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LATIAR WAIEITTR] F18UMIAMUIUTINUTEUTIAAN1q9 L3EnNTade wazuuinansesniuumUsssd  (2026)
WATAY AMTUTLUUAIALILENDUATRIN L ALASAENL 2 TEAUNGN 3GeV

UNANEa

TasamsWauiaTeiidauasaeny 2 (SPS-I) szdundsnu 3 GeV nelvAndsdiusudansiqedil
NW9UszasA (Parasitic Bremsstrahlung) %aﬁﬁmwmqmmaqqLLaza'amaﬂswu‘lmmw{ammﬂaamﬁa
voaguURnuuazgUnsallauseu seruatuifsdarhiudeAnvnisiuninnsd Sraosfiama
V09598 A8mMATIALIIINTETS (Ray Tracing) WageenkuUIEUUNIUISIE (Radiation Shielding) @115y
TLUUAAEALAT SWAXS uag GIXRD/TRXRF lridlauuaensiugaan

TunseenuuuraesgUnsalitadsd Iiimuamnumnvesinisfdviinngfuagisanuain
A7 6 WiveIrNuIaANeuSEasEu (6 TVL) waefvuamnuniiafiednifiundauannsedlngld
A1 3.5 Winveadmdludues (Moliere radius) NanISAWIMNUTI SnTIUSHIUTEUTUdanT 19N URNIY
n13A09 o fAU1Ue Front-end stopper 8ANgRie 1.42 Sv/hr wifletestudiemdesediamuniny
W 20 WURLAT WazaziIAINAYT 30 WwURes @unsaanuiiiassdasnds 0.24 uSv/hr uaz 0.89
uSv/hr MUaRU

uaﬂmﬂﬁu ﬂ’mmiémw%uﬁaaamLUUﬁwﬁh%’qﬁLawwqm (Local shielding) mﬂuﬁuﬁ Optical
hutch léuansliunuamsnisindegunsaifoafufidndy wWu Cu mask collimator, DCM Collimator
waz VEM Collimator tnefinslémedmaiunun 12 LenuﬁLuml,ﬁ'aﬂaaﬁu%’qﬁwsuﬁamwawﬁsm:ﬁ
(Secondary bremsstrahlung) wag mmimmiwmamau (PE) L‘WE)@le‘UNﬂu'Wﬁau‘VlLﬂ(ﬂﬁﬂﬂﬂﬂiﬂiuwﬂ
NBIINN1TBBNRULTEUURMT S avunil mmaaamwauwalmamwﬂsvamﬁmw wazAIUANTiUTIM
saamﬂmamsmaﬂwuwﬂgumﬂ1iag‘Lumm%mmgmmmUaamaqaqmmlumu 0.5 uSv/hr

[y

AdAgy Keyword: Bremsstrahlung, Radiation shielding
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WAITLIAR 187550 FENUNM AT EUTHdansIae OWTaTs wasiumneanIseenkuuintessd  (2026)
LAY ANY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV

1. uni

TassnisiauneIosiniauasasny 2 (SPS-I) FuduinIosindauasdulasnsoussiu
wasu 3 GeV farduindrdglunisenszaulassadneiiugiuninside sgslsinig Wedinisss
aunrdianaseuliiingsugedisszauinedidnaseuliad dsnuunegimanideslildfenisiia
v a s d‘ | =2 (3 . v A 1 dy a [ 4 1
FadusudansiqenluisUseasd (Parasitic Bremsstrahlung) Sedmaniliinainaenalnndn laun
nMInddnaseundsugaiuluanaveuianinndsluszuugaayInia (Gas Bremsstrahlung) vin
TivanUasesadunuunnnsudnlUluviedndeuas uaznsnddidnaseuusdiungaislaasldouiu
dIUUTENOUNINNIENINUBAATDITINT (Target Bremsstrahlung) aunalvilinusingnisaiiuaunia

1 <@ . P a v a a

masimanluiin (Electromagnetic Cascade) Ninszldsssdoansauiianig

diaiases@ulasnseulasunsenseiundsnulviadu nginssunisvanUaessediusud

< = a o & a o oL [ . .

