
Heavy nuclei in the 136Xe + 208Pb deep-inelastic reaction
using the AGATA tracking array



• N~126 neutron-rich nuclei: info on two-body 
interactions and single-particle energies

• Deep-inelastic experiment, so PRISMA 
needed to decipher the many reaction 
products created

• Main aims: 208Tl & 206Hg, cross-coincidence

• South and south-east of 208Pb is lacking in 
information, especially details of the excited 
states

• Obtain information on shell model states of 
nuclei along the N=126 line, and also where 
N>126 & Z<82

• The results will help produce more accurate 
predictions of systems of greater complexity



•Deep-inelastic transfer reaction with kinematic reconstruction
•Target like nuclei not detected, only the beam like
•136Xe+208Pb->137Cs+207Tl etc we detect 137Cs, and kinematic reconstruction 207Tl
•Neutron transfer and evaporation, many isotopes, 135-140Cs for example
•The heavy and slow target like nuclei cannot be identified unambiguously in PRISMA
•Identify the binary reaction partner, investigate the target, cross-coincidence
•PRISMA needed to distinguish many reaction products

Region of interest



• Legnaro National Laboratory (INFN) PIAVE+ALPI accelerator system

• 136Xe + 208Pb (1mg/cm2) at 940MeV, max intensity 1.8 pnA (→1 pna) 

• Deep-Inelastic reaction, cross-coincidence 

• AGATA (Gamma ID)+PRISMA (Mass ID)+DANTE (Reconstruction) 

• 3 ATC’s @ 3khz per crystal

• PRISMA at 42˚ with respect to beam-line

• Target at 45˚ with respect to the beam-line

• AGATA ATC’s at 90˚ to the beam line (horizontal) and distance of 18.8 cm

• On-line pulse shape analysis (PSA) and gamma-tracking

• No on-line analysis (blind), no analysis code, approx 8 TB of data

• DANTE (x4) ring at 58˚

• PRISMA dipole: 0.087 T Quadrupole: 0.076 T (Ratio 0.94), IC: 78 mb





MCP after alignment
and calibration. Markers
on the physical unit to aid
this process.

Pins to show
correct 
orientation.

Focal plane detector
at the entrance to 
PRISMA, gives position
information of incoming
nuclei. Also acts as a 
check for valid events
along with the MCP

TOF fine and 

coarse matching

MWPPAC focal plane detector, 10 sections. It
gives up, down, left, right, cathode, tof.



Z=54

Z=55

Z=56

Z=57

Z=53
Z=52

Energy deposited in first two rows of the ionisation chamber

Energy deposited in all rows of the ionisation chamber

No ToF, TKEL, or focal plane gates

Re-construct PRISMA trajectories (TOF, Path, 
length, radius)  ToF = MCP - MWPPAC

dE/dX proportional to  MZ2/E



R Beta = C (m/s) x B Dipole (Tesla) x Radius (m) x Beta Gamma

Use “Reaction” to calculate the most probable charge states, and assign them to
regions of this histogram. This is for one Z, can assume a increase of one in the charge
State for the next Z. Once identified and calibrated multiply by A/Q to get A  
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Each charge state comprise of several masses

Z=54

(Based on PRISMA trajectory reconstruction)



Routines developed 
to correct for these 
aberrations. Otherwise
the mass resolution 
would have been non-
existent.

Essentially remove
event by even a line
equal to the distortion.

Before corrections for aberrations

After corrections for aberrations

Z=54, q=41

Z=54, q=41



Z=54

q=41

q=40

q=39

Individual A/q spectra, gated for
each q. Linear fit applied assuming
most intense peak is M=136 (This
is easy when dealing with the beam)
Once the fit is applied we have a
calibration factor, so when added 
together and multiplied by A/q, we 
get the mass spectra below.





Example of current Doppler correction in action.  FWHM (~10-15 keV at 1.3 MeV)still not 
with in acceptable region. Currently working on resolving this via code.

1313 keV 136Xe

Z=54 & M=136



A B

C D

A = Blue
B = Red
C = Black
D = Green

1313 keV Peak

•MCP set to quarters via gates.
•Noticeable shift on peak energy.
•Shift past 1313 keV for A & B.
•Shift below 1313 keV for C & D.
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• AGATA/PRISMA/DANTE worked well and as expected

• One reaction channel taken to the end of the analysis chain

• Developed code working well, Doppler correction of target

• Gamma/Mass spectra reached

• Need to apply to all reaction channels (Z=53,55,56 etc)

• Re-run of experiment to apply gate information to the root tree

• Removal of the background/random coincidences

• Coincidence measurements to build level schemes

• Analysis into 206Hg and 207Tl



Two fully funded PhD
fellowships at the 
University of Padova to 
work with ancillary
detectors for AGATA 
and experimental
physics with AGATA.



•Final A/Q (un-calibrated) with 
aberrations removed

•Still some Dispersion from right to left
•Two distinct regions (beam/target?).

Fine and coarse matched
ToF spectra vs X Focal plane

Produces good mass spectra

Partial non-linear mass distribution



The ring of DANTE at 58°

DANTE: Detector Array for multi-Nucleon 
Transfer Ejectiles

A heavy-ion position-sensitive ancillary array

Even by event kinematic 
reconstruction

Used to increase overall
statistics due to its large 
solid angle coverage

No particle identification

Sandwich of micro-channel plates

Efficient detection of gamma-gamma coincidences

Mylar foil to facilitate electron production
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