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Diamond detectors in the HADES and CBM JG|U Lilﬁ\'jgégﬁgg
experiments at SIS100 (FAIR) sornes GUTENBERG DARMSTADT

UNIVERSITAT Mamz

Diamond detector applications:
= TO determination = ToF measurements

= Beam monitoring: beam profile in X and Y, beam HALO measurement
- Fast Beam Abort System

Requirements:
= Single particle measurement mode

» Handle beam intensity of 107 ions/s

= Low interaction probability - low Z

= Time precision < 50 ps

= In vacuum operation

= Position information better than 0.5 mm
Radiation hardness

FAIR




The HADES at GSI: )\ [ECHNISCHE

- : sorannes GUTENBERG )
High-Acceptance Dielectron Spectrometer UNIVERSITAT MAz r DARMSTADT

Acceptance: 2nin ¢; 18° <0 < 85°

= e*e pair acceptance: ~35%, mass resolution: o,(®) = 2%

= Hadron and Lepton identification:
= Tracking: low-mass MDC and Magnet
- Time of flight measurement: TOF and RPC
= Lepton identification: RICH and Pre- Shower
- Energy loss: MDC and TOF

» e*e and strangeness
(kaons, hyperons)
measurements in heavy
ion, proton and pion
induced reactions

e Start—TarggﬁE—Veto System
praamet tube holding mrge;in position
4[

Diamond | 19 I A Y

preamp || = 045 4.5 e
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: Cable

Start detector
(scCVD diamond)
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Diamond detectors used in HADES MBI
for Au beam (1.25 A GeV) onts GUTENBERG DARMSTADT
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|
|
|
|
|
|
|
|
| 8segment detector
Multi-strip detector | " Sizer45mmx4.5mm
= 16 stripes on each side (width: 200 pm, gap: 90 pm) I - getector thickness: 70 Em
= detector thickness: ~60 um = detector time precision: ~50 ps
= detector time precision: ~50 ps | S gl e Reiolution | e I
O S (| S O e Yy
o6 g Sigma 0.05946 + 0.00024
- dedicated electronics: Multihit TDC (17 ps RMS) SihE /
- Single particle mode: up to 107 ions/s per channel moof /
(limited by TDC: 10° hits/s) 0§34 66 98 10 102 104"

Time difference [ns]
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Irradiation of the multi-strip detector
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197 Aub®+ beam:

Energy 1.23 AGeV

Beam size (30) 1.3 x 0.8 mm?
Intensity = 10° ions/s

A n.a R 8 A 0 R.E A BB B N NN

StripY

StripY

Fluence maps
for each
irradiated spot

StripY
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Fitting the fluence distribution with J6|u ), TECHNISCHE
seven 2D Gaussian functions i -4 1L DARMSTADT
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Fitting the fluence distribution with IGlu
seven 2D Gaussian functions T R

Complete fluence map
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Analysis of signal degradation in @ Teciscre
Zagreb

S/

DARMSTADT

IBIC is perfect method of choice:

« Signal decrease corresponds to the amount
of damage produced

« Spatial resolution retained through the whole
device

‘ Elnstitut Ruder Boskovié

« Theory already well established

Possible problems:
« Diamond polarization
« Limited scan size

Proton py-beam:
 Energy 4.5 MeV
« Spotsize=1 x1 um?

8 h LT as N
e Max.scan=1.3x1.3mm?2 e -/‘

Zagreb microbeam line
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Analysis of signal degradation by

_ _ JGlu S&  TECHNISCHE
—_ Si&7/=) UNIVERSITAT
scanning with p beam and . cutensers G DARmaTADT
measuring ADC amplitude |
———— e 13 EEIFE R r : T R I600
B g
3 5 400
200
. 03f i : '
G‘.O : —— : . 0
00 03 05 08 10 13

X [mm]

Proton g -beam:

 Energy 4.5 MeV

« Spotsize=1x1pum?

e Max.scan=1.3x 1.3 mm?
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Correlating fluence and degradation

onannes GUTENBERG
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fluence map
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2D fitting of the Au hit
distribution
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200
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IBIC imaging

with protons
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. . TECHNISCHE
Final CCE degradation curve o . UNIVERSITAT

UNIVERSITAT Mainz

CCE = Q/Q,

« CCE is macroscopic property

» Detector thickness dependence

» CCE fits assume low level damage
- mfp should be used

Y position [mm]
IBIC ADC [a.u.]

