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Sensitivity of the pre-equilibrium (p,a) reaction mechanism
to cluster preformation in several stable isotopes of Sn
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Inclusive (p,a) measurements on 112.116,120.124G5n
targets with a 150 MeV polarised proton beam at
several scattering angles from 15° to 60°

Two detector telescopes, mounted coplanar on

opposite sides of the beam direction in the 1.5 m
diameter scattering chamber

Standard AE - E detector setup with an
acceptance solid angle of about 1.1 msr.

500 um Si AE detectors
3” x 5” Nal E detectors
Target foils of

112,116,120,124Sn
(1-10 mg cm)
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Why did we do this?

Inclusive pre-equilibrium (p,a) studies indicate a-knockout process depends

largely on a-cluster
preformation probability in nuclel
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Studies of a-clustering in nuclei NB for equation of state for astrophysical properties, effect on
neutron-skin thickness, and o decay.

Also important to understand mass dependence of reaction mechanisms producing composite
particle emission
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E, = 100 MeV

--- knockout ]|

1l ___total

(9) |

scattering angle (deg)

Cowley et al., Phys. Rev. C 93, 034624 (2016)
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Unexpected and interesting feature of recent
Investigation at 100 MeV - pickup mechanism
now competes strongly with a knockout
process

d°s/dQdE (mb sr’ MeV-1)

In strong contrast with the trend at both higher (160
MeV) and lower (65 MeV) incident energies where

knockout appears to dominate

Analysing power as indicator of relative contributions

of knockout and pickup
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Cross section (mb)
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Knockout and pickup contributions to the total cross section of e.g. ®3Nb(p,a) reaction at incident
energies between 65 MeV and 160 MeV - strongly related to the large momentum mismatch

between the momentum transfer and the orbital angular momentum
momentum mismatch (MeV/c)
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The combined effect is an enhanced contribution of the knockout
mechanism at the lower 65 MeV and higher 160 MeV projectile
energies and an almost equal mixture of knockout and pickup in
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« Measure influence of isotopic mass (indicative of the
. preformation probability of a clusters) on the pre-
equilibrium  a-knockout cross section through
systematic investigation on selection of Sn isotopes
. _ (112.116,120.1245n) at 150 MeV (or better, 65 MeV)
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The experiment...

All previous successful polarised pre-equilibrium (p,a) reaction studies done at only few labs
iIncluding RCNP and iThemba LABS — of which only iTL may still be able to do it...?

« Simple, yet tried and tested method — many years’ experience
 However, facility constraints have made it difficult to perform these otherwise simple experiments:
« Old CAMAC interface, obsolete VAX-based XSYS data acquisition system — unsupported

« Expertise and support for the newer VME front-end and XIAFE/MIDAS back-end used in the K600
Spectrometer setup, or the XIA PIXIE-16 digital front-end and MIDAS back-end (time constraints).

« |deal opportunity to initiate a suitable DAQ/setup upgrade for A-line S.C. facility — future
experiments

« Maintenance of polarised ion source facility, staff training
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Mod | Ch Detector Purpose
0 0 Si dE, Left telescope dE

0 1 Si K-line polarimeter, Left E

0 4 Si dE, Right telescope dE

0 5 Si K-line polarimeter, Right |E

0 7 Pulser Copy of Pulserto LEDs |Pulser tag

0 8 Nal E, Left telescope E

0 9 Nal E, Right telescope E

0 12 I(l:wltjérgergf[or Beamstop Incident Beam Current
0 14 | Pol _down | Logic strong field Pol down

0 15 |Pol up Logic weak field Pol up




Digital data acquisition

Digital Trace
Detector signal (analogue) o0,
O ”nnunn
DUDD
nnﬂunn
> ] I:|I:|-I:.|:|':":'|::|
. :S|(;)W (ene:rgy) filter “2og,
Ay frlr] ? " >G>
| < :'
<> <> [\ Fast (trigger) filter
Analog systems use peak sensing « Digital systems much more efficient - values output by
ADC’s energy filter already digital (waveform digitizer)
In analogue system the signal peak  Whole trace can be stored
value must be “captured” into analogue
storage device like capacitor and “kept” * Only take filter sums (L & G) and reconstruct energy (filter
until digitized (permanent, requires amplitude)

electronic modules for proper shaping)
* In Pixie-16, real time processing continuously updated in

