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ASACUSA  Italia
cognome nome TIPO Ricercatori        Tecnologi          FTE 

-------------------------------------------------------------------------------------

Corradini Maurizio   assoc Ricercatore       80    
Leali Marco  assoc x    100    
Lodi Rizzini Evandro   assoc Prof. Ordinario        
Mascagna Valerio    Assegnista        100   
Mazzotta Cristina    da assoc Ric. ENEA 50
Venturelli Luca   assoc Prof. Associato        100    
Zurlo Nicola   assoc Ricercatore        100    

Di Govambattista Giorgio tecnico 100

+ collaboratori Universita’ dell’Insubria-Como INFN Trieste 
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100 MeV/c (5.3 MeV)

AD is the only low-energy p sourceAD is the only low-energy p source

Antiprotonic atom formation 
and  spectroscopy;                

Antihydrogen formation and 
spectroscopy;                          

Atomic collisions;                   
Nuclear collisions

x
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+ L.Venturelli, N.Zurlo
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20112011
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� 2012
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2011 data taking

3D detector
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3D detector

before 2011before 2011 since 2011since 2011 Lighter modules
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3D detector 
4 modules

1 modules = 2 layers

1 layer = 64 scintillator bars (96 cm long)

64 bars -> two 64-ch multi-anode PMTs
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since 2011since 2011
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(Brescia Group)
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Enomoto et al. (BS Group) PRL 2010
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σσσσann (pA)  @ low-Energies (p<100 MeV/c)σσσσann (pA)  @ low-Energies (p<100 MeV/c)

p A A-1

π
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Asacusa Collaboration is (also) studing

σσσσann (pA)  @ low-Energies (p<100 MeV/c)

by exploiting the low energy p beams (AD & RFQD)

Asacusa Collaboration is (also) studing

σσσσann (pA)  @ low-Energies (p<100 MeV/c)

by exploiting the low energy p beams (AD & RFQD)

Data useful for:

• studing the Nuclear Force (investigating: the N-nucleus potential parameters,  
the processes of nuclear matter excitation following the annihilation,…)

• fundamental cosmology (T>70 keV-annihilation before nucleosynthesis, T<3 keV
after nucleosynthesis)
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Existing data on σ(NN) and σ(NA) @ intermediate energies

σ large (Black D. -> σ=120 mb )

elann σσ > (Black D. -> σann = σel )

due to: 1) long range interaction 
2) strong absorpion

Potential models reproduce the 
data if the annihilation potential
is strong up to 1 fm
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1≈σ (as predicted)
σann (np)      σann (pp)≈
� annihilation is Isospin
independent

3/2Aann ≈σ (as predicted)
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Existing data on σ(NN) and σ(NA) @ low energies

The scenario needs clarificationsThe scenario needs clarifications

( )
2

1
p

ppann ≈σ

due to:  Coulomb attraction

�

σann (np) 0.7 σann (pp)≈�

( ) 3/2AAnann ≈σ (at least for A>12)

� σann (pA) does not increase with A 
as expected

naive expectation:assuming

( )
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Imaginary part of S-wave scattering length

Protasov et al. EPJ(2000) Decreases with A
(in agreement with
atomic data and 
against the naive
picture where it
should increases
with nuclear size)

p <100MeV/cp <100MeV/c
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Experimental set-up
2 measurements:

( )MeV/c100=pp

( )MeV/c15≈pp

MeV3.5=pE(1)

(2) keV100≈pE

AD

ASACUSA for σannASACUSA for σann

done !done !

in progressin progress
RFQD DOG-LEGAD

CERN ASACUSA
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Solution:

• accurate settings of AD beam: multiple extraction
(10^6 in 40ns, 6 times in some seconds), no halo, …

• thin solid targets (only few events per spill)

• vertex detector (to select the annihilations in the target)

• strong reduction of contaminations:

• very fast changing of the target

( )
beam

events

N

N÷Apannσ

General set-up for E=5 MeV

counted by
Vertex detector

counted by Beam monitor &/or 
by Rutherford wall annihilations

Main problem: antiproton beam from AD is pulsed (10^7 pbars in 100 ns)
� even a small fraction of annihilations could saturate the acquisition

Main problem: antiproton beam from AD is pulsed (10^7 pbars in 100 ns)
� even a small fraction of annihilations could saturate the acquisition

• target vessel directly connected with AD (no 
material along the beam before the target)
• target close to the end of the detector & the 
end part of the target vessel is very large (to
reduce Rutherford scattering background )
• very long target vessel (to reduce 
contaminations from the beam annihilations )

solid target: 

Vertex
detector

Target 
vessel

2.5 m

Beam
monitorp from AD
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Strategy of the measurement for E=5 MeV

signal

t<t0

t=t0

t=t1

t>t1

Acquisition in (t0 , t1)

t1- t0=40ns 

1.5 m

~ few vertices reconstructed
per spill (in 40 ns)
~ few vertices reconstructed
per spill (in 40 ns)

p

p

p

p

Signal and background are well
separated in time thanks to:

