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MUST2 transfer experiments proposed to the GANIL PAC (Nov 11, Oct 2012). 

E628  B. Fernandez (Univ. Santiago de  Compostela),  W. Catford (Surrey) et al. PAC 2010,   18UT 
E644  M. Assié (IPNO), E.C. Pollacco (SPhN),  W Catford (Surrey) et al. ,  38 UT 
E657  A. Corsi (SPhN), S. Péru (DAM/SPN), et al. PAC 2012,  24 UT 

EFFECT Reaction /Energy     Exp. conditions set-up  

LISE D6 area +2 BTDs (CATS) 

E628   

 Spectroscopy of 17C :  Location of the 0d3/2 
Strength in the Neutron-Rich Carbon Isotopes 

 16C(d,p) 17C  

 15 MeV/n  

Backward Tiara (Hyball, Barrel) 
Forward 4 MUST2 (Si /CsI) 

+  4 EXOGAM clovers  

Charissa Si- CsI    

E644  

Study of the n-p pairing through 2-nucleon 
transfer reactions (Pair transfer to investigate 
the neutron-proton pairing in the f7/2 shell) 

48Cr(p,3He)  (d,4He)  
56Ni(p,3He) (d,4He)    

30 MeV/n 

 Backward Tiara (Hyball, Barrel) 
Forward 4 MUST2  

+  4 EXOGAM clovers  

+Charissa DE (Si) +Plastics 

E657 Nuclear shape evolution in Se and  

shape coexistence by identifying a  

possible low-lying excited 0+
2 state,  

and measuring its excitation energy 

72Se(p,t) 70Se 

36MeV/n 
Next : 68Ge(p,t) 66Ge 

36MeV/n 

LISE / 4 MUST2 + BTDs  

+ 4 Exogam clovers 

+LaBr3 +SiLi 
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Experimental Set-Up 

Secondary beam  
from LISE 
 
16C [15MeV/u] :  
~5x104 pps 

Si-Si-CsI 
CHARISSA 
Telescope 

Charissa collab. 

Detection zero degrees :  

Si(70 µm) 

+Si(300µm) 

+CsI(mm) 
MUST2 collab. 

Detection forward:  

Si(300 µm) 

+CsI(30 mm) TIARA collab. 

Detection backward:  

Barrel + Hyball 

EXOGAM  

collab. 

4 clovers 
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Configuration for transfer reactions using CATS+MUST2+TIARA in D6 area 

MUST2 : 4 telescopes 

   (+Plastics) 

4 MUST2 

Wheel for 6 
target frames 

16C 

  

 

@ 15A.MeV 

I ~4. 104/s 

50.7cm 68.4cm 37.5 cm 

cm 

PR62 
Gaz 

Tel 
D6 

33.1cm 

( cm) 

(230cm) 

Charissa 

CATS1 CATS2 

Tous les TRIGGERS  FAG 150/s ; CATS ~ 4.4 104/s 
Divisions 1000 (Cats1, Cats2, Charissa) , Exogam 100 
Reaction target CD2 2 mg/cm2 
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Block 
of 4 
Must 2 

Barrel support 

Sili Tiara 

Target Holder 

Extension 
Tiara 
output 
cables  
(top)   

(Top) Extension 
 of chamber 
MUST2 cables 

E657 MECHANICS CAO DRAWINGS  
Philippe ROSIER  IPNO rosierph@ipno.in2p3.fr 

Reaction chamber TIARA +MUST2 
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Exogam 
frame 

BTD +new support 

Tiara 
frame 

Modif Exogam 
support for the 
Tiara frame   Box simulating the   

detectors at 0deg 
(plastics, SiLi and  
La Br3) 

New frame 
support with 
Must2 

Reaction chamber TIARA +MUST2 

E657 MECHANICS CAO DRAWINGS  
Philippe ROSIER  IPNO rosierph@ipno.in2p3.fr 
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Modifications October 2013 

E657 MECHANICS CAO DRAWINGS  
Philippe ROSIER  IPNO rosierph@ipno.in2p3.fr 

General view of the LISE D6 line 
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  TIARA-MUST2 in D6 - E628 summary 16C(d,p)17C, (d,t) 

 
Primary beam 18O  at 50 A.MeV (I=6µAe increasing to 8µA ) on production target 9Be of LISE 
Production of the secondary beam  16C  at 15A.MeV  
Production target 9Be 2mm; wedge 2mm. 
Measured  intensity ~4.4 104pps for 6µA of 1ary beam. 
 