2.1
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. . 75 ECHNISCHE
Comparison with proton damage % UNIVERSITAT

UNIVERSITAT Mz

D
o
o

IBIC ADC |[a.

4.5 MeV protons
Zagreb, y—beam irradiation

N
o
es]

Y position [mm]

200

24 GeV protons

U i it ST Rl 1|

RD 42 collaboration, CERN-PS _ . s b

RD42 Collaboration (Kagan H. et al.)
Nucl.Instrum.Meth. A636 (2011) S125-S129)
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Y position [mm)]

4.5 MeV protons

Zagreb, microbeam irradiation

Fluence
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u

24 GeV protons G
RD 42 collaboration e GUTENBERG

Diamond detector: o
scCVD Irradiation:

2880 pixels « 24 GeV p at CERN PS
Thickness 475 ym

_RD42 preliminary

l Dark grey strip scCVD oy
0 Open dark grey p|xel scCVD

:0 L\ght grey str\p pOVD

curvel:l:d=ccdnl[1+k'phi*ccd0]

RD42 Collaboration (Kagan H. et
* al.) Nucl.Instrum.Meth. A636
! s ? (2011) S125-S129)
5 10 15 20 25

Irradiation (x10*15 p/cm”"2)
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]G|U TECHNISCHE
Mean Free Path €-> CCE o UNIVERSITAT
s GUTENBERG DARMSTADT
Decrease of T and mfp with radiation: Mean free path:
1 1 1 1 mfp =1t X v,
—=—+Nygg X0 XV = + KX
T, th mfp  mfpg
Lifetime:
B 1
Connection between mean free path and CCE: "TNxoxvgy,
; N = Ny + Nygg
CCE = m];pe [ fpe (1- mfp )] ™S Pn [1 _ P (1 —e mfPr) Nraqg ~ @

With the assumption mfp, = mfp,,= mfp:

CCE = 2%[1 —ﬂ(l —e mfp)]
CCE vs mfp for d = 67 pm
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" " JG|U TECHNISCHE
Comparlson with proton damage ‘ UNIVERSITAT
CCE = mfp (mean free path) sorames LT B ERG DARMSTADT
1 _ 1 FEKX® K =cxkx2t k is number of traps 246256eVAu
mfp mfp, Vg produced by 1 ion ; -
E Ma\,n | T 3 10° ] .
Faond AVIG Vo e b 21
lllllll y X position [mm]
N K =3.4x 107 pm
LY e Rl _4.5MeVp.
DIID e VR R - R e ) 3
o R o Fluence[mm? 5T , , Fluence [mm)
K=1.1x 108 pm
24 GeV p
RDA42 Collaboration

Fluence / mm’\-2
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Results summary
mfp from Au fit: 880 pum

Contents lists available at ScienceDirect

S Nuclear Instruments and Methods in
T A'g;ﬁ" ) Physics Research A

journal homepage: www.elsevier.com/locate/nima

Simulation of beam induced lattice defects of diamond detectors
using FLUKA

Au @ 1.23 A GeV

mfpy [um] 500 1000
K[um] 3400 x 1010 3450 x 10-10

mfp, [LM] 500 1000
K [um] 114 x 10-10 110 x 1010

mfp, [um] 500 1000
K [um] 1.4x10%  1.4x 1010

Number of traps:
AU/ Py smev ! Paacev = 1 /30 /2430

Pasmev / Pragev = 81

NIEL [ MeV mb]

im de Boer?, Steffen Miiller **

Moritz Guthoff™!

FLUKA simulations
' PROTONS on C (SRIM)
NEUTRONS on C (SRIM)
--------- PROTONS on C (FLUKA)
103 | reereeee NEUTRONS on C (FLUKA) ||
* -
i 50 times
= difference in NIEL
3 \ ‘ :
PN
dN /7
1 ] t f f

kinetic Energy [MeV]

16.12.2016 | 5th ADAMAS Workshop 2016, GSI | Adrian Rost | 19

- ACCEL_ENICE=



Outlook: Diamond detectors for CECHNISCHE
beam diagnostic at the S-DALINAC  ...corensens DARMSTADT
(Superconducting Darmstadt electron linear accelerator of TU Darmstadt) UNIVERSTAT

extraction New test setup for

(diamond) detectors

Scraper system

AlSCO5 ALSCO6 AISCOT AISCOE

AISCO1 AlsCOl

AISCO3 AISCO4

Design Parameters: Mg Spomomerr B
(|Falt I -] @) =-a0d o=
Max. Energy: 130 MeV '
Beam Current: 20 A
Duty cycle: cwW
Frequency: 3 GHz

