1 I 1 1 I. 1 I L 1 1 1 I L | 1 1 I 1 1 | 1 I 1 1 L 1 7] E

1.0 1.5 2.0 2.5 3.0 1.0 1.5 2.0 2.5 3.0
e M0, — 0g)
Strong constraints on M%
Considering analogue initial and Focusing on a similar
final states as in Ov2f3 transition operator
T-T~ + For equal energy gammas, 2y magnetic
+ — 10+ + :
|0i >W = |0,- >ﬁ5(DIAS) = WIOi >ﬁﬁ dipole operator (M1) and the Ovpf3

Gamow-Teller (GT) operator share the
same isovector spin ot term.

0ty =10
|fw |

+
f'pp
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Analogous probes for neutrino studies & oo Sun

Interaction R(U) — gﬁvG” I(v) (2]1' + 1)—1|Mu|2

W
Rate n p
Neutrino flux, Nuclear - ,
oscillation effects... physics input

C: Nuclear

¢ The charge exchange nuclear reactions of (*He,*H) / (p,n) He ——~ _t,
Ll  have been used widely to estimate NMEs associated with " ( an \p
O DBD and IBD GT NMEs. :

(&) Same initial state Z-1 .

charge "

&) Same final state . exchange = 3He

reaction
Similar

Observable doi

oceene  —o = Ki)Fe. qli(@) (2 +1)7'M"f

—




Analogous probes for neutrino studies - problems

Yinernatical factor

do; ’
Observable E—K(m Fi(a, @) Ji()? (2)i + 1) IM")?

Angular distribution NME

& 00 —T—T—T—TTT T
 The CER includes mixed interactions of the GT(to), £ 1 i
the tensor ([o x Y,]Y), and the vector (1) type 2 400l P .

— {6

* Angular distribution depends on the nuclear = 200l _
distortion ! i
for all states r c }
-~ :
100 |- \\_/ﬁ/,—. =
- tg -

] . 0 1 | 1 1 1 1
CER data do not provide reliable i O

/DANGER absolute NMEs values!
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Neutrino physics with nuclel - Ov(3(3 {7 oms s

DI PADOVA

The shape of the two-electron sum-energy spectrum enables to
distinguish between the 0v (new physics) and the 2v decay modes

e 2v2B : (A,2)>(A,Z+2)+2e+2v
continuum with maximum at ~1/3 Q
1.5+
0.90 1.00 1.10
K,/Q
Ov2B: (A, Z)—>(A,Z+2)+2e
1.0 i
i peak enlarged only by
the detector energy resolution
0.5+ -
o"
0.0 - , ' — a4~< Q ~ 2-3 MeV for the most
0.0 0.2 0.4 06 08 1.0 promising candidates

sum electron enefrgy / Q

—
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Gallium anomaly 5 st

Production rates for the outer Target

8ol S o . :
gE - U: 1.0 standard value
¢ :
s = 09
: 4
-=: o
£ 5 — T 08
=5 20 10 60 80 T00 20 T40 @
=]
Foof = 5
g F Y allK =) 07
8 el S 4 alllL N 9
3 il T s B 310¢ I3
g . g
< e Fr E
% - 300 0.6 -
F 0.09 0.10 0.11 0.12 0.13 0.14 0.15 8 10 12 14
2 20f Bré¢ half-life 732" Ge) [days]
&
0= 30 0 o %0 00 120 T40
Time since 14:02 on 05 Jul 2019 (d)
Explanations within the Standard Model
increased "' Ge half.life would lead to smaller matrix element for v+ " Ga: but the "'Ge  *kiririr
(section 2.1 and ref. [39]) half-life has been measured many times with different methods 6

in [38], all of which yield consistent results. So it is hard to

imagine a bias in these measurements.
new "'Ga excited state would imply a bias in the extraction of the v + "'Ga matrix % ¥ ¥rirsr
(section 2.2 element from the measured "' Ge half-life. Some very old experi-

ments claim the existence of such a state, but this has not been

e

confirmed in more recent observations.

