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Background Hit Rates of y's and

Neutrons at L = 10" 1/cm’s

MDT (Monitored drift tubes chambers)

BOS MDT CSC-Detector
55 35, 50 Hz/cm® 500 - 1700Hz/cm’

65 l
30kHz/tube 300-1020 kHz/tube
(2m*3cm) (2m*3cm)

160

340

DT efficiency ¢ (11MeV) = 4 *10°
'_ CSC - small wheel

simulation for LHC L =10™ 1/cm™s design
luminosity with safety factor 5

Aim: neutron source with flux
density of 5*10° Hz/cm’
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Impact of Background

Atlas MDT Drifttube

* Pressure 3 bar measurement .
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Munich Tandem Laboratory

tandem accelerator % ¢ §-Breskugi feicn?
i ' a Beryllium 105 Hz/cm?
1 4MV | t 10 MeV
p: 0.1 pA- 400 nA
—— ; Hall 111 B (10cm - 1cm)
. a0 - = O — / beam spot
Maier Leibnitz s L <
laboratory PR |
Garching B :

» 20 MeV deuteron/protons
* 30 MeV a-particles
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Hall

MP Tandem
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Pulsed Beams with Time Structure

Time of Flight(TOF)

Experiment |-60 I[nA]A standard DC lon Beam
chopper 100ns long part
L
T path-length W >
dU[keV] t(hour)
A lon HV 5MHz
Tandem
p—o—+ | |
B
| | 1 [ I [ I -
~ Buncher 50 0 +50 150 [ns]
5MHz Goal: All particles within 100 ns long period arrive simultaneously

| | at the target (TIME Focus by BUNCHING)

_| |_ Chopper 0 ns particle takes time t to arrive at experiment ( t = path-lengthlv)

-l I- ‘d’eﬁ'ca! +50 ns particle are decelerated by 2 * dU ~ keV
— || deflection . particle are unaffected by du = oV
-50 ns particle are accelerated by 2 * dU ~ keV

lon Source

it velocity change results in time focus
H D He TOF through tube = 100ns

periodic voltage (5Mhz) with amplitude x keV
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Neutron-Detector [PSD]

z [ " _ 4 glass plate
. /f_. — — 1= Fil ] .
50 @) ass window g bubbling with

hitrogen gas

96
90

PM XP 2262 B
| cell contains
S 370ml of
s liquid
scintillator
BC-501-A

! 177

aluminum cell:
- aluminum 3mm thick

- 90mm diameter

- 50mm depth

- white coating of inner walls

« 2" photo multiplier tube XP 2262 B

 liquid scintillator BC-501A

» 7 detectors were built and are
functional

» data acquisition with QDC (charge to
digital converter)
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Neutron Identification

pulse shape discrimination [PSD] in liquid scintillator (CH )

PM signal

A  y - signal interaction via:

 photo effect
« compton effect »light production

e pair production| by electrons

* n - signal is created by proton- ion recoil:

heutrons

=y [onger tail signal

y-particles

time
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Production and Characterization of

High Energetic Neutrons

assembly of detectors tail signal AR3-Detector

BF; - counter

2000

em N @ @

pipe 2
PSD - detectors 1000k
(liquid scintillator) 1400} -

time of flight (TOF) il

pulsed

: target holder with 1000}
ion beam

solid state targets - . neutrbns o
neutron production g,/ "

163cm

400

i ‘y particles

200 .
- pulse shape detectors at different angle

00 560 10I00 15;‘.}0 20‘00 25‘00 30I00 35I00 40l00 ?
full signal

* solid state target: °d + Be

o+ Be
* pulse shape discrimination (PSD)
e time of flight method (TOF)

n+Xx
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d-Breakup on Nuclear Potential

* motivation: * n-energy-determination:
* low binding energy 2.2 MeV e pulsed ion beam
« 20 MeV deuteron on target  time of flight method (TOF)

mmm)p many neutrons with E < 20MeV counts  Beryllium-Tantalum-spectra

2500

y's tantalum cup

2000

¥'s-tantalum
target
time of flight : Be — PSD - detector Ta oo | beryllium neutrons
Y =95.4ns [1mm]
h (10MeV) = 37.4ns Fa- Be
v Cup [0.25mm]
PSD [] = == T <« tantalum.target
heutron < - 500
§ 0.27m _ v's be
| | =1.63m »