Digital value stored FPGA, and captured into event buffers (16 independent
ch’s)

During this ADC conversion system is

“dead” to next events - computer dead * Reconstructing the energy and incrementing the spectrum

time IS done by the DSP, so that FPGA ready for next data
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Features of the digital DAQ

« 12-16 bit 100-500 MSPS digitizing on input signals (14 bit, 250 MSPS, 8 ns sample period)

* Energy and time stamp recorded in list mode - Pulse height measurement with 16-bit precision

« CFD timing resolution

» [Fast 32-bit PCI data transfer interface (rates up to 100 MB/s)

« Trace capture up to 163 us long per channel

e On-board memory for 32K MCA spectrum

« Accommodates both polarity input signal, adjustable trigger and energy filter parameters

« Coincident data acquisition across channels and modules, shared triggers and run synchronisation

* Programmable pile-up inspection
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Thresholds and Pile-up inspection

Signal processed further if fast
filter condition met

3
36x10

-ttt P R B s

Pile-up flagged if two peaks are
not sufficiently separated so that
leading edge of second peak does 30 —

32 {—i—

not fall after the peak of first pulse. 5

Q 28 —

o

< z
Trapezoidal filter function od—+ 4 f£: |
symmetrical, thus for no pile-up,
two pulses must be separated by 4 5
atleastL + G s — _Slow Filter Outpul

_ - _ i ; | : Fast Filter Output

Pile-up depends critically on rise 20-0 ' ' = — ,'
time of the filter being used 56 58 60 62 64 66 68ps

Time

Pixie-16 module can test for slow channel pileup by measuring fast filter for interval “peakSep” after
pulse arrival time.

For pile-up, both signals zero energy
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DAQ and analysis suite

Decided to try Pixie Acquisition and Analysis Software Suite (PAASS)

Originally developed as part of the research efforts of the Experimental Nuclear Physics Group of
University of Tennessee, Knoxville and members of Oak Ridge National Laboratory for use with the
Pixie-16 electronics - DAQ and analysis components of the software come from packages
developed over many years by many people

Provides acquisition and analysis frameworks for the XIA Pixie-16 modules

Tested on CENTOS and UBUNTU e ‘

Data written in PLD or LDF formats

POLL2 run control provides stable and well
debugged DAQ system LY

SEpERERERT
wppp SEBRERERR

A modern scientific software package, -
supported and well documented e e I S

Adapted to interface with ROOT

Provide an extensible framework to run customisable experiments by creating simple experimental
“processor” code written in C++

Configuration file for channel / module setup
Xth Tastes of Nuclear Physics - December 2020



. »
Run Time: 00:34:31.87 POLL2 v <Version to Be fixed laf

Cak&htor : . . i e G e T
e °° ot 195493 Ke/s Trigger rates / monitor L Acquisition run control

Module 0: Serial Number 1085, Rd
. Using FIFO threshold of 50% (65536/131072 words).
Using Pixiel6 revision F
Arduino IDE
Starting run control thread
Starting command thread

{ ﬂ:: cos|
Co6 |

Audacity co7|

cos|
co9 |
c10|
c11|
c12|
€13(0.20
C14/0.18
c15] o

POLL: Toggling shared-memory mode
startacq

Starting list mode run

Acq started on Thu Jul 5 12:10:15
stop

Ending run

Run end status in module ©

Acq stopped on Thu Jul 5 13:04:52
startacq

Starting list mode run

Acq started on Thu Jul 5 13:05:03

-
[ <]

(NN NoRCNONo NN RN
== x

(<]
(=)

Screenshot 2072s 1.95 MB/s

™A m

pr270user@asouev2:~/Software/paass_usr/ij-paass-pr270/install/bin

“TWXIWXI-X., pr270user pr270user Jun 25 14:23
-rW-rw-r--. 1 pr270user pr270user Jun start.cmd * This channel is not walk corrected.
~FW-FW-r--, pr270user pr270user Jun 123 tcaltoxml.awk
-TW-TW-I--., pr270user pr270user Jun
-rw-rw-r--. 1 pr270user pr270user Jun . . .
=FW=-TW-r--. pr270user pr270user Jun Onllne/ Ofﬂlne anaIySIS /
~FW-FW-I--, pr270user pr270user Jun . .
-TW-TW-I--., pr270user pr270user Jun
pr270user pr270user Jun hIStOgrammlng