ANTIINASTUAMNTULILASUDIUIINZANTAWGIVURLUUNIALL 3N UMY (Background radiation)
wianil bl sl udseiuddgluniseenuuulassastanagsyuuadoas uadsdmanseny
lagnsssionnulasndiy minlidnistesiunsanuuazlauinsgiu Ssdmartlonansqriulasasng
sonuludunmesedldinuuazaunsainaaewing 14

mewmnil n1sUseliuyTinuTdedeianuuazniseanwuuszuuinUesed (Radiation
Shielding) adutumeunidrfyededaiisliiuiivfiAnuiianuvaeads steauaduiifegn
I AuiteAnyin1sAuinUsusdusudansig wieunidnasian1ansindounvesedeie
wiatALsEmMIde (Ray Tracing) NsdnaesiliinudiAylun1stigeenluulas AMMUATUIR AIIURL
AADAIUALNLYDIRUNTAIMTS e ER9 Wansivaeulvwiladnasliidsidusudansiqalunwn
@181 (Line of sight) ldnaeneanainnisiniivvesudentivsisdeenundnieuents Jedoyasin
euatuiasiusingrudaglunisadisssuuandesamenaiosiidauasasu 2 Tidaaw

a a

Uaenduuaziluseansn1meanmuninggu

2. Imguszasd
2.1 WieAnwmsnasdinsedewesdsdiusuanias
2.2 \iefinwimseenuuugunsaliesiussdiusuaniaedmivszuudidouasues SPS-I
2.3 WieAnwmsfuiuUiinasadiusuanisas

3. UBULIANITIVY
3.1 AnwmsiAasediusuansgsanieiesidiauasasiy 2 sefundaanu 3GeV
3.2 Anwgunsalmnassdviiacig
3.3 ANYINITIALTENTITIVRITIFUTUANTAeVRITEULALALAY Small and wide angle x-ray
Scattering (SWAXS) wag Grazing Incident x-ray diffraction/ Total reflection x-ray florescence
(GIXRD/TRXRF) Tagilglusinsu AutoCAD
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WAITLIAR 187550 FENUNM AT EUTHdansIae OWTaTs wasiumneanIseenkuuintessd  (2026)
LAY ANY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV

3.4 AWINUTUIUTIEIUTNANTAIVe9TBUUALAEaLAS Small and wide angle x-ray Scattering
(SWAXS) W@ ¥ Grazing Incident x-ray diffraction/ Total reflection x-ray florescence
(GIXRD/TRXRF)

4. WUIRA/MuEf/MENNIs
4.1 WiNans1SeReasls?
LUsHAan3189 (Bremsstrahlung) 1umluniwieesiiuiuiain "598vuae" (Braking radiation)
Tuneil@nd vuneds Ssduwimanlvihiuieonufieaynieniivszy (aevialufediannsew) anisan
< L= a a 1 LYY o aa o ad
ANISTeUAsUANIgeE1angIuTiL anMsnseyvesaudliiveseunaiiuseydu (neundde
funfgavatoznay)
4.2 NFTUIUNSAALUTNAENTIA
nszvIuNMsinUsHdanTgelaeTnluwd e sautseanduly 4 nszurunisadl
o e{' < a ¢ A aa Ao o ¢ 44' =
nsiadeuivetauna: LuNszuIuMAnUsIdanTquilediannsounindsuaatsgs (adeui
mennsigy) Jandlvludeagvsadnlnaldmang
dupsiseniuiiuedea: Weddnaseulsiudlinduinaiuadsavesoznen @duszquan

[y

WL IAnusIRagan1eliil (Coulomb force) seninediinmseu (Uszqav) duiluaded (Useq
U7n)

MIMeAuE e UAsufiani: L39FaRAIMIAaINTLARYE ﬁﬂﬁaﬁﬂmaugmﬁmwuﬁﬁ
Mensedeufivazirnuiianaced 1 9undy (Anenumiag)

a

mMstanUaeendsnu: mungniseusnEnaanu waaualvedidnaseudiuiigydsluainnig
gnutemugd szgnudasuasuneenuitugUvespduniivinluiln w3e ‘Tiaew" (Photon) He5ed7un
sonuidlvgiineglutiwes Sadiend (X-rays) n3esadunuun (Gamma rays) Fuegiundsanuium
YOIBANATOU
4.3 AnYazd1AYYITIEUTHdanI1a9
alnmsuwuusiewiies (Continuous Spectrum) iasandidnaseuusiasffiadugnuisuay
a @ [N Y] o aa ! = a v v d‘ v a <
gy dendsnuliviiy Ssngnuanddeseanundadseiundanuivainvatgvsvuiuly wadunsm

v A 1

awnasunsodlodagAindwugeanvessidiusudansigeasiirtgananlavindundsnuaatisudu
ada &

anuavesBiinaseu lngazindulunsdiddnaseugnindeaniisaungnainiuiivazUanudesy

NAIIUDDNUIUATIIAEN
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WAITLIAR 187550 FENUNM AT EUTHdansIae OWTaTs wasiumneanIseenkuuintessd  (2026)
LAY ANY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV

