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*,1- ESSY | in Berlin - Wilmersdorf
’
"BESSY II in Berlin - Adlershof

56 Member of the Leibniz-Society
Merger with Hahn-Meitner-Institut Berlin
to Helmholtz-Zentrum Berlin

Former BESSY: 230 Employees
(90 Scientists)
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HElmholtz-Zentrum Berlin flirss
Vigierialien und*Energie
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2 rounckitiond b ki 2009 MSeja g of B ESSY|
VI ahn=Meitner — Institut, Berlin)
SN 00EMployees
SRNOpErates BESSYIT , BERII (research reactor) and a
Gycletren o eye-tumor therapy
o= 25001Users/a
&= S Scientific Program:
= Magnetic materials
~— = Functional materials
~~ -~ Materials for solar technology
Improvements of accelerators and reactor

= = Eye-tumor therapy since 1998, 200 patients/a
>90% successful, cooperation with Charité Berlin

e Funding 950% by German State, 10 % by Berlin
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Photon

-Adlershof: Metrology with synchrotron radiation p—
- adiometry
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PTB Iaboratory atBESSYII [E!g‘i {
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Metrology Light Source (MLS) i W|I|y -Wien- Laboratory with
. Metrology Light Source

« Start of construction: September 2004

« Start of commissioning: January 2007
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Metrology [i(jht Source
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Photon Radiometry

Microtron
100 MeV, <100 nA@10Hz, t,..<1 ps
Storage Ring MLS

* 48 m circumference

I * electron energy
| 200 MeV to 600 MeV
* charact. photon energy
12 eV to 314 eV
* beam current
1 pAto 200 mA
* natural emittance (600 MeV)
100 nm rad
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SIGIIENE] yparts of the spectrum (esp. neutrons)
5 Pul~aJ- iatlon (300nsec @10Hz, BESSY)
! @10 Hz MLS)

1sed radiation at low rep. rate (esp. ionisation
thambers e.g. 30mHz Top-Up)

® Radiation flashes (beam dumps with open beamshutters)
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2Eciima / Neutrons

= zﬁnﬂfrons in E-hall

(shleldmg wall closest
~ transversal distance to
Storage ring)

12/3/1998 14:12
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IGRISation chambers ——

pEsENates: 10 nSv/h — 10/Sv/h

(uisedrad. 500 ns@10 Hz)

=55 kel — 7 MeV

600/~ 900 pulses / injection

rrent (FA) is measured between two

= synchronisation pulses by integration (U at
-~ condensor). Synchronisation times and C's

~ range dependent .

/ Measurement ranges with synchronisation
times (50, 5, 0.5,....,0.5) sec
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S} Pries sure 867 mbar, 96% BlO
/ " "’ccm

J__ > V — 10 MeV H(*10)

== 53‘( dose rate: 0.4 Sv/h
i"’“‘ltal Factor 1.78 uSv/h /cps

- ® Detection by 1°B(n,,,alpha)’Li
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Neltron doses from'semi-empikice

rmllas (902,:Gu and Fe(@); Cu(2)

Hr2=9.55.10"-E-e "' +7,,-4.0-10" -E-e "%

Formula 1: Sv/primary electron K. Tesch Part.Acc.9 (1979),Rad.Prot.Dos. 22,1 (1988)

Hr2=7,-1.11-10% - E-e *”'* +1.4.10™" . E.e *~'*

Formula 2: Sv/primary electron Landolt-Bornstein volll, Springer, Berlin (1990)

Hr2=a,-10®.E-e “*'* +4a,.107Y" - E*.e 4#/*
a, =2.4-10"" - A**(0.33+0.67-sin @)

a, =2.3-10"°. A 23(0.07+0.93-e ?/3")

A, =91+53.79%%

Formula 3: Sv/primary electron H. Dinter et al NIM A 455 (2000)




SEEKAGalculations of neutron

S[IE —tra at thlck Cu Target

== :ICRP74
— H*(10)+-Pell.
data
H>10/H<10
= 2.72 (1m) .
= 3.65 (2m) 10 10" 10 10" 10
Energy / eV

pSv fu. leth. / prim. elec.

