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Physics motivation
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Experimental techinque

Inelastic scattering 170 @ 20 MeV/u on 29Zr, 208pp, 140Ce, 207Pb targets
+ y-ray coincidence measurement

Heavy-ion scattering can populate giant resonances with large cross-sections ,
170 is loosely bound (S, = 4.1 MeV) > we can eliminate projectile excitation above 4 MeV

Experimental Setups@ LNL

\htillator array
ge volume LaBr;:Ce,
BaF,

AGATA Demonsirator

E-AE Telescopes
from the TRACE
project
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Silicon Telescopes and Scintillator Array in AGATA

» Active area of 20x50 mm?2
> Pixel area of 4x4 mm?
> Cooled to -30 °C

> E detector: 1 mm thick ; taBr3:Ce|deteCE0rst 0x20 cm)
i ; arge volume up to 9X cm

> Si-pad technology: 60 (5x12) pixels i
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The Experiment @ LNL

Q Performed 28 may - 5 june 2010

Q 7 Days of 170 beam @ 20 MeV/u

QTargets used: 208pp, 20Zr, 140Ce, 207Pp

» The experiment has run smoothly for the entire beam time period,

with an average beam current limited to 1 pnA (in order to keep the
single rates in the AGATA Ge detectors not higher than 20 kHz).

3 AGATA Triple Clusters . N ‘&»

20 small BaF, cystals
3 Large Volume LaBr

TRIGGER rate (Si+Y) 3 kHz
Single rate in AGATA 20 kHz

7 days, 1pnA

DATA Volume:
20 Tb (non compressed)
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Ejectile detection

Constraints on E*-E , allow to greatly suppress background and
select decay branches to g.s. or excited states

E-AE detector must have a high energy resolution for selection of
excitation energy (<1%) but also a large solid angle to increase
efficiency

Segmented E-AE detector from the TRACE project (--> D. Mengoni)

+ Si-pad technology, e

60 (5x12) pixels ST
- Large number of channels
 Active area of 20x50 mm?
* Pixel area of 4x4 mm? =
. Cooled to -30 °C -
- E detector: 1 mm thick NEe b O T ST |
« AE detector: 200 um thick
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Cross-section estimates

208ph GQR excitation - DWBA
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Sizable cross-section within ~6°
The detector covers a much
larger angle (A6 = 15°)

Many pads are too far from the
peak of the cross-section

We do not use about 1/2 of the
detector

The different kinematics for the

208Ph and °9Zr targets require
different detector positions
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Setup of the Si detectors

pipes of the cooling system

« 2 telescopes, only half of the goniometer
pads were used

« Adjustable angle from beam
direction

« Beam dump at the end of the
expansion chamber

TITITTrTE

I‘ut%t’tt

telescopes
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Data Replay and Presorting

1. Data Replay and Presorting using “"Narval
Emulator” (c++ program that emulates the AGATA DAQ)

(Same procedure for “Order to Chaos Transitions in warm rotating 174W nuclei”, AGATA
experiment @ LNL, spokesperson V. Vandone (University Of Milan), July 2010)

Step 1:
- Data Replay @ LNL using DAQ machines
(performed in September 2010, about a week CPU time)
- Pulse Shape Analysis and Energy calibration (6°Co, Am-Be)
- Generation of presorted Data Files:
- Gamma Hits Position and Energy information
(Data volume reduced by a factor of 20, without traces)

Step 2:

- Fine AGATA energy calibration (check gain stability vs time)
- Time alignment of AGATA crystals

- Event Correlation (AGATA detectors and ancillaries)

- Gamma ray Tracking

| ROOT Tree Files |

\

AN

)
2. Sorting to Extract physical information
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Data Replay and Presorting: calibration and linearity

AGATA calibration

-Energy calibration up to
9 MeV (AmBe(Ni) source)

- Detector linearity tested

Fine AGATA energy calibration

Gain Stability of AGATA Crystals
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Data Replay and Presorting: Time alighment

Timestamp difference distribution: AGATA detectors vs Ancillary [TA]
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Preliminary results: Si detectors

|GQR excitation|

w 300 .