[NB: beam production and measurements in this mass region have been performed;  
LISE++ predictions found to be reliable for beam  16C .] 
Identification telescope E-DE D4/D6 // D6: Chio DE-TOF 
(Residual contaminants can be eliminated by TOF) 
 
 Beam purity   >  99% ; purified with the LISE spectrometer and the Wien filter  
 

Dernières vacances au GANIL –Octobre, Décembre 07 

AZ(d,p) A+1Z 
 
 
     (d,t)   
     (d,alpha)   

FORWARD  in MUST2 

Identif in Charissa 

TIARA+MUST2 experiment on D6 E628 – Tuesday 4th March to Monday 10th March 18UT  

Reactions channels in MUST2: (d,t), (d,4He)   
-Tritons and 4He stop in the DSSD of MUST2, identified by  E-TOF  
-(d,3He)   3He can be identified via ΔE-E plot  
NB: 16C from (d,d’)  (2+) 

BACKWARD  in TIARA 

Gammas in EXOGAM  
to separate bound states 
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FULL KINEMATICS 

 +To locate for the first time the unbound 3/2+ levels in 17C that carry the single-particle strength of the 
0d3/2 orbital.  New information related to the emergence of N=16  
 + To measure the angular momentum  for  bound states (separated using gamma-rays in coincidence with 
particles) . New information related to N=14 
+ To investigate the population of the 16C ground state. 
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Hyball detector 

BEAM DIRECTION 



IRFU/SPhN      MUST2 Campaign 2014           vlapoux@cea.fr 

TIARA Barrel 

EXOGAM  clover 
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Detection zero degrees : Si(70 um)+Si(300um)+CsI(mm) 

Radiation Damage.  
Fluence = I(4.10e4 pps)*5) days*24*3600=1.7 10e10 p/cm2 
Stopping power (16C)=   2000 MeV.cm-1 
Stopping power (alpha)=  1500 MeV cm-1  
Stopping power (137Cs)=  97000 MeV cm-1  
Limits (from Knoll book) = 10e8 (fission fragments), 10e11 (alpha particles). 
TO reduce the total fluence on the telescope :  
BEAM stopper and divide the measurement in two parts.  

Slide from 

CHARISSA 

collaboration 
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  MUST2 - D6 area – (setup –tests-22 November 2013)  

Distribution BOX  of power supply 
for MUST2 telescopes  
(Used here for T1 to T4) 
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MUST2 settings in nov 2013 
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  Back of MUST2 telescopes seen from the reaction chamber flange 

SOURCE 
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MUST2 Configuration  in the reaction chamber for E628  

Nov 2013 Test en source alpha 3 pics GT288 – 
   241Am 244Cm 239Pu 2989 Bq au 22/06/2007 

 T3 pcb
11 

 T2 

Pcb 
7 

 T4-pcb5 

 T1-pcb6 

 T4  T3 
 T1   T2 

View of the MUST2 from target location 
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Configurations of MUST2: numbers of CsI Pads 

Si-strip Telescopes   
2 stages DSSD+CsI  
MM1 to MM4:  

T4 T3 

T1 T2 

1 2 3 4 

8 7 6 5 

12 11 10 9 

16 15 14 13 

16 12 8 1 

15 11 7 2 

14 10 6 3 

13 9 5 4 

 13 14 15 16 

9 10 11 12 

5 6 7 8 

4 3 2 1 

4 5 9 13 

3 6 10 14 

2 7 11 15 

1 8 12 16 

1 128 Y 

128 

1 

X 

128 

1 

Y 

1 128 X 

1 128 X 1 128 Y 

128 

1 

Y 

128 

1 

X 

4 

1 

3 

2 

128 X and Y strips ; 
 Energy and time for each ;  
CsI divided into 16 pads 
 per telescope 
DAS Configuration for MUVI  
Threshold discri on Strips  
XE and YE set to 400 keV   
CsI : threshold set to 2.6 MeV,    
Shaping time 3µs Gain : 0.6 pF   
 