• long target vessel

• short spill lenght

Vertex
detector
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Inlet flange 
to CERN 
beam pipe

gauge

810 mm

1
180

 m
m

400mm

1300 mm

electronic boards tracker
PMT

target parking vessel

Set-up for E=5 MeV

solid target

ionic pump
(240 l/s)

turbo pump
(200 l/s)

turbo pump
(500 l/s)

p

from AD 60 cm60 cm

detector
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trackertracker

targettarget

p

from AD
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Exploiting viewExploiting view

The Detector

2 cylindrical shells around the target

3 double-layers of 1 mm scintillating fibers

4 neightbouring fibers form a 
unique readout channel

�

� Reconstruct (and count) annihilation
vertices by tracking the produced pions

~ few vertices per spill (~ 40 ns)

• Good time and spatial resolutions
• High efficiency

Requisites:

(1 longitudinal, 2 stereo @ 20 °)
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Hardware & Software

Hardware

• 10 km of scintillating fibers (Bicron BCF-101, multicladding+extra-mural 
absorber)

• 2500 channels (4 fibers per channel, 42 Multi Anode 64 channels
photomultipliers Hamamatsu H7546B, readout boards with FE-EL Asic by Ideas
+ FPGA+VME acquisition)

Software

• Monte Carlo simulation program based
on Geant package

• Vertex reconstruction program based on 
a combinatorial algorithm (vertex corresponds
to the point of minimal distance between the straight
lines passing though the hits of the detector)

π+

π+

π−

π−

γ

γ

π0

x

x

x

x

x
x

x

x
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The Detector Performances

Test on prototype with e- beam @ L.N.F. and on the whole detector with cosmics:

• time resolution ~ few ns
• hit detection efficiency on a layer ~ 99% (95%)

Monte Carlo simulations:

• low contaminations from Rutherford scattering 
(when the target is @ z=20cm)

• vertex resolution: σx,y ~ 3mm, σz ~ 4mm

• vertex reconstruction efficiency ~ 60-80% 
M.C Vertex 

reconstruction 
efficiency

M.C Vertex 
reconstruction 

efficiency

Z-vertex (cm)

%
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The detector
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The targets

Targets:
860 nm of Mylar(C10H8O4);
240 nm Ni (Z=28,A=59) + support;
400 nm Sn (Z=50,A=119) + support;
115 nm Pt (Z=78,A=195) + support;

Support:
860 nm of Mylar

viewport

1

2
3

4

1300 mm

φ = 600 mm rotary-linear multi-motion

p
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Events reconstruction

Fiducial gate

times on the 6 layers (one spill)times on the 6 layers (one spill)

50 cm

Reconstructed vertexReconstructed vertex

Time (ns) 

(in the fiducial time gate)(in the fiducial time gate)

Ni (+Mylar) target 
@ z = 12 cm
Ni (+Mylar) target 
@ z = 12 cm

Typical eventTypical event

p

signal
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Sn + Mylar

Ni + Mylar
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R<2cmR<2cm

R<2cmR<2cm

Ni + MylarNi + Mylar

targettarget

Partial statisticsPartial statistics
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Relative annihilation cross-section vs A

77.249.3 ±=c

Best fit
result with

( ) p
ann cAAp =σ

24.051.0 ±=p

gives

( ) scann cAp σσ =

( )







 ++=
MRE

MmeZ
Rsc

2

0

2

4

1
1

πε
πσ

Best fit result with

31A12.184.1 +=R
See Batty, Friedman, 
Gal NPA 2001

)A0075.01/(A5.0 32+=Z

Mylar

Ni
Sn

Pt

MeV3.5=pE

MeV3.5=pE

signal

p p

( )
beam

events

N

N÷Apannσ

N.B.: beam counter
not-calibrated

quite good agreement!

Semiclassical with Coulomb attraction in 
the strong-absorption limit

Bianconi 
et al.

PLB2011

Bianconi 
et al.

PLB2011
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Absolute annihilation cross-section

Sn target positioned upstream to
count Rutherford events

z
ER

cZ
lnN

dz

dN
beam

wall

2

2 






= hαπ 2Rz ≥
From

( )barn9.02.4)Sn( ±=annσ

wallN

then from relative : ( )
( )barn   1.46.8)Pt(

barn   5.13.3)Ni(

±=
±=

ann

ann

σ
σannσ

lateral walllateral wall R>5cmR>5cm

R<3cmR<3cm

MeV3.5=pE

preliminarypreliminary
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antiproton annihilation cross-section

present 
experiment

present 
experiment

ASACUSA data:

• the only ones with medium-heavy
targets @ very low energies

• in agreement (1-sigma) with
theoretical prediction (Batty, 
Friedman, Gal NPA 2001)

scσ

Bianconi 
et al.

PLB2011

Bianconi 
et al.

