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What do we study?
• Exotic nuclei

• Stable nuclei found on earth are only a small fraction

• Other nuclei with different number of protons and neutrons are unstable

• Isotopes
• Same number of protons 

• Same chemical element
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How do we make them?
• Nuclear reaction called Projectile Fragmentation

• Accelerate stable nuclei to about ⅓ of the speed of light

• Break off a piece randomly by smashing them on a fixed target

• Collect the fragments

• Filter out the uninteresting nuclei

• Perform the experiment with them real quick!

• Big machines for tiny particles
• Cyclotrons accelerate the stable nuclei

• Fragment Separator selects the good ones

• Spectrograph measures their properties

• All these machines require strong magnets

• NSCL uses Superconducting magnets: more field for less current
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Projectile Fragmentation

Excerpt from “Nucleus Factory” by W. Benenson and W. 
R. Richards, © 2004 Michigan State University
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Experimental Setup at the NSCL
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• Nucleo-synthesis in stars proceeds via exotic nuclei
• How do stars make the elements we observe in the universe?

• Nuclear reactions in stars or supernovae produce exotic nuclei which decay back to 
stability

• Assembly of elementary particles in nuclei leads to complexity in the universe

• Need for structure but also reaction mechanism knowledge

• Quantum many-body system governed by strong force
• Many-body system governed by gravity: our solar system

• Quantum many-body system governed by electromagnetic force: atoms

• How do nuclear properties change when we vary the proportions of protons and 
neutrons?

• Learn about fundamental interactions such as the weak and strong forces and their 
associated symmetries

Why is it so interesting?
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A typical experiment…
• Chain of observation

• Phenomenon happens at the nuclear level

• Some or all particles are registered by detectors

• Signals from detectors are measured by electronics

• Data from electronics is read and stored by a computer

• Computer manipulates data and displays a representation

• Physicist looks at display and tries to understand the phenomenon!

• The last link…
• … is critical

• The displayer should accurately show the data in a representation that 
relates to the phenomenon as much as possible

• In practice that means showing each event in representations based on 
physical units
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Needles and Haystacks
• Accuracy of data representation is 

paramount
• for analysis and interpretation of experiment

• during data taking phase for proper diagnostic of 
experiment sanity

• At the NSCL:
• NSCL SpecTcl is an analysis program which can 

sort, filter and accumulate data in histograms 
(written by R. Fox)

• Histograms stored in memory need to be 
visualized and manipulated by physicists.  

• This is the purpose of SpecTk.

• User-friendly not enough, need Physicist-friendly!

most likely, associated with the low proton binding for the

two nuclei, 0.14 and 1.3 MeV, respectively. If so, the effect

would not have been observable in !e ,e!p" work, which
could only investigate more bound stable targets. It is clearly

of interest to investigate other weakly bound cases. However,

although many partial cross sections have been investigated

in knockout reactions [9–11], the majority do not fulfill the
stringent experimental and theoretical requirements for a pre-

cise determination of Rs.

The single-neutron knockout on the nucleus 15C! 1
2

+" lead-
ing to the 0+ ground state of 14C presents an almost ideal

case for a precision test. The initial state is halolike with a

neutron separation energy of only 1.218 MeV. Shell-model

calculations indicate very weak configuration mixing for this

state. The p -sd interaction set given by Warburton and

Brown [12], referred to as WBT, gives a spectroscopic factor
of 0.983, very close to the sum-rule value of unity for a pure

1s1/2 state. Other sets give very similar values. Therefore, the

sensitivity to the structure model should be small. The reac-

tion is also very favorable from an experimental point of

view. The reaction has been studied at 54 MeV/nucleon and

the spectroscopic factors were discussed [13]. The most in-
teresting result was a deviation in the shape of the knockout

momentum distribution, which was attributed to non-eikonal

effects in the diffractive-breakup channel. However, in spite

of this, the integrated single-particle cross section could be

accounted for in eikonal theory. From this work it is also

known that about 25% of the reaction populates excited

states in 14C. Determining the intensity of these branches

with a ±10% error will then determine the branching ratio to

the ground state to a comfortable error of ±2.5%. This

branching ratio combines with an accurately determined in-

clusive !15C, 14C" cross section to give the partial cross sec-
tion of interest.