TAC range (each strip) 600 ns 
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Power supply CAEN SY1527 USUAL FULL configuration for 8 telescopes LOW/ HIGH VOLTAGES 
 

SLOT 0 
A1518B 
OUT A 
3X +2.5V 
 
OUT B 
3X -2.5V 

SLOT 3 
A1518B 
“1” 
3X +2.5V 
 
 
“2” 
3X -2.5V 

SLOT 1 
A1518B 
OUT A 
3X +2.5V 
 
OUT B 
3X -2.5V 

SLOT 2 
A1516A 
OUT A 
1X +3.3 V 
2X -5V 
 

OUT B 
2X +5V 
1X +10V 

SLOT 4 
A1518B 
“3” 
2X -5V 
1X +3.3 V 
 
“4” 
2X +5V 
1X +10V 

Distribution box T1 to T6 Distribution box T7 to T8  
(T9,…T12) 

SY1527 max number  
of boards per crate  16  
 19 " wide  
depth 720 mm  
8U-high 
 Euro-mechanics rack 

SLOT 12 
A1837N 
12ch. 

SLOT 13 
A1835P 
12ch 

SLOT 14 
A1837N 
12ch. 

 A1837N  
-250V/1mA  
  (100µA)  
-50V( CsI),  
 -100V (Si) 

A1835P 
+1.5kV /7mA   
(200µA) 
+HT Sili Julich 
(Not used) 

HIGH VOLTAGES 
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Power supply Modules CAEN HIGH VOLTAGE  

SLOT Slot /board 10 Slot /board 11 Slot /board 12 Slot 13 Slot 14 

Module  A1737 A1737 A1835P  A1837N   A1837N 

-HT -HT +HT -50V (CsI), -100V(Si) 

  (Io=5µA)  (Io=5µA)  +1.5kV/7mA(200µA)  -250V/1mA 

(100µA) 

-250V/1mA(100µA) 

  

Ch0 IB1 50V  0.3 

 

OB5 150V 1.2 CATS 1   640 V  

 IOset =2µA ( I < 0.2) 

 CsI/T1 50V 

Ch1 IB2 50V  0.0 OB6 150V  0.6  CATS 2   640 V  

 IOset =2µA (I < 0.2 ) 

T1 Si DSSD 80 

Ch2 IB3 50V  0.0 OB7 150V  1.3 T2 CsI 50V 

Ch3 IB4 50V  0.1 OB8 150V  1.2 T2 Si DSSD 70V 

Ch4 IB5 50V  0.0 W1 50V  1.2 T3 CsI 50V 

Ch5 IB6 50V  0.6 W2 50V  1.2 T3 Si DSSD 80V 

Ch6 IB7 50V  0.1 VOID   T4 CsI 

Ch7 IB8 50V  0.0 W4 50V  0.3   T4 Si DSSD 80V 

Ch8 OB1 150V  0.7 W5 50V  1.2   

Ch9 OB2 150V  1.1 VOID 

Ch10 OB3 150V  4.2 VOID DE Charissa 

 28V (5µA) 0.7 

CsICharissa  

45V( I=3µA) 0.7 

Ch11 OB4 150V  1.6 W3 50V  0.1 

 

E Charissa 

 131V (10µA) 3.0 

W6 

50V (Io=5µA) 0.4 

 Red: 4 MUST2 

 purple TIARA 
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TARGET WHEEL OF 6 TARGET SLOTS 

1. HOLE 
2. CD2  0.53 mg/cm2 

3. CD2  1.2 mg/cm2 

4. GRID MASK 

5. Carbon 0.52 mg/cm2 

6. CD2  2 mg/cm2 

1 

2 

6 

4 
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WHEEL OF REACTION TARGETS 

After removing the target already positioned, there is a sequence of  operations: 
Rotation of the wheel  (POISITION ROUE)  to the desired position of target; translation to move the arm to the central target  
position (POSITION CIBLE). Before  any operation  you need to click on the frame « MOTEUR »   
NB: the translation of the target frame towards the final position  (172 mm) is done at a (slow) velocity of nearly 1 mm/s 

