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Motivation

Aim of the reported experiment is to measure the Time of Flight (ToF)
properties of diamond detectors by using high energy heavy ion beams.

It is the first time that this measurement is performed at FRS placing the
diamond detectors very far from each other (> 30 m i.e. all elements of
the beam line are included) and using integrated electronics.

The measurements are performed at experimental conditions very similar
to those expected at the Super-FRS.
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Material & 
Methods
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Beam Line

SIS: 197Au (65+) @ 1 GeV/u, low intensity [< 105, MAX 5∙107 ions/spill], slow extraction (1 – 8 s)

S2: primary beam 197Au 79+

E(S2) ~ 1 GeV/u

S4: primary beam 197Au 79+ OR 197Au 78+

E(S4) ~ 900 MeV/u 
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Cu, 82 mg/cm2



• Based on PADI7  (M. Ciobanu et al., IEEE 

Transactions on Nuclear Science, vol.58, 

no. 4, p. 2073, Aug. 2011)

• Voltage Gain ~ 250.

• Inputs: Detector Voltage, Threshold 

(manual), Board Voltage. 

• Outputs: LVDS signals.

Diamond Detectors

+5V

THR

BIAS

Detector Layout

• Metallization: (Lithography). 

50nm/100nm (Cr/Au), 10 min annealing 

at 500 0C in Ar.

• TOP: 16 strips (1x18) mm2, gap 0.15 mm.

• BOTTOM: planar (18.25x18)  mm2.

• Capacitance (per strip): 4.3 pF.

• Capacitance (gap):  0.4 pF.

• Impedance (strip):  30 Ω

Detector Board

Material

2 X E6 pcCVD diamonds (20.0x20.0x.0.3) mm3
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Experimental Setup 



Detectors Configuration
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S4

S2-S4

∆E = 1.4 GeV

∆E = 1.4 GeV
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VFTX Configuration

Intrinsic resolution (σ): 9 ps NIM VFTX, 15 ps LVDS VFTX+PADI

CLOCK

(https://www.gsi.de/fileadmin/EE/Module/Dokumente/vftx1_8.pdf)



Results - Part I
S4
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Diamond Resolution

ϭ = 39.8 ± 0.2 psϭ = 39.8 ± 0.2 ps

V   = -200 V
Th = -5 V
V   = -200 V
Th = -5 V
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without any 
correction
without any 
correction
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Bias Dependence
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Spill reconstruction

V   = -200 V
Th = -5 V
V   = -200 V
Th = -5 V
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Due to the spill structure, the particle rate can not be considered constant
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preliminary



Results - Part II
S2-S4
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Time of Flight Distribution [DIA] 

ϭ = 52.7 ± 0.4 psϭ = 52.7 ± 0.4 ps

V   = -200 V
Th = -5 V
V   = -200 V
Th = -5 V

�(�)

�
= ��%
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without any 
correction
without any 
correction



Beam Imaging by TPC on Diamond

Primary beam 197Au 78+
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Time of Flight Distribution  [DIA]

ϭ = 45.7 ± 1.0 psϭ = 45.7 ± 1.0 ps

V   = -200 V
Th = -5 V
V   = -200 V
Th = -5 V

�(�)

�
= �	%

Cut: [S4: 0.4<x<1.0 , -1.0<y<1.0], [S2: 5.9<x<6.4 , -4.0<y<-3.0] (mm)
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ϭ = 32.3 ps
per detector
ϭ = 32.3 ps
per detector



Time of Flight Distribution  [SCI]

ϭ = 29.9 ± 0.4 psϭ = 29.9 ± 0.4 ps

ToF = 0.5 * [(SCI41L-SCI21L)+(SCI41R-SCI21R)]
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Time of Flight Distribution  [S4DIA–SCI21L]

ϭ = 33.5 ± 0.6 psϭ = 33.5 ± 0.6 ps

V   = -200 V
Th = -5 V
V   = -200 V
Th = -5 V
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Cut: [S4: 0.4<x<1.0 , -1.0<y<1.0], [S2: 5.9<x<6.4 , -4.0<y<-3.0] (mm)

ϭj = 11.41 ± 0.01 psϭj = 11.41 ± 0.01 ps



ϭ = 22.4 ± 0.3 psϭ = 22.4 ± 0.3 ps

V   = -200 V
Th = -5 V
V   = -200 V
Th = -5 V

ϭj = 11.41 ± 0.01 psϭj = 11.41 ± 0.01 ps
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Time of Flight Distribution  [S4DIA–SCI41L]