pr270user pr270user 2270798 Jun -4 2 Un_U0Z- + 100 VOUTITY

r270user pr270user 52743086 Jun - testrun_002-tree.root
gr270user gr270user 0 Jul run_@l@?diag * Histogram ids: 6050 to 6299 registered by Pr270PRocessor
pr270user pr270user 51 Jul run_010.pol .
pr270user pr270user 2298588 Jul run_010-hist.root * offline = 1
pr270user pr270user 13806426 Jul run_010-tree.root
pr276user pr270user 0 Jul shmout.diag
pr270user pr270user 100 Jul shmout.pol Running utkscan v1.2.29 (Aug. 11th, 2016)
pr270user pr270user 2268698 Jul shmout-hist.root utkscan: Retrieved 10569 spills!
pr270user pr270user 41501230 Jul shmout-tree.root
pr270user pr270user 0 Jul testout.diag utkscan: Cleaning up...
-rW-rw-r--. 1 pr270user pr270user 15264 Jul testout.pol utkscan: Read @ spill chunks
-rW-r--r--. 1 pr270user pr276user 2424386 Jul testout-hist.root utkscan: Lost at least @ spi Mod 0 Ch 12
-rw-r--r--. 1 pr270user pr270user 48390844 Jul testout-tree.root Pr270PRocessor : 13.56 user
[pr276user@asouev2 bin]s i [pr276user@asouev2 bin]s [] Entries 351968

Mean 186.9
Sid Dev 137

“TW=TW-r=--.
~FW-r--r--.
-rW-r--r--.
“TW-TrwW-r--,
-rW-rwW-r--.
-rW-r--r--,
-rW-r--r--.
~rW-rw-r--.
~rW-rw-r--,
-rw-r--r--,
“rW-r--r--.
~rW-rw-r--.

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

nNnununununwuwwwwwww

Simple command line run controls

« Channel parameter control, baselines

Ch &




« UTKSCAN - User-specific processor
 Much of the ROOT interfacing was developed as part of this collaboration - (https://dolosse.org/)

» |deal software package for smaller testing labs such as the MANDELAB at UWC

rootname << Globals::get()->GetOutputPath() << Globals::get()->GetOutputFileName () << ".root";
cout << rootname.stri() << endl;

rootfile new TFile (rootname.str().c str(), "RECRERTE");

roottree new TTree ("DATRA"™, "");

roottree —->Branch("dE energy", &t E energy):
roottree ->Branch("dE time", &t E time);

° Dolosse- Sca|ab|e roottree —->Branch("dE det", &t E det);
4 . roottree —->Branch("E energy", &t E energy);
and Maintainable roottree ->Branch("E_time", &t E time);

PhySICS Data roottree ->Branch "Cf_energy", &t CI energy, "t CI energy/D");
Ach|S|t|On roottree ->Branch("CI time", &t CI time, "t CI time/I");
roottree ->Branch("cntrate", &t cntrate, "t_cntratefI"];

(
(
(
(
(
roottree —>Branch("E det™, &t E det);
(
(
| (
(httpS-//d0|0339-0rg/) roottree ->Branch("isEdE", &t isEdE, "t isEdE/B"):;

for (const aute &it : E evt) {

DOIDSSE aute location = it->GetChanID() .GetLocation();
auto energy = it->»GetCalibratedEnergy();

aute time = it->GetWalkCorrectedTime () ;

if(!'isFirst && (time <« firsttm)) |
firsttm=time;
isFound=true;

}

if (PrntDiag)
myfile<<"Nal "<<location<<", time = "<<(time-firsttm) *s2ns<<endl;

t E det.push back(location);
t E energy.push back(energy):
t E time.push back((time-firsttm)*s2ns);:
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Current analysis of experiment

Very preliminary !!