stat. significance [o]
w

increased BR(* Cr — 51V*) would cause a bias in translating the heat output of the source to  **¥irir ’
(section 3) a neutrino production rate. Measurements of BR(*'Cr — 1V*) 1

show some tension, but it is far less than the shift required to

explain the gallium anomaly. 0.6 0.7 0.8 0.9 1.0
"LGe extraction efficiency one of SAGE’s calibration runs has revealed a large bias. Could ks "'Ge extraction efficiency &7
(section 4) a small, unnoticed, bias have been present in all gallium experi-

ments?
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Ov[3 decay and the role of Nuclear Physics 2 oS

OvBp decay suggested by theories BSM: promising process to observe L-violation
in laboratory, v a Majorana particle, v mass, matter asymmetry (leptogenesis)

Even mass Candidates are even-even nuclei which, due to pairing
pumber force, are lighter than the odd-odd (A,Z-1) nucleus:

48Ca, 76Ge’ 8286, QGZr’ 1OOMO,
116Cd, 130Te, 136Xe, 150Nd

electron

Nuclear mass

N, Z even

Z Two neutrino Neutrino-less

Atomic number
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DI PADOVA
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Source = detector

(Calorimetric technique)

i | Detector

s I ¥ ) Detector
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DI PADOVA
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DEGLI STUDI

Backup slides: populating the IAS P

"'Galp,n) "'Ge i

| Ep=35Mev |
T eaﬁ?mm
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B ;
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E$ 5 00049 ]
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= 98 g 5 ¢ Q7S
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DI PADOVA
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> B I .lOOM- ................................... ~1- z 3-5_,_ 150Nd
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Ov[3 decay and the role of Nuclear Physics bEcLI St

DI PADOVA

|
V. \ %
\ \ |
"\ \ m22
" . - S -
u
\

\ -~ =m -
L

\
\ \ \_\
\
\
\ *
VT - \ . "\\ N
\\ \

'@ Normal btdenng (NO) Inverted Ordering (10)

m, {lwell)me{luen}n +e( |u93|)n ]
—

.




UNIVERSITA

Double-gamma decay candidates (e oo s

Best candidate: “3Ti . mimic Ovpp *Ca decay

+ 10 10
¢, 1) The 17 MeV 0* DIAS is known 0 = 17.4
@O 2) Particle unbound, but particle decay is 1+ 12.6
Q highly suppressed (isospin forbidden). e
_|_
1) Difficult to populate (high energy 0%) 0
066 2) Extremely small double-gamma decay width:
< r Ir,.. = 10-8 S#:;[E
Yy tot 73.72%

* How to populate the 17 MeV 0" DIAS?

*0Ti(p,1)*3Ti @ 45 MeV

— isospin conserving and very selective (light particles) 46Ca 28Ca

> 0.28E+16 y >5.8E22y
0.004% 0.187%
2B~ 2p~ =75.00%

« How can we measure the 2y decay events?
GEANT4 simulations!
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MSc thesis work: GEANT4 simulations {12 s

Step1l Define setup & data processing
— Maximise the 2y detection efficiency ‘

Step2 Analysis of simulation outputs skl
— Isolate the M1M1 2y decays,
identifying the competing processes
*
[y [c [, (ev)  E'(Mev)

+ 10" 0.1 10 : :
0 17.4 * Internal Pair Creation (IPC), r/r_ =106

n M1 emission of an e e* pair vy IPC
1 12.6

ML e Y-cascade, 2 consecutive y FW/F,,: 108

decays through a 1" state

i
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MSc thesis work: GEANT4 simulations {12 s

Step1l Define setup & data processing
— Maximise the 2y detection efficiency

Step2 Analysis of simulation outputs skl
— Isolate the M1M1 2y decays,
identifying the competing processes
*
[y [c [, (ev)  E'(Mev)
+ 10" 0.1 10 : :
0 17.4 * Internal Pair Creation (IPC), r/r_ =106
n M1 emission of an e e* pair vy IPC
1 12.6
ML e Y-cascade, 2 confecutlve Y r /I =10°®
- decays through a 17 state Yoy
48T|
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Competing processes: y-cascade ) Deou Sruo
*®
e Yy-cascade: gammas emitted in cascade will have a discrete lyy Iy (ev) E (Mev)
energy. In most cases 4.8 MeV and 12.6 MeV. 17.4
N : 12.6
For multiplicity 2 events and setting an energy
— gate E +E, > 16.9 MeV, the energy difference
E.-E, spectra are quite different 1
E 1800F- — y cascade
S 1600F — yy decay
5 1400F
% 1200F-
&8 1000E
800~
600F- Only yy
400 events?
200F J
OWE‘.‘T;TT‘"’.‘T NI s i s o T SRS IS
0 2000 4000 6000 8000 10000 12000 14000 16000
E, -E, [keV]