It was decided to perform the precise determination of the

partial cross section at an incident energy of

103 MeV/nucleon. Using a higher energy than in the experi-

ment of Ref. [13] brings experimental advantages, which in-
clude the possibility of using a thicker target and, very im-

portantly, a marked improvement in the acceptance of the

spectrograph, both with respect to angle and transmitted mo-

mentum bite. On the theoretical side, the analysis becomes

safer because the precision of eikonal reaction theory im-

proves with increasing projectile energy, but this no longer

seems an important issue. We note in this connection that

five separate experiments on 8B obtained consistent spectro-

copic factors within a range of beam energies from 0.076 to

1.4 MeV/nucleon [6].

III. EXPERIMENT AND DATA ANALYSIS

Two separate experiments were carried out at the National

Superconducting Cyclotron Laboratory (NSCL) at MSU. In
the first, a secondary beam of 103 MeV/nucleon 15C was

produced by fragmentation of a 150 MeV/nucleon 17O pri-

mary beam on a thick beryllium target and subsequently pu-

rified by magnetic analysis in the A1200 fragment separator

[14]. This beam was transported to the target position of the

S800 spectrograph [15], where it interacted with a

149 mg/cm2 beryllium target. The residues were analyzed in
the spectrograph in coincidence with prompt gamma emis-
sions detected in an array of 11 position-sensitive NaI detec-
tors [16]. The spectrograph was operated in dispersion
matched mode for maximum momentum resolution at the
focal plane. A detailed discussion of techniques and analysis
in this part of the experiment has been given in connection

with a study of other radioactive carbon isotopes [17]. The
inclusive cross section, obtained from the number of detected

residues relative to the number of incident 15C projectiles,

was 137.0!71" mb without acceptance corrections. These are
discussed below.

The coincident gamma-ray spectrum, shown in Fig. 1,

was fit GEANT-simulated response functions, which account

for the efficiency of the detector array and distortions in the

response function due to the Doppler effect. Gamma ray en-

ergies for this calculation are taken from previous work [27].
To quantify the accuracy of the simulation, a calibration run

with stationary radioactive sources was carried out; for this,

the simulated data agree in intensity with the actual data at

an uncertainty level of 10%. The fit to the gamma spectrum

also included a previously observed continuum distribution.

The intensity and shape of this distribution are consistent

with measurements [17] of single-neutron removal from 12Be

and 16C, for which there are no gammas above 1 MeV. Fur-

ther, the fit includes a small contribution from a 0.98 MeV

stationary-source gamma ray associated with a 8Li contami-

nation in the target. The fit shown in the figure leads to

apparent absolute (not acceptance corrected) gamma intensi-
ties of 4.32!50"%, 22.4!23"%, and 3.4!10"% for the 0.809,

6.092, and 7.010 MeV peaks, respectively. (The intensities
are reported relative to the number of observed residues).
The input-output intensity balance leads to apparent popula-

tion branches (again not corrected for acceptance) of

FIG. 1. The !-ray spectrum from the reaction 9Be!15C, 14C
+!"X (filled circles) transformed, event by event, to the projectile
frame at midtarget. The response functions for each gamma energy

arising from this analysis have been obtained in the Monte Carlo

simulation. The approximately exponential component is the con-

tinuum contribution ascribed to neutrons and gamma rays from the

target. Its intensity and shape has been taken from [17]. The inset
shows the simplified level scheme of 14C indicating the states popu-

lated in this reaction.

J. R. TERRY et al. PHYSICAL REVIEW C 69, 054306 (2004)

054306-2
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Praise for Tcl/Tk
• A language for other people…

• … than just programmers and computer specialists

• SpecTk wouldn’t have been created without Tcl/Tk and BLT

• Tcl/Tk framework
• Client - Server network communications

• Bindings - great for graphical user interaction

• Incr Tcl
• Object oriented programming 

• Namespace encapsulation

• BLT package
• Graphs provide almost all desired functionalities

• Vectors are a powerful tool to store and manipulate data

• Trees offer flexible and easy handling of large lists

• Tabbed notebooks allow the most efficient use of real estate
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Architecture of SpecTk
• Network architecture

• Client of NSCL SpecTcl

• Flexible configurations

• Remote usability

• SpecTcl commands captured in 
server and dispatched to clients

• Internal architecture
• Histogram data contained in BLT 

vectors

• Two-dimensional data in vectors 
rather than arrays

• Graph widgets embedded in display 
classes

• Region-of-interest (ROI) objects 
used by SpecTcl for filtering
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A short aperçu…
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1. Tabbed pages
2. Select mode
3. Inspect buttons
4. Histogram title
5. Parameter name
6. Multi view legend
7. Magnify button
8. ROI display
9. Statistics button
10. Statistics results
11. Tool bar
12. Status bar
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A few last words…
• SpecTk mostly written in Tcl

• A few new Tcl commands are implemented in C++

• API from the BLT package allows direct manipulation of vectors

• Implemented commands:
• Create Tcl Photo Image from two-dimensional histogram data

• Filter data inside polygon in subset vectors

• Send histogram data in compressed binary format (SpecTcl server)

• Multi-platform portability
• Originally developed on Mac OS X

• Ported to Linux and Windows

• Foreseen improvements
• Histogram data manipulation (binning, arithmetics, …)

• Custom fitting

• User feedback!