I L L
2100 2200 2250 2300 2150 2400 2450

TOF mump TDC-Channel
different measurement times

(red and black)
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Neutron Energy @ d-Breakup

. . . . _ 1 : 1 )
- time of flight information m) £, = S -om v, = S -m: (th( ))
[ ] i . 2

20 MeV deuteron ion beam . E o= Liog - ) s ven)
* d - breakup on nuclear potential 2 Ry

| Energy of neutrons | | Energy of neutrons |

£2500 ﬂ1000 .

E d — breakup S o00 | d - breakup

(=]

92000 | @Be:Z=4 © 800} @Ta:Z=73

700 |

1500 | 600 -

500

1000 | 400 |

300

200

mo-_r

0

500 -

0

0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18
Energy [MeV] Energy [MeV]
- neutrons from d- breakup at beryllium Z = 4 ° heutrons from d-breakup at tantalum Z =73
» most probable value 10.7 MeV * most probable value 4 MeV
« FWHM 4 MeV * FWHM 2 MeV

 in accord with Bleul NIM B 261(2007)974-979
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Neutron Energy @ a - Be - Reaction

i : . 9 12
motivation: .o +° Be mmp '°C+n+5.709 MeV (exotherm)

* Q-value + 30 MeV a - particle == 35 MeV neutrons...?

 a- Be reaction with low Yy yield
PSD - spectra of a — Beryllium

| Neutron Energy Distribution | tail signal reaction
» 700 2000 = 70
L] P .
5 1800 | RS . R .
o 600 |- .- - :
1600 B :
s00 | ] s ity o Shgaenat  Ci (GR
a - Be -reaction T o e R
a00 | 1200 = .' e .' ' e - 40
1000 fi, i 2 e o gfe.
300 | - 30
800
b [
200 | 600 [ 20
400 | N
100 | 10
200 s
0 2 4 ] 8 10 12 14 16 18 0

0 500 1000 1500 2000 2500 3000 3500 4000

Energy [MeV] full signal

* most probable value 4.7 MeV _
« FWHM 2 MeV - no direct reaction * few y - particle

 result: o - creation of compound nuclei
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Neutron Flux Density

assembly of detectors

HV Signal

beam

pipe .
ofBF. Counter .
onbear (] trget bl vt G
Polyethylene Rate Meter

neutron production

163cm

- BF, - detector at different angles ( 0° — 50° )
- BF, - detector is insensitive for y - particle
« determination of neutron flux density by

Ap] = [——]

2
cm’ s
Ap, = l K efficiency of detector k = 0.4 /cp S2
’ Ik A, neutron flux density nrem s

N counted neutrons by BF ;counter

t

time
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Distance & Angle Dependence

Neutron flux density at different distances Neutronfluxes at different angles
— 250 * beryllium [0.25] deuteron breakup 100 nA 25
N ~ ] beryllium [0.25] cx - beryllium 600 nA |ﬂ'_' l’
E‘é% : . beryllium Eo.1 zls]a - beryllium 600 nA Eé% : "
2> 2001 > 20~ .
7 - £ .
§ | § [
5 150__ a, Be[0.25 mm] E 15__ .
e - 600 nA ' .
o i o i
E 100 d, Be[0.25 mm] E 10l "
i 100 nA i .
[ i a, Be [1mm]
50_— 5_—
a, Be[0.125 mm| _ : beamcurrent = 100nA
O_III|I6I()IQIIIIAII|III|III|III|III|I O_IIII|IIII|IIII|IIII|IIII|II
0 20 40 60 80 100 120 140 160 0 10 20 30 40 50
distance in [cm] angle in [°]
: . : 1 » angle dependence: -
 intensity scales with : e
y r + 30° flux density decreases by

* intensity a — Be scales with
target thickness
* intensity d — Be higher yield

a factor of 2, irradiation of a
large area is possible, with neutron
fluxes density up to 5 - 106 Hz/cm2
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Neutron Ilrradiation of New Detectors