Wheel of 6 target slots: See Automate on the LISE PC >>> MENU >> TARGETS  select TIARA TARGET 
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 Masque-cible 

Dessin et fabrication : Vincent Morel 
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Opening of the TIARA chamber – Monday 10th March 
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Opening of the TIARA chamber – Monday 10th – View of the CD2 target 
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  Visualization of the CD2 target 1.2 mg/cm2 inside the Barrel 
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MM strX E Raw 
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IMPACT Run 1299 (view at the back of the MUST2 array) 

MM2 MM1 

MM3 MM4 

We had problem with the Csi pads of Tel 3 (the MufeeY card n°3)  

4 | 3 

1| 2 

FRONT 
 VIEW 

3 | 4 

2| 1 

BACK 
 VIEW 
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KINEMATICS covered by MUST2 

Protons of E ≤ 6 MeV  
d of E ≤ 9 MeV  
t of E ≤ 10 MeV  
3He E ≤ 22 MeV 
4He E ≤ 25 MeV 
are stopped  
in the DSSD 300µm 
 of MUST2 
 
the tritons and 4He  
for the reactions 
of interest are stopped 
In the DSSD 
theywill be identified 
and selected in the  
E-TOF spectra  
 

Coverage 5 to 40 deg. 
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MUST2 PID Estrips %TOF runs 1352-1358 
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Beam profile and reconstruction from CATS 1 and CATS2 

TARGET  
reconstruction  

TESTS DEC 2013 Run 1067 Mask –grid at target position 
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Beam profile 

10 March Optimization of the beam intensity at  I ~ 9µA 
  CATS1 and CATS 2 ~6 10**4 /s 
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Ganil Master Trigger E628 
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Narval RUN CONTROL E628 STOP- READY 
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Narval RUN CONTROL E628 -START 
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Scalers Run 1375 10 March  
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CATS profile run 1375  10 March 
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Emittance (Run 1337) CATS 1, CATS2 Theta (mrad) % mm  



IRFU/SPhN      MUST2 Campaign 2014           vlapoux@cea.fr 

TYPICAL RUN (1299) and SPECTRA  - strips XY CATS 



IRFU/SPhN      MUST2 Campaign 2014           vlapoux@cea.fr 

TYPICAL RUN (1299) and SPECTRA  - CATS Beam focalisation 
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TYPICAL RUN (1299)  and SPECTRA  - CATS – All triggers 
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TYPICAL RUN (1299) and SPECTRA  - CATS-Trigger TIARA 
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TYPICAL RUN (1299) and SPECTRA  - CATS- Trigger MUST2 
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TYPICAL RUN  1375- TAC SPECTRA  -10 March 
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TYPICAL RUN 1375 – EXOGAM SPECTRA  -10 March 
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TYPICAL RUN 1375- EXOGAM SPECTRA   
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TYPICAL RUN 1375- EXOGAM SPECTRA   



IRFU/SPhN      MUST2 Campaign 2014           vlapoux@cea.fr 

TYPICAL RUN 1375 - EXOGAM SPECTRA   
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TYPICAL RUN 1375 - EXOGAM SPECTRA   
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TYPICAL RUN 1375- Charissa Spectra   
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TYPICAL RUN  1375 -Charissa SPECTRA   



IRFU/SPhN      MUST2 Campaign 2014           vlapoux@cea.fr 

TYPICAL RUN  1375 - Charissa SPECTRA   
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TYPICAL RUN 1375 - Charissa Spectra   
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TYPICAL RUN 1375 - Charissa Spectra   
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TYPICAL RUN  1375- Charissa Spectra   



IRFU/SPhN      MUST2 Campaign 2014           vlapoux@cea.fr 

TYPICAL RUN 1375-   TIARA Barrel SPECTRA   
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TYPICAL RUN 1375 TIARA Hyball SPECTRA  - 10 March  
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TYPICAL RUN 1375 – MUST2 SPECTRA   
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TYPICAL RUN 1375 – MUST SPECTRA – 10 March   
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TYPICAL RUN  1375– MUST2 SPECTRA  10 March 



IRFU/SPhN      MUST2 Campaign 2014           vlapoux@cea.fr 

TYPICAL RUN 1375  – MUST2 SPECTRA -10 March   