.  Giant Resonance structure

" 250 clearly visible at ~ 10 MeV of

excitation energy for °°Zr
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« Also observed at ~ 12 MeV of
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Preliminary results: Scintillators

- 1 LaBr;:Ce detector

* Pink line histograms : gated time

* Blue line histograms : gated time + 170 detected in the Si telescopes (scaled)
* Green line histograms : g. t. + 70 detected in Si + E* = 2 - 5 MeV

LaBr - 1 crystal - **Pb 3 gated time + "0 + E*=2-5MeV| | LaBr - 1 crystal - 208p|, o* gated time + 70 + E* = 2-5 Me
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Preliminary results: AGATA Demonstrator

AGATA - 208pp 3- AGATA - 208pp 2+
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CALIBRATION Measurement with 15 MeV y-rays and the AGATA cluster

detectors (to be performed Dec. 2010 @ LNL, spokesperson F. Crespi )
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d No characterization performed with gamma rays up to 15 MeV
d Need for tests in this energy range of:
=  PSA (different algorithm needed?)

u Tracking ("The performance of gamma-ray spectrometers at high energies (several MeV)
can be greatly improved through intelligent spectroscopic analysis... “)*

= Linearity
dTest the impact on Doppler correction capabilities
d Relativistic Beams (GSI)
d Data useful to further test neutron gamma discrimination methods
developed for AGATA**

*"Intelligent Gamma-Ray Spectroscopy Using 3-D Position-Sensitive Detectors”,
C. E. Lehner, Z. He, G. F. Knoll, IEEE Trans. Nucl. Sci. 50, NO. 4 (2003) ** A. Atac et al., Nucl. Instr. and Meth. A 607 (2009) 554
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CALIBRATION Measurement with 15 MeV y-rays and the AGATA cluster
detectors (to be performed Dec. 2010 @ LNL, spokesperson F. Crespi )

The proposed test is intended to measure the AGATA detectors response
to 15.1 MeV gamma rays that are emitted by the 1+ -> 0+ M1 transition
in 12C* produced in the reaction:

D(1!B,y)12C + n @ E,.,. = 19.1 MeV

Q 45 MeV 11B XTU Tandem beam degraded to 19.1 MeV using gold foil in front of the target
O Target made of C;,Dg¢ with thickness of 490 ng/cm? deposited on a 0.1 mm tantalum backing
O Both the recoiling nuclei and the beam are stopped in the target backing
» This beam and reaction have been successfully used several times at LNL
for calibration runs, during experimental campaigns with scintillation detector arrays
(HECTOR) and in the EUROBALL campaign.



Summary

A Two Experiments were performed by the University of Milan group with the
AGATA Demonstrator @ LNL (R. Nicolini, D. Mengoni, May 2010 and V. Vandone
July 2010).

« For both experiments (~30 TB (compressed) of data on disk) the data
“replay” and presorting has been performed producing the root files that are
used for the final sorting (= data volume reduced by a factor of 20).

A Preliminary results were shown for the R. Nicolini, D. Mengoni experiment:
Measurement of gamma decay from highly excited states (GQR, PDR), populated
with inelastic scattering of heavy ions: fine structure, branching to low-lying states

Q Carefully verify the effect of gamma tracking algorithms response, especially at
several MeV energy. Check ancillary detectors performance (Helena, LaBr, Si) to
optimize gates.

Q CALIBRATION Measurement with 15 MeV y»-rays and the AGATA cluster
detectors (to be performed 30 Nov. - 2 Dec. 2010 @ LNL)

> Final Sorting to Extract Physics Results

Thank you for the attention
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Experimental techinque

Inelastic scattering 170 @ 20 MeV/u on 20Zr, 208pp, ... targets
+ y-ray coincidence measurement

Heavy-ion scattering can populate giant resonances with large
cross-sections

170 is loosely bound (S, = 4.1 MeV)
We can eliminate projectile excitation above 4 MeV
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Scintillator array

3 LaBr;:Ce detectors

« High efficiency
(30% higher than HPGe)

« Large volume
(up to 9x20 cm)

« Good time resolution
(< 1ns)

« Good energy resolution
(the best of all scintillators,
20 keV FWHM at 662 keV)

Helena BaF, clusters

« Large number of detectors
(20 crystals)

- Large solid angle
(30%)

« Good time resolution
(500 ps)
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Inelastic scattering as a tool to
search for highly excited states up
to the region of the Giant
Quadrupole Resonance:
208ph and °9Zr