LA




H>10MeV

H>10/H<10

2.34E-06

. 252E-08

7.01E-08

1.38E-09

5.05E-09

2)3

H form.1

H form.2

H form.3

9.53E-08

3.13E-07

3.48E-07

9.06E-08

6.43E-09

1.57E-08

1.17E-08

Tablel: Results for thick Cu target at 90°,H in pSv/prim. e-

5.42E-09
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FLUSE Calculations of Neution:
SPECLa BESSY geometr

2 Telgegr Undulator. chamber " R
I'\_].' Ium 1 mrad 250 ;.-._-..::-_.‘... : , 1LOE+00

5= 19 Gev | S/ /| 8 2
S injection | wkd | I/ / e
— E+1O electrons/sec | Bt -

. 3.2E-04

e
- —
-

,3—"' 100'% losses (crash) | | | L6

1L1E+DI

- 3.2E-05
- 1.0E-05
3.2E-06

1.OE-O6

3.2E-07

1.0E-07

3.2E-08

= 1.0E-08

3.2E-09

=i § 1% s
..... B 1.0E-09

4.4E-12

Neutron Dose Rate in Sv
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Ne; tien spectrum. Al-target

'1

) A

j gectrum 80~ 100 degr,

= b
Rez)) “ Target =
_5?9 Yolndulator
Eechomber 1.7GeV. [
= ."Fluence to dose 5
~— conv. ICRP74 3
H*(10) +Pell. Data z
&

: 6 7 8 9

e H>10/H<10 = 2.64 10 10 10

Energy / eV
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rad, BESSY eor.netry
S i .
' éibMeV H>10MeV H>10/H<10
,,ﬁ;g 455604 5.61E-05
,J_,‘_,_,,’_f?’ 2 85E-07 7.53E-07
;;;:Em H>. H form.1 H form.2 H form.3
1 1.04E-06 4.98E-06 2.53E-06 1.40E-06

Table2: Results for thick Al target at 90°,H in pSv/prim. e-




HBUKA calculations Of neutron:
SPEGUid BESSY geometry SC.2

IO AIpoIe chamber Fe
lre Hengtn

= 1.91GeV.

(1 eCtion

== E+1O electrons/sec
3 = 100 % losses (crash)

y incm
MNeutron Dose Rate in Sv/h



~ Mmirror
: chamber

e H>10/H<10
—0.043

10g 10 )
Ehelgy / eV



SNENen spectrum,. thin Fedtarget

Data, H*(10)

e H>10/H<10 = 2.66

T
Energy / eV



9:2

““v

|pJe

wﬁ

'BESSY geometry.

Table2: Results for thin Fe target at 90°,H in pSv/prim.

‘éfIOMev H>10MeV H>10/H<10
 5.94E05 9.75E-06
,'5_5 ? ’ 5.38E-08 1.43E-07
= ;——:-él/’m HX. H form.1 H form.2 H form.3
1 1.97E-07 2.82E-06 2.53E-06 8.89E-07




-Y dipole
BGeamber 1.9 GeV

= '.uence to dose
conv [CRP74 +Pell.

= data H*(10)

o H>10/H<10 = 2.00
(0C)

e H>10/H<10 = 1.56
(HC)

pSv /! v. leth. / piun. elec.

Ehelgy / eV
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H<10MeV H>10MeV H>10/H<10
- 5.94E-05 9.75E-06
=/ 0C - — 2.02E-07 4.05E-07
——

-~ 0.7HC 1.12E-07 1.78E-07

d/m H> H form.1 H form.2 H form.3

0.7 OC 6.07E-07 6.54E-06 6.57E-06 1.29E-06

0.7 HC 2.90E-07 1.25E-06 - :

Table2: Results for thin Fe target at 90°,H in pSv/prim. e-




o Forgltfl ~ 3 agrees best with Fluka
(:JJUJ"‘ lens BUT no HC values given.
rJr“ h targets formulas 1 and 2 should

_,i%-_....ac »‘used with a target efficiency factor of
= 0.1 for BOTH terms

- Heavy concrete reduces high energy
: neutrons better than ordanary concrete




PUISEC ‘a“diatioggfor Rad-d\.ﬂaﬁ)‘r?" |

SNEIEPLISEd (continuous): radiation with
Wmerstructure of RF systems at

-

gecelerators (e.g. 500 MHz, 3 GHz etc)

J - ,Ed f < 1/ tdead or f < 1/ tpulsewidth

= (€.9. 20'kHz for Studsvik neutron monitor)

~ » Pulsed: single shots

~ (e.q. flash from beam dump, X-ray
shooting in hospitals etc.)
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Ce Jrrw\, ormulas for ———
°Rad|at|d‘¥-‘(-|3rop Co nters)

0.@ onrJnl us radlatlon

r{.u—' = meas / (1 Rmeas*tdead)
J aradlatlon (tiee < tyead)

:Knoll (1999): R;,. = f*In(1 -R_.../ T)

—

o —
et
-—

= ‘aylor series 1. order
»:: -LRtrue T Rmeas /(1 = meas/ f)
Only 1 event / acc. pulse can be counted