PLB2011
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antinucleon annihilation cross-section

in yellown

p other colours
@ p     100 MeV/c≈

( ) ( ) 112=≈ AApAn annann σσ

( ) ( )pppn annann σσ 7.0≈

For very low energies (p<100 MeV/c)
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σσσσann (p-nucleus)  @ 100 keVσσσσann (p-nucleus)  @ 100 keV

?

MeV/c15≈⇔ ppkeV100≈pE
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RFQD DOG-LEGAD

More difficulties:

• further antiproton deceleration - Epbar: 5 MeV->100keV (RFQD & DOG-LEG)

• more background

• very thin targets needed

(             ) from the dog-leg (concrete wall)µs2.2=τe−− µπ

Rutherford annihilations on the target vessel
p

2
p E

1

E

1 ÷÷ annRuth σσ (huge target vessel)

�

�

Measurement @ 100 keV
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Targets ( Φ= 5-8 cm):
50-70 nm of C;
some nm of metal (Ni, Sn, Pt, Pd) + support;

Support:
70 nm of C

Targets made by sputtering
metallic layers on carbon:

Made @ TUM

Why very thin targets ?

µmR ≈

Scale dimensions:

Target thickness

Target radius

antiproton range
(@100keV) 

cmD ≈
nm10≈∆x

antiprotons scattered at          will stop in the target

target

π

p

o90≈

very thin targets neededvery thin targets needed

For C target (50 nm) the expected pbars @ 
rest are much less than in-flight annihilations

(120keV)beam106 p

N.B.: Overestimated: 
proton S.P. used!

fromfrom

SRIM simulationSRIM simulation@ rest@ rest

in-flightin-flight

scσ
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In order to increase the signal and to reduce the background we need: 

Set-up for E=100 keV

new experimental set-upnew experimental set-up

huge target vessel (L=2m,Φ=1.2m)

our “Hbar” detector 

Usable as:

Large scintillator (only
time info with high rate)

Vertex detector (time + 
spatial infos but low rate)

To separate signal on the 
target from other annihilations

�

�

beam monitor
p
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Annihilation
on the target

Monte Carlo simulations for 100 keV

M.C. dataM.C. data

M.C. dataM.C. data

Clear separation
between signal and bckg

M.C. dataM.C. data

antiproton beam from exp.data

FWHM=110ns

Exp. dataExp. data

annihilation eventsannihilation events

annihilation eventsannihilation events

C(70nm)
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Monte Carlo simulations for 100 keV

just for example

Vertex reconstruction efficiency= 2% 

Vertex reconstruction resolution: 

cm8=xσ cm2=zσcm2=yσ
For space info

For time info efficiency= 53% Large increase is possible with different
configuration of the modules/bars
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detector for E=100 keV
Used also for Hbar experiment 4 modules

before 2011before 2011 since 2011since 2011 Lighter modules



L.Venturelli –Brescia Consuntivi 2011 ASACUSA   INFN-Pavia 20/6/2012 59

detector for E=100 keV
Already used for Hbar experiment

4 modules

1 modules = 2 layers 1 layer = 64 scintillator bars (96 cm long)

64 bars -> two 64-ch multi-anode PMTs
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since 2011since 2011
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20112011
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� For the first time the σann of antiprotons on medium-heavy nuclei (Ni, Sn, Pt) 
have been measured @ low energy (5.3 MeV)  (on a pulsed beam!) by the 
ASACUSA Collaboration

A black disk model with the Coulomb corrections is compatible with
the data

an extension of the measurement down to 100 keV is in progress�

�

Lear dataLear data

ASACUSA 
(done!)

ASACUSA 
(done!)ASACUSA 

(future)
ASACUSA 

(future)

Summary σσσσann (pA)  @ low-Energies (p<100 MeV/c)Summary σσσσann (pA)  @ low-Energies (p<100 MeV/c)
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ASACUSA: CONCLUSIONI e PROSPETTIVE
• ASACUSA (e in generale exp. @AD):

• Risultati scientifici di valore

• Ottimi riconoscimenti:

- Miglior risultato di fisica del 2010  (ALPHA+ASACUSA ) secondo Physics World

-Pubblicazioni su NATURE:

1 di ASACUSA(2011), 2 di ALPHA (2010,2012) (+1 su NaturePhysics),

1 di ATHENA, 1 a LEAR

-Diverse Press Release del CERN

• Nuovi investimenti (ELENA)

• Gr.Collegato INFN Brescia:
• Ben inserito in ASACUSA

• Poco costoso

• Importante supporto dell’Universita’ di Brescia (ad.es. 50 keuro x ELENA)

• Attività prevista:

- nel 2012 conclusione prima fase misura sez. d’urto di annichilazione 

- continuazione di:

-Antiidrogeno

-Elio antiprotonico

- seconda fase misura sez. d’urto di annichilazione(?)
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CUSP

NEW vers.NEW vers.