—
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Competing processes: y-cascade 15 oo Sruv
*®
* y-cascade: gammas emitted in cascade will have a discrete lyy Iy (ev) EMev)
energy. In most cases 4.8 MeV and 12.6 MeV. 0t 220 17.4
M1
L . 1" 12.6
For multiplicity 2 events and setting an energy
— gate E +E, > 16.9 MeV, the energy difference Nk
E.-E, spectra are quite different 1 0t
E 1800F- — y cascade
S 1600F — yy decay
& 14005
S 12001
§ 1000F
800
6005 Only yy
400 events?
We can remove these events setting 00 2000 4000 6000 8000 10000 12000 14000 16000
an energy limit El- E2< 2 MeV E, - E, [keV]
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Competing processes: y-cascade problems bro Srup
Problem with y-cascade: if 2y correlation angle is low, [, (ev) E'(mev)
the 12.6 MeV gamma can deposit 8.7 MeV in one detector, R 17.4
scatter on it and deposit the rest where the other gamma hit M M1
1 12.6
=) Fake 2y events! -

1

100

Counts /1.0 deg

1

0 5 10 15 20 25
0 [deqg]

Counts / 10 keV

10

HLIW. L

0 2000 4000 6000 8000 10000 1200014000 16000
E, - E, [keV]

S
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Competing processes: y-cascade problems 15 peousron
Problem with y-cascade: if 2y correlation angle is low, [, (ev) E'(mev)
the 12.6 MeV gamma can deposit 8.7 MeV in one detector, R 17.4
scatter on it and deposit the rest where the other gamma hit M M1
1 12.6
=) Fake 2y events! -

1

100

Counts /1.0 deg

Counts / 10 keV

0 5 10 15 20 25
0 [deqg]

10

HLIW. L

We can remove these events setting 0 2000 4000 6000 8000 10000 1200014000 16000
an angle limit 6 > 25° E1 ) E2 [keV]

—

S
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Extracting multipolarity and double-y decay width 12 s

DI PADOVA

Once only 2y decay events are selected, since we are only interested in M1IM1
decays, we need to obtain their multipolarity and branching ratio.

With the two gammas angular correlation spectrum we can extract both:

ao Multipolarity of the decays
W(0) = ag[l + ascos*0 + a4cos”0] //j

Generated angular correlation Reconstructed angular correlation

3 0.014F 3 -
S, C e a, =0.95+0.05 =, 0.0051 a,=110%0.13
— - - — —
f:.Ro.omz . o *0%F
= 0.0121 = -

0.011F 002

01 -

00T 0.015

0.009F -

0.008}~ CLCH:—

0.007 - i

0.006:—.| | | I 1 0005(— ,

1 -0.5 0 0.5 1 —1 —0.5 0 0.5 1

cos(0) ' ' cos(8)




Extracting multipolarity and double-y decay width

Once only 2y decay events are selected, since we are only interested in M1IM1
decays, we need to obtain their multipolarity and branching ratio.

With the two gammas angular correlation spectrum we can extract both:

W(0) = ag[l + ascos*0 + a4cos*0]

@ ao Multipolarity of the decays

ap Number of 2y decays / € — I_W

Reconstructed angular correlation

From the double-y decay width I
XYY a,=1.10%0.13

a, =0.0075 £ 0.0003

=3

(4]
one can extract the of interest: @

=

820.22ra* Q7

Ly (MIMD) = =5 (et

[M?7 (M1M1)]?

and finally determine the Ovp3 NME!
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We took the first step...