Time of Flight Summary [DIA – SCI] 

Diamond Scintillator Ϭ

(ps)

±∆∆∆∆Ϭ

(ps)

DIA(S4) Strip 6 SCI41L (S4) 22.39 0.30

DIA(S4) Strip 6 SCI21L (S2) 33.51 0.61

DIA(S2) Strip 7 SCI41L (S4) 46.73 0.82

DIA(S2) Strip 7 SCI21L (S2) 48.61 0.91

Cut: [S4: 0.4<x<1.0 , -1.0<y<1.0], [S2: 5.9<x<6.4 , -4.0<y<-3.0] (mm)

Diamond device installed at S4 shows much better performances and thus gives less contribution to
the ToF resolution when the two detectors are coupled.
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Equal contribution on the intrinsic Ϭ ? 
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Diamond Scintillator Ϭ

(ps)

±∆∆∆∆Ϭ

(ps)

DIA(S4) Front Strip 7 SCI41L (S4) 35.3 0.8

DIA(S4) Back Strip 10 SCI41L (S4) 50.7 1.3

Being everything connected to the same crate, electronic noise (~ 15 ps for 32 ch VFTX) is the same for both diamond

sensors.

It is confirmed that the main contribution to the resolution is given by the back detector

ϭi,DD1 = 32  ps

ϭi,DD2 = 29  ps

�� = 
�
�

� − 
�
� = (45.7)�−(15)�= 43.2	ps

S2-S4 Detector Resolution



Spill reconstruction

V   = -200 V
Th = -5 V
V   = -200 V
Th = -5 V
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Irradiation performed with Au beam at 200 kHz for a spill duration of 3 seconds
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Beam rate vs Detector resolution [S2 - S4]
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preliminary



Charge Collection Efficiency

- Cut performed in S4: 0.4<x<1.0 mm , -1.0<y<1.0 mm->Strip 7  
- Calculation of total counts by TPC on the diamond plane in S2
- Calculation of total counts by diamonds ToF spectra
- Geometrical correction for the gap between strips -> 7.5%

CCE ≈≈≈≈ 43%
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Problems
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Time over Threshold

Threshold

t1 t2

t1’ t2’

∆t

∆t’

I

After ToT correction it is expected to have ϬToF comparable to that of scintillators ~ 30 ps

The presence of multiple ToT peaks did not allow
to perform a correlation between rise and trailing
time.
ToT allows corrections for the energy deposited
and may lead to marked improvements on ϬToF

Multiple peaks!

t
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Peak Background

11/19/2014 ADAMAS Workshop 2014 30



Applications
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The NUSTAR facility @ FAIR

Primary Beam

� 5·1011  238U28+/s  @1.5-2GeV/u

� factor 100-1000 in intensity over 

present

GSI today Future facility

Secondary Beams

� Broad range of radioactive beams up 

to 1.5 - 2 GeV/u 

� up to factor 10 000 in intensity over 

present 

Super-FRS
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ToF focal plane detectors

• pcCVD 20x20x0.3 mm (50 strips/units)

• 4 units (active area 380/200mm x 50mm )

• time resolution  σ <50 ps

• max rate 500 Hz/mm2

• fast and multi-channel integrated FEE electronics

• 100 days operation @1MHz ->:1.08x1011 ions/cm2 corresponding to an 
absorbed dose of 4.36x105Gy with 238U@350 MeV/u) 

Possible solution: radiation hard diamond detectors:

~ 1k channels!!!

Increasing in the intensity of radioactive beams 
It requires new developments in detecting system & electronics

Clean full PID on event-by-event basis
momentum tagging  ∆x ~ 1mm
ToF measurements ∆ToF ~ 100ps (FWHM)    
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Conclusions
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What Distance

(m)

Ϭ

(ps)

Note

DIA-DIA 0.02 38.4 Intrinsic

DIA-DIA 34 52.7 Without correction 

DIA-DIA* 34 <45.6** Cut x,y by TPC

SCI-SCI (L-L) 34 29.9 Cut x,y by TPC

Noise 11.4 With or without cut x,y by TPC

* One detector show better performances
** Time resolution can be improved if ToT correction is possible!

Summary



Future Plans
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� Test of the PADI 7 + VFTX to
understand the issues related to
the ToT and peak background.

� Analysis on other data sets still
to be performed (understanding
of the interstrip events)

� Irradiation of the diamond
detectors @Catania (Italy) for
high intensity tests (109 p/s)
using 12C at 62 MeV/u.

� Test new PADI 8D detector
boards (double channels per
chip, new threshold control).
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