Not dependent of acc. pulse width t,.
Not dependent of detector dead time t..q
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SR E] JrrJan e stored N the moderator

>~|- =

\-P('

En-—u

) I)J]_)r-wr -dlatIOn (tdead < tneu)

P{ ":.: \‘Rmeas / (1 = meas % tdead / (f = neu))
ose rate loss from

== = :R'meas/ Ririe— L — Rieas ™ tacaa / (F* theu)



BES A-Breounter Studsvik

deztftime effects pulsedsrad:
- f')-)r]y 'Hmeas/cIt : tdead /

W

B tose rate 10000 mrem/h
o _Max rate =33000 cps
e tdead = 30.3 HS

® Max dose rate @10 Hz
(PDrl =20%)

1 mrem/h = 10 pSv/h

lllll
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BEEEIT % SRR
*33%25%2§§5§§§¥§3ﬁ2§Rﬁgg“%§§§B§§%§§%§§§§E§E§§m

Measured dose rate

mrem/h



BESIA-BYcounter Thermo (Biorem)
Jl—LJJ time efifects pulsed-r.aﬁ"‘ —

e

R~ ‘e

o Mz cloge rElish E ““' H v
o= . 1.78 (uSv/h)/cps
0 M:Jx rr—"r* 224719 cps
| 4.45 s
50 s ??

OPDrl ‘ (deeas/dt) [C* tyeaq /[ (F* T .,)*100%
* Max dose rate @10 Hz (PDrl =20%) =
40 pSv/h ??
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100 42V I’
HONTIANR
Pulse (Y rJ/)"f‘ .' o i3
o = rJS r ‘!V]dJ‘ Se D FyI lllll |
2 1LO¢ nr\ DL
,—rﬁé,_» .
=2=GUn ¢ 5(‘&/-
*’J===Ge

"*Guiapulse
"'(10 Hz)

- e 5 s Gun
P. width

o 15 A DC
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Uka Simulation of Experlment

e ——

Egimma Rad.

9.1E+01

3.2E+0L

1.0E+0L

SENIO0! /15 nA
10

3.2E+00
1.0E+00
3.2E-01

“1;, et 2 cm) i et 4 s
=S distance Biorem > [ ia oy
’;1 10 FOM 7 o p=

s H*(10) Ul o

. Detailed magnet yoke [ IRV o
 Dose rate at I- W S N [y

{ 1.0E-08

chamber (left) <32 - 5

3.2E-12

IlISV/h -1250 -1000 -750 -500 -250 0 250 500 750 1000

yincm
15 nA, H¥{10) Gamma Dose Rate in Sv/h




uka Simulation of Experlment
\Jge On Rad.

) A

2 00 j\l"’ /15 nA
Ur

(“JJ?‘ E@M (Al
w};,, 2:Cm)

Pm distance Biorem
-fo FOM

s H*(10)
¢ Detailed magnet yoke

e eutron detector 30
cm PE ball (right)

. Dose rate < 1 O -1250 -1000 -750 -500 -250 0 250 500 750y inl(?gy?
15 na, H¥(10) Neutron Dose Rate in Sv/h
mSv/h
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PN measurements@MLS ™

| Auswertung

Carnrnlz) s urements linear up to 74
HISY/HNEON7)
OIIGIESAZNGISERES; change in I-

crum_),r- LoNedlce gamma-rad

Neutrg;' easurements linear up to
')SJF‘ NAONIZ)F=6:9 nSv/acc.

== Gf erendent from t..

GamZbmp

NeuZbmp [

= At 532" uSv/h true dose rate already
9.14 mSv/h

Current <15 nA

Not dependent from f and pulse width
just dose/acc pulse
t o, must be > 50 ps

Res2bmp

Poisson

0,00 2,00 B.00 3,00 12,00 15,00
R ; ; ' 1
426 i
19 -
213 ¢ -
108 -
|:| 1 1 1

0,00 200 £.00 3,00 12,00 15,00
13 . T
L
hdB4L
JE56L
1828+
0 B—em—— o0

0 106 213

Dp= IW DFEBCI;?:JIBm
Im 4 " Studsvik Start [
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BINElitron spectrum @-detector

100 HISVE

Lornlc Jh ahNee to FOM
BUICHIIPE Sphere
NBIEoUnting losses
_Lr“ orhigh energy
€ rons(>1OIWeV)

MLS Neutron spectr. intc detector
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Energy/eV




5 100 MY
SINEINTINGIStance to
INEIL ;_detector
> No eotigiilgle) e

WUENeMIgh energy.