Irradiation Area with continous Neutron flux

Irradiated area 21:21 cm?

neutrons

a=35°

" Beryllium-target [1mm]

Distance 30 cm

a-particle /deuteron

* test of micromega detectors (J.Bortfeldt)
 test of 15 mm MDT tubes
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Aging Study of Alternative Drift Gas

4 times segmented HV - supply directly irradiated tube

2700 | ] il
- 13X ArCO, —] ‘I -
ol \ standard drift gas |
s00f | , '
wol r ArCO_ N, \ L
A | alternative driftgas / / =
so0f %
200}
100} £
| ~ ¢ I"‘-;‘-‘ AR
T 10 15 SR Kapton fof beam pipe
r [mm] Currents of MDT Tubes with proton irrac!ielti%1mmmm2
n - n ctig{ent |-IA F—~— MDT Tube1
« Ar CO, N, 96:3:1% promising drift gas | =
« almost linear, 35% faster than Ar CO2 RN AN,
* 20 MeV protons, 105 nA dc for 6 hours = | ™™ o
* beam spot : 7cm ° 1cm at 8 Hz (wobbler) = | o
* tube current 340 pA @ 3080 V —) ol Y
1 C/cm=QC 1 lifetime of ATLAS o P I T e
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Analysis after Irradiation

| irradiated tube TDC spectra e irradiated tube ADC-spectra fewe e
counts W Esh_qdc_d”
i c 300 |-
e counts: 25490 |—n_tdc 14 E'.I:ﬂ:’i:li
sl counts: 25384 = counts: 25490
counts: 25383 wol counts: 25384
6o measure time: 14.5h counts: 25383
"or measure time:
14.5h
20 sl
if‘n, 0 200 400 600 800 1000 1200 0 0 * 50 100 150 200 250 300 350
%s black: Ar CO2 93% : 7 % irradiated black: Ar C()2 93% : 7 % irradiated

red: ArCO,N, 96%:3% :1%irradiated red: ArCO,N, 96% :3% : 1% irradiated
blue: ArcCO, 93% :7 % notirradiated bplue: Arco. 93% : 7 % notirradiated

control measurement in laboratory using cosmic muons with standard
drift gas Ar CO, 93:7%:

 TDC spectra identical
« ADC spectra identical NO AGING OBSERVED
 number of counts identical

« sSame measurement time same result comparing not irradiated tube
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Summary & Outlook

2 reactions to produce MeV neutrons

«d+ Be 10 MeV (1-20MeV) 50 - 105Hz/cm’
a+ Be 4 MeV (broad) 50 105Hz/cm’ (few y- particle)

LHC limits can be achieved

20 MeV protons for aging studies and high rate studies
beam spots of 1 mm?2 — 8 - 1 cm? available

« optical beam control: quartz glass
* p-beam intensities between fA — pA

- aging study of linear and fast drift gas Ar CO N,

NO aging observed

 more experiments with developed and further improved setup
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High Rate Capability of d = 15 mm Dirift

Gas input Muon Triggers

irradiated tubes with 20 MeV protons
hot irradiated tubes

sg-trigger y
J i

X 20 MeV protons

- irradiated tubes

z.7cm
y:0.5cm

beam spot

"

HV- supply 2segmented {5 iy, tubes  Flange with kapton foil (70x15)mm  J

e production of 400 keV signals in MDT - drift tubes
with well focused proton beam and high rates

 beam spot =7 cm > 5 mm at 200 Hz (z - y) (wobbler)

 position control: scintillation light in quartz
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Proton Irradiation of 15mm Tubes

hit distribution 1
- o
097 0.05pA
0.8 0.32- 105 p/s
0.73— . .
= 65_ 0.36 pA 1.44 pA
area 2
; £ 0.4f - :
il e ° "t preliminary online
0.3
: result
low rate 0.2
online event display 0.1E- 1 pA=6.25-10° p/s
OEIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 [PA]

- efficiency determination
* fit muon track to drift radii in layer

1,3 and 4
« compare predicted radius in layer 2
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PSD [El

ectronic]