« We found a method to isolate
and measure 2y-decay NMEs

ey Toc Ty (ev)
0+ 10" 0.1 10

M1
+
1

M1

0+

E*(MeV)
17.4

12.6

/

Stepl Defined setup & data processing
— Maximise the 2y detection efficiency

Step 2 Analysis of simulation outputs

— Isolate the M1M1 2y decays,

identifying the competing processes

Step 3 OvpBp NME determination
— Multipolarity and decay width extraction
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MSc thesis summary ' brcu St

We took the first step... [ Toc [ ev)  E'Mev)
0+ 10" 0.1 10 17.4
 We found a method to isolate 1+ "~ oo
and measure 2y-decay NMEs -
0+
g 7 0
Step1l Defined setup & data processing 2 100 -
— Maximise the 2y detection efficiency g T ﬁ
) ) ) - 8 10 = \ =gl ez%deg]
Step 2 Analysis of simulation outputs —— :
— Isolate the M1M1 2y decays, i
identifying the competing processes 1
0 2000 4000 6000 8000 10000 1200014000 16000 |
Step 3 Ovpp NME determination 5o Fe eV

— Multipolarity and decay width extraction
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MSc thesis summary ' pucu S

We took the first step... [ Toc [ ev)  E'Mev)
0+ 10" 0.1 10 17.4
* We found a method to isolate 1+ "~ oo
and measure 2y-decay NMEs -
0+
Reconstructed angular correlation
Stepl Defined setup & data processing ER: a,=1.10+0.13
— Maximise the 2y detection efficiency g . | a, = 0.0075 £ 0.0003
0.02
Step 2 Analysis of simulation outputs -
— Isolate the M1M1 2y decays, 0'015;_
identifying the competing processes /, 0.01
Step 3 Ovpp NME determination 0005,
—1 -0.5 0 0.5 1
— Multipolarity and decay width extraction cos(©)
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From simulations to experiment 1 ome s
PARIS
LaBr3 LaBr3 PHASE 0 - CCB @ Krakow:
> /7 .
LU ——| KRATTA (with segmented plastic scintillator in front) to
2 o gt — 1 measure the scattered tritons
L 7{‘ ?\;\\j P > 4 large volume LaBr, detectors & 2 PARIS
a B / % clusters for the measurement of y rays
LaBr3 Lgra Low intensity, only weekend runs
PARIS

1 BTU test in late April:

160

Test measurement

8 hrs, single « Beam: E=180 MeV and |= 0.4 nA
telescope

140

Energy pd1 [MeV] [MeV]

120

* Target: 100 mg/cm? of *°Ti (60%)

@ We clearly see tritons in the

energy range of interest

100

80

60

\\I‘\\\J\\\‘\I.I‘\\\|\\\‘\I\

20
Enerav nd2 IMeV1

—
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Backup slides: Double gamma decays DEGLI STUDI

—

Second order EM : EO = E1 + Ez

process where: - E,, E, are continuous E;
Eo
E
In 2015, a Nature paper reported its I —————
observation in competition with single-
gamma decay in **Ba: /[ =10® | _
¥y ¥ Single y Energy Distribution
e Using good time properties of scintillators R —
. - - : . 1600—M1E3
00} yy/y-decay + background
—— Compton scat. + background 1400__
 a00l 662 keV Jeoof-
ug:' ' 1000F-
g 200f i
2 E 800~
3 100 /\ 1 1 0 keV soof-
137Ba E
of 400_—
-3 = = 0 1 2 3 e
At (ns) F
C_ el b bea g laay

0 100 200 300 400 500 600
Energy (keV)
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Backup slides: populating DIAS in “®Ti

Ti(p,t)*®Ti Q =-10.6 MeV
*6Ca(*He,2n)*Ti Q = -8.36 MeV

50 T T T 40 T T T
Ca(®He,3n)*Ti Q = -5.01 MeV 401 300 wer 7 30 |- 450 v :
. 30 ~ gs DIAS - gs. DIAS
#Ca(®Ne,2°0)*Ti Q = -6.50 MeV RN = T -
10 | j10r .
0 = } - —~
I_HET Nuclear Physics A309 (1978) 329 — 34?: © Na.rli!-Hoﬂand Pubfi.rh.ing Co., Amsterdam . 25 500 MeV 1 g)
1.LE.7 Not 1o be reproduced by photoprint or microfilm without written permi from the % 20 L = (0))
-—
1 5 1 g
3 10 - - ©
EXPERIMENTAL DISPLACEMENT ENERGIES = 5 | ] N~
OF ISOBARIC ANALOG STATES IN THE 1f; SHELL t 0 ! ! | =] g
T T T
J J 35 O
R. T. KOUZES, P. KUTT, D. MUELLER and R. SHERR 15 | 550 Mev N m
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08540 D_
Received 27 June 1978 10 + —4 10 | - 0
5 4 5 F - %
" " LLY —
5OTIIIZ'.'I'I‘.TU 0 11 L 0 | =
800 J 457 MeV, 20' -30 O 30 60 90 -30 O 30 60 90 ;
—Q (MeV) _i
<