4.4 nszUrUMSaUIHdanT g msuATIn L lauaIBulATnTOY
dmsuinsaaniauasdulasnsoutiy Sadusudansigeasgnivansanty 2 uSunvdn vidlundves
fnalnnsiialasdulasnsoued kazluwdves SsdnuvasluieUseasa (Background/Parasitic
. . 4{ < < o o ¥ o a A .
radiation) BaduusziaudAgEntuN1soRNKUULATIE 1 ILAL TR UV L AEIUAIVSD Beamline
4.4.1 LLaae?mIﬂimauiug'ms "Magnetic Bremsstrahlung"
Tumsildndudn uasdulasnsouismdnuiieldeu AResidusudansiqeguuuunis Weod
a a ! v < ¥ v < 1% LYY b4 a a & 14 v 1 <
ddnaseugnisslrdianusudilndanuduas uagnUsdulmudsuiianie (Gealas) Ingldauuusivin
971 Bending Magnet %39 Insertion Device n1sildsuiianistvinliiinanussluiuniad dealn
Sranasounnssdudindnlninoonun AuuanasAeAIURYIINTaN1SIUE suTian1eiiiAnein
" - P & a = - = ¢ o
auuwaivan’ wiunasduaunlniwesiedsamiiounguiusudansiganily
4.4.2 %’x‘lﬁLUiaJﬁam’lqamaiﬁﬁﬂi:mﬁ (Parasitic Bremsstrahlung)
Sedwsudansnaeilifiaszasd Tanann 2 wiasidavdniuiswnuiniiudidnaseu (Storage
Ring) 1um®

o Gas Bremsstrahlung wiaviednifivdidnaseuszilussuvguayiniaseaugaiiey

'
a

(Ultra-High Vacuum) wifdaanidedlildfiasiluanavesufanndaeg edidnnseufifindanusssi
Inedidnnseuliad et wndestndauadulasaseuseiundny 3 GeV lnailedidnasouiadn
guindsaveiananii ddnmseuargydendrnulategrsdunduuazUanlassssdunuun (Gamma
rays) ndsmugang semn Sedunuudagafudueuasiulufimmadetuuadulamseusasmzg
WU luvievas Beamline

L Target Bremsstrahlung (Beam Loss): Lﬁ@%uLﬁaﬁﬂﬁLﬁﬂ@liaumﬂﬁ?quﬁaLﬁﬁmm‘w
nan9lAas uagwut vuiuesAUTENoUNIINIEATNYBIAT 09 LU B avadnYINTA ABAFLULADS
(Collimators) ¥30f3indu yilAAN1TaT 1959 dUTHdanI1qIwUUNTETI0NUITOUNANIY TagiTen
ﬂi?ﬂgmiiﬂﬁﬂ’l Usngnisal "lusyniamaudwianinin’ (Electromagnetic Cascade %38 Shower)

1. aunIARNNIENU (Incident Particle) Liladidnaseundsiugs () Fulueuniadusiu W

9

Y

ddnansiiiuaansnioTanaandussd (Absorber material) lunismeaessii@ndinfeyldsn i

WakazlaveyneNgl Wu nna (Lead) Wasniiduadsavuinlngjuaziiauuluinduty Jadeiiy

lonmalunisiinufnsen
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LATIAR WAIEITTR] F18UMIAMUIUTINUTEUTIAAN1q9 L3EnNTade wazuuinansesniuumUsssd  (2026)
WATAY AMTUTLUUAIALILENDUATRIN L ALASAENL 2 TEAUNGN 3GeV

nszuIUNSAnduayNANImAaNINT (Electromagnetic Cascade) dtunaunsioluil

neutron

Compton Scattering /,_,_——\ ‘

etle-:
photon (r.n ’,7.
-
B2 il
. ;

high-cnergy

clectron

B: bremsstrahlung
P: pair production

0 1 2
b1 -cost)
13

m

Radiation Lengths (Xo)

U7 1 nszvaunsifindueynianiaudmantnin (Electromagnetic Cascade)

2. Sedusudensige vse $9891Nn191U39 (Bremsstrahlung / Braking Radiation) Lile
didnaseunnusiguadeuiiduadilulnddedeavesesnanluian awulwihisuwswesiuafvasy
Aaganasnilididnaseudequuiieniuaziinnuiianas mavasuwlasrnusiegadunauilvinla
a & = [ 3 [ d' & ' v a =
dinnsougadendsnuaai Inendsunmelutuazgnuantdesesnunlusuuuuvesssdunuun w3e
Inlnaundenugs (Y)

3. M3a319AUATA (Pair Production):IWnaundasiugs () Musesnunainde 2 agiunig
seluluiiadan