Schematic diagram of PSD-Electronic

4—4 HV Supply

PSD-Detector
Anode
FIFO Discriminator
I |
start
Dual Timer
out Reset
1
v i
ctannet [QPC [channe VME I-O Register
1 gate 2
w
San n
Ch2 4
Readout PC
tail
pulse

PSD = pulse shape discrimination
QDC = charge to digital converter
FIFO = fan in fan out

I-O = input -output register

Oscilloscope picture of PSD

Getrlggert

N | _ ga.te for QDC

~4qmmm delayed signal

t ?

undelayed S|gnal

Chl SOOmVQ Ch2[ 300mv<> H|20 Ons A\ Chl '\. —1 48V

500mV Q
1/26.00 %

neutrons

y-particles
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Determination of Beam Currents

beam currents vs scintillator counts [Abs 1000-2]
Scintillator paddle for beam current determination <1 03
: E :
% s dead time scaler
= 10000
| - L
= i
=
8 L
S 8000
s L
E L
£ 6000
o -
n L
- 1nA/1000abs. = 7.0 *10" A
4000— = 0.7 pA
B 0.5nA/1000abs. = 3.6 10" A
_ _ 2000f = 0.36 pA
Flange with Kapton foil i
- - o_llll|IIll[llllllllli]JJlllIII|II
» adjustment of pA currents possible 0 05 1 15 2 25 3

beam currents [nA]

with absorbers _
— irradiation of 15 mm tubes with different ° Divergence of blue curve

currents in the range of pA because of dead time
of scaler
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Cosmic Ray Facility and SiPM's

oberesiHodoskop
AN
Yy«
ﬂ - |

kapazitives 5 obe ' .

Alignierungssystem - %= /Referenzkamme : ?ptlsches
Alignierungssystem

RasNik

Eisenabsorber

unteres Hodosko

Streamerrohre \
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Summary & Outlook

2 reactions to produce MeV neutrons

«d+ Be 10 MeV (1-20MeV) 50 - 105Hz/cm’
a+ Be 4 MeV (broad) 50 105Hz/cm’ (few y- particle)

LHC limits can be achieved

20 MeV protons for aging studies and high rate studies
beam spots of 1 mm?2 — 8 - 1 cm? available

« optical beam control: quartz glass
* p-beam intensities between pA — pA
« space charge effects in 15 mm drift tubes high rates in chambers

O (10'Hz)
- aging study of linear and fast drift gas Ar CO_ N,

NO aging observed

 more experiments with developed and further improved setup
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Outline

. motivation

ion beam preparation + pulse shape discrimination
neutron reactions and properties

. aging studies at MDT tubes

high rate irradiation of [15 mm] tube chamber

. silicon photo-multipliers

. summary & outlook

1
2.
3.
4
5.
6
7
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Neutron Energy @ o - Be - Reaction

motivation: o+’ Be mmp " C+n+5.709 MeV (exotherm)
Idea: Q-Value 5.709 MeV + 30 MeV a- particle=s 35 MeV neutrons...?

| Neutron Energy Distribution |

2 dim. PSD-TDC-Diagramm

700

—1 — m llllllllllllllllllllllll
o l.'ﬂ“' TH_2# 010 ReA_trde_tee_1 40 -E Entries 4324
= = : S Mean 5.412
E =L 9 . Y = pal'tIC|E Q o0l Erfemow 3.753
L (n,y)-reaction ¥ O
E E B . 500 =
130
e T
O 400 —1__
- 1 125
Q 6F i
m -
300 |-
I
4l 200
8 115
o s}
100 |
2 -
’ 5 % 2 4 5 8 10 12 14 16 18
Energy [MeV]

1150 1200 1250 1300 1350 1400 1450 1500 1550 1600

@ TOF TDC Channel —)

31.3.2011 DPG -Tagung Karlsruhe Alexander Ruschke



	Folie 1
	Outline
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	 Neutron Fluxes
	Folie 14
	Folie 15
	I - 40 Beam Place for Proton Irradiation
	Folie 17
	Summary
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26