o : . " !
i
ENERGY (100 keV/division)

DCX “Ca(m+,n-)*Ti

TABLE V. Results of using Eqs. (1) and (2) to calculate cross sections for *2****Ca averaged

over 400-500 MeV.*

DIAS only® Fit DIAS + g.s.“
dofdQexp do[dQcac do/dQcac
Transition (ub/sr) (ub/sr) (ub/sr) x?
42Ca — 12T (DIAS) 0.747+0.109 0.747 0.498 5.24
M S T (DIASY 08556425 6855 6:987 132
*8Ca — **Ti (DIAS) 2.4940.284 2.49 2.43 0.04
TCa — V1T (85.) 0.094£0.047 0.418 0.0901 0.01
18Ca — *"Ti (g.s.) 0.02640.026 0.308 0.0663 2.37
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Nuclear Inst. and Methods in Physics Research, A 925 (2019) 184-187

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

A GsI(T1) detector array for the measurement of light charged particles in )

Check for

heavy-ion reactions Rk
P.C. Rout »%*, V.M. Datar®, D.R. Chakrabarty #, Suresh Kumar?, E.T. Mirgule?, A. Mitra?,

V. Nanal ¢, R. Kujur?

2 Nuclear Physics Division, Bhabha Atomic Research Centre, Mumbai 400085, India

b INO Cell, Tata Institute of Fundamental Research, Mumbai 400005, India

€ Department of Nuclear and Atomic Physics, Tata Institute of Fundamental Research, Mumbai 400005, India
4 Homi Bhabha National Institute, Anushaktinagar, Mumbai 400 094, India

‘@ 1200
t r
s 1000 - 1 6000
& &
2" 5000[
i=] -
3 00 -
Q [
2 w0 2.a+Csl . 40001
3 3. p+Csl 5 K
N 200+ 3000
] 4. v+ Csl ™
E N
Q 0 —|penasay -
= T | T 1 | | T T 2000
4 & 8 10 12 14 16 18 20 - P
Time (us) 10001 :
E T
Fig. 1. Selected ADC waveforms show different pulse shape due - ki ‘ |

. . L. B LA | TR A il T l. P
to protons, oc-partlcles,. ‘:md y-rays impinging on the CsI(TI) 1000 2000 3000 4000 5000 6000
crystal. In order to facilitate comparison the waveforms were Energy(arb )

normalized to the same height at t = 20 ps, and their baselines
were shifted to zero. The trace number 1 was due to a photon
conversion directly in the silicon photodiode. High-frequency
noise caused fluctuations clearly discernible in the data.

Fig. 4. A 2D spectrum between the ZCT and the energy of CsI(T1) detector which shows
the particles emitted in the '2C + 2C reaction are well separated by the pulse shape
discrimination technique.
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Feasibilit
Y * DCE mediated by strong interaction, BB0v by weak
4Ca('20,'Ne)*Ar @ 270 MeV interaction
’ * DCE includes sequential multinucleon transfer
mechanism
40Ca 41Ca 42Ca BUT
> * Same initial and final wave functions
7 * Similar operator ...
T K HK
N The idea of NUMEN is to go to more relevant
cases such as: 6Ge, ""6Cd, 30Te, 36Xe
38A 39 %
r :
Ar r There are experimental challenges:

* Large beam intensities
—— N _ * BB requires a radioactive beam ('®Ne,'®0)

_ _ * Some cases, not enough energy resolution
Measured: do(DCE)/dQ= 11ub/sr &% v detectors

Competing processes are at the
1% level F. Cappuzzello, et al. Eur. Phys. J. A (2015) 51: 145

—
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