RF-power/cavity: 500 W
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Diamond detector test set-up

annes GUTEN HFRG
UNIUFRSIT,C\T """

TECHNISCHE
UNIVERSITAT
DARMSTADT

Move focusing

guadrupoles into

Add dipole magnet

“ ”
bunker
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G - D5, = AR
Quil 17 ? 21 Folquo1 quoz
BMO§
(PS EIBMD4) BMO1
(PS: E2EM0T)
™02 ooy o
B2 BMO3  SVol
{P3. E2RAN ) HF01
Qunl @
Quo2 @
Tl
Fz QU3 .
T -

Investigation for diamond detector developments for

MIPs and HI:

- time resolution

- amplitude measurements

- studies of radiation damage
- read-out electronics test

SHO3
§V03

NEPTUN target

NEPTU

NEPTUN

P2 N1

{radiator targer)
Cam TC2

Cam TC3

{scalo of mrger Iaddar)

Movable detector
test set-up and
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beam dump -
Beam parameters: )
= Beam current: ~nA (~10° e’/s), higher
currents desirable - radiation safety!?

» Beamdiameters: ~0.1 mm—-1cm
= Max. Energy: 130 MeV

J
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TECHNISCHE
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DARMSTADT

Diamonds for MIPS

jonasnes GUTENBERG
UNIVERSITAT MaNZ

Expected / measured diamond detector performance for MIPs (10°/s)
» stable long term operation
» time resolution below 100 ps (o)

o 0.161 ¥2 / ndf 0.03328/ 13
S 014k Constant ~ 0.1327 +0.1883
2012k Mean  -0.01242 +0.14217
ﬂ:@ ‘01;, Sigma 0.127 + 0.119
3 0.08F ) . ' )
°0‘06§_ c =90 pS H_ADES mosa_uc dlamon_d de_tector used in

004 pion production beam time in 2014

L L N » pion TO detector 4x10° pions/s

-1 -0.5 0 0.5 1 1.5 2 .
Time difference [ns] = time. res. 200 ps only
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7 TECHNISCHE
UNIVERSITAT
DARMSTADT

TRB3 platform
FPGA TDC and multi purpose DAQ  »Siisese.,

| N 4 FPGAs with -R B ‘.ﬂ
Time precision 260 TDC channels @
10 ps RMS

Usable in large systems

Single edge & ToT
& stand alone

measurements

50 MHz hit rate
per channel

Only 48 V and GbE
needed to take data

Expendable by Add-Ons and

Internal trigger system FEEsS S ie PaDiWa

and slow control

(developed at GSI, see: http://trb.gsi.de/)
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TRB3 based ]G
Online Beam Monitoring System onases GUTENBERG

7 TECHNISCHE
UNIVERSITAT
DARMSTADT

= 32 TDC input channels (direct LVDS or PaDiWa Discriminator AddOn board)
= Sampling period 1 s — 100 ns with maximum depth of 8192 words
= visualization in web-browser via gnuplot

30000

25000

20000

15000

Hits [1/s]

5000

coifols : 0.5 y
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UNIVERSITAT
jornannes GUTENBERG DARMSTADT
UNIVERSITAT wanz
Thank you for you attention!!!!
\» ACCEL_ENCE=
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Analysis of signal degradation of JEC I G
UNIVERSITAT
oranes GUTENBERG
the 8 segment detector S ERG T wue DARMSTADT
» Pulse height scan with 4.5 MeV u-beam of protons
Pulse height
Region (1)
Mean: 2.35 MeV
VR¥ ! FWHM: 0.17 MeV
]
T - 0 06 1.4 2.1 2.8 36
2] = | E [MeV]
Pulse height
Region (2)
. — 2 ge Mean: 0.46 MeV
o 3 S (0 1.4 20k FWHM: 0.11 MeV
X By, X [mm]
3-dim 10k
pulse height
J. Pietraszko et al. NIM A (2014) SR ok e —
0 06 1.4 o2 2.8 3.6

E [MeV]

« Pulse height reduced by a factor of 5.1 in the middle of the damaged area
« To few information on fluence distribution - Systematic study needed!!!
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