':‘- _ trons

=5 _1:MeV to thermal 3
- orders of magnitude

SNBOton spectium: outsefiyoke

LS Neutron spectr. out of yoke

=
llllTI" llﬂﬂ‘ ”I“! IHMEIH
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o o
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—
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flu/ cm**2 / u. leth. / prim. p
o

3 ) I 2 ‘ 5
1010101 10 10710 10%10°10%10"10°
Energy/eV



relative fluence

"; are In the moderator
~within 1 £, .4

15

10

'
[ ]

MLS time of flight out of yoke

I llllllll | llllllll

0% 107 10° 10° 10t 107
time/ s
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101010~

tron spectr. out of wall

2 4 5
1 10 10710°10%10°10%10"10°
Energy/eV
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merof Fllght irom:\WallsterDetector”

SN 00 eV.
1.6 1) cligtelgleshion50))Y
30 crfl s E Sphere

No e ntlng |OSSES
WIENOMIGh Energy
n't rens (>10 MeV)

._ eutrons off wall reach
= detector up to msec
“after-acc. Pulse

¢ Eluence out of wall is
about 2 orders of
magnitude lower than
fluence from yoke

MLS time of flight out of wall
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O
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=
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B DEly.inside the moderator v
Piter Tesch |

A—— -~ 1

WYeueration from 1 MeV to 1
SVARENIS, to thermal
EWEergies 5 s

S EA0Val time ~ Volume of

':;_-:-:’moderator
= & AB counter
1/10 val timel 180 ps

1/10 val time2 224 ps

® Usage for Poisson
distribution
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S DElay.inside the moderator -
Difiter diesch

I

0'4 R e ey
MBGEEration from 1 MeVto 1 [Reess //
SVAIRNISIEO thermal ,05 /
EENGIESE 51 [US M-
BRPIIEs0N! Calculation AB Cnt.

== Dp=10nSy, 1prem,n=200
~ tyeag 4 Hs C=86 %

g 30 s C=44 %
e Poisson Calculation Biorem
Dp=6.9 nSv, n=200

tdead 4.45 IJS C=84 0/0

167
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¢ Jrregge 'f'@w Bi@l‘
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rn-uJ“Jr/ r T /dt
L — f" _deeas /dt tdead / (f 2l neu)

—- - C
I e
—— ‘-p--_
— e

’

s

—

—

'wE -

With™ 356|.|s cal=1 cps /1.78(uSv/h),
tdead=4 45“3
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S
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JEIGEERTonT2cm (dipole
i‘dﬂ.lJ half deflection
| rjg :

TE=-19 GeV

5 a,,g 0 age rng filling
;;-L_;E.Jrlz electrons

— o= About 32 pSv/dump
- 100 puSv/a (50/16)
* For 32 puSv/dump

C=0.27% ->86 nSv/dump
measured

e tror'ﬁbse by beamdump

zincm

1500

40 -20 0 200 400
yinecm

Neutron Dose in Sv/dump




Siifimary Neutron spectrae s

SRGlibration fc onundetected highrenergy. neutrons derived
G W get HT0F/H10-"265as meanivalue.  Calibration
felciof SO

ARG = JJ—« roof'and inner side wall) we get H10+/10- 2.00 (OC)
ariel 1k _).) C) Calibration factors: 3.00 and 2.55

S er [ ent IS best with semi-emipirical formula 3 (Dinter,
sEEUschner et al 2000) with thick targets and OC. (No HC
e arameters given)

— §'em|-emp|r|cal formulas for neutrons of Tesch and Landolt-
~~Bornstein should be corrected by the factor of 0.1 (BOTH terms)
= if the target is thin (< one radiation length )

& Apnual dose limit <1 mSv in the accessible part of the
experimental hall is still hold

® Usage of calibration factors accepted by our state authority

(LAGetSI) = Landesamt fUr Arbeitsschutz, Gesundheitsschutz and
technische Sicherheit

—
-



Siiffimary: Pulsed Radiations™

- = v o —

Jgjf\//Jcc* puiserin O BIGKEN) Orrection o dla
clarivael, f namber linear up to 74 mSv/h (@10 Hz), no
arror diies m rgamma radiation

SARBESSY N neutron dose rates > 250 uSv/h (@10 Hz)
OIILSIUE ‘the shielding wall are only possible at crash

_ _,\)r"' tion'during injection and >90% electron losses
== Close to the detector.

’-f.w" -

~ ® Error of annual dose < 10% for BESSY, no error for
- “MLS.

- o Shielding BESSY 1 m OC, 1 m HC ratchet end wall. At
thin walled SR light sources error for annual dose can be
considerable due to undetected neutron dose rates at
Injections.

-

- -




Helmholtz-Zentrum Berlin, BESSY |1,

Instein-Str. 15, 12489 Berlin, Germany

Thank you .