Calibrations

PI1D

SiLR calibration run no. 518
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Current analysis of experiment

« Very preliminary !
« Alpha-particle yields
dEvs. E
hdEvsE
= 3 Entries \?234099
= [ Meanx  25.83
W oo Meany 3122
= — Integral 1.226e+06
r o] o] o
25— -[ eoosje2s73¢ 170
C of o] o
20F
15
10
5
T
1 111 T 11 1 | 111 | 11 1 | 111 | | -
G(] 40 60 80 100 120 140 160
E [MeV]
Mass function vs Nal energy
. .3 hMFVSE
S = | Entries 1234009
2 : ‘| Mean x 28.86
2 3.5 Meany  -6.007
% - Integral 1.225e+06
£ 4 o] s12] 21
C 317fz24803 133
c veo0] 473 0
-4.5— T
S
-5.53—
o
—6.53—
_?: 1 ‘I 11 .' I | 111 | 11 1 | 111 | 11 1 | 111 | | -
0 20 100 120 140 160
Nal energy [MeV]

dEvs. E
hdEvsE
% 35 = Entries 42383
2 Mean x 36.12
I:I.I=1 30 :_ Mean y 14.42
— Integral 4.234e+04
= ol o 0
o5l 042344 3o
C ol o 0
20
E
C %"a :
15 O rn‘.m
C ':“}?il
10—
5
C 1 11 I 111 | 111 | 1 11 | 11 1 | 11 1 | 11 1 | 11 1
G(} 80 100 120 140 160
E [MeV]
Mass function vs Nal energy
3 hMFvsE
[= - -
g - Entries 42383
g C Mean x 51.89
2 -3.5— Meany  -3.908
ﬁ - Integral 4.234e+04
E _4—_ B o e R i) V] V]
C 042339 44
E ol o 0
-4.5—
-5
-85
-6 :_
-6.5
_?: 1 11 I 111 | 111 | 1 11 | 11 1 | 11 1 | 11 1 | 11 1
4] 100 120 140 160
Nal energy [MeV]

Emission energy for Left Pol-up

hEtotLU
£ Entries 20297
3 gol Mean 59.78
o [
- Underflow 0
70:— Overflow 0
- Integral  2,03e+04
60—
s0f—
w0
30
200
10/
P S R B B
%0 40 60 80 100 120 140 160 180
energy [MeV]
T, 1. T, il
o+ ol oipt+oppt +oppt +oppt

apg =

2 2 (ph + ph)

(crE + aj,;) P+ (af
2 (}.‘JT + pi)

+ UJ}’%) p!

(R+1)(p"+p") - VA
2pTpH(R —1) ‘

Ay =

9 2
A= ( R? + 1) (pT — pJf ) + 2R (}.‘JT — I.'J‘L) + SPT'}"l

Xth Tastes of Nuclear Physics - December 2020



Current analysis of experiment

d®s/{dQ dE) [mb sr™ MeV™]

Analysing Power, Ay

Doubde Differential Cross Section vs. Emission Energy
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Thank you!
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Pre-equilibrium studies (hot topic!)
The pre-equilibrium emission of 3He and o particles into the continuum induced by medium
energy protons has been the topic of several studies over the past few decades.

Several recent publications, mostly iTL:

v' Cowley, Dimitrova, Zemlyanaya, Lukyanov, Van Zyl, Phys. Rev. C 93 (2016) 034624
v Felix S. Olise, Afis Ajala, and Hezekiah B. Olaniyi, Nucl. Eng. Tech. 48 (2016) 482

v Dimitrova, Cowley, Zemlyanaya, Lukyanov, Phys. Rev. C 90 (2014) 054604

v Dimitrova, Cowley, Van Zyl, Zemlyanaya, Lukyanov, Phys. Rev. C 89 (2014) 034616

v" Van Zyl, Cowley, Neveling, Buthelezi, Fortsch, Mabiala, Mira, Nemulodi, Smit, Steyn, Swartz, and
Usman, Phys. Rev. C 89 (2014) 034616

v' Cowley, Van Zyl, Dimitrova, Zemlyanaya, Lukyanov, Phys. Rev. C 85 (2012) 054622

All previous successful polarised pre-equilibrium (p,o) reaction studies done at only few labs
Including RCNP and iThemba LABS — of which only iTL may still be able to do it.

Simplest, yet tried and tested method — many years’ experience.

New understanding of reaction mechanisms involved.
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Analyzing power...

of _ ot

Analyzing power A, o«

of + ot

The measurement of the A, as function of scattering angle is also
powerful tool to examine the interplay between the two terminating

pPprocesses.

Ay much more sensitive to reaction mechanism than cross section.

A, insensitive to problems of DWBA with o magnitude
(ratio of cross sections)

Sensitivity to target properties should be noticeable in A,

Because A, angular distributions are more sensitive to
details of reaction mechanism than o, polarized
projectiles proved to be especially valuable for these

studies.

analyzing power

Bonetti et al. Nucl Phys

A499 (1989) 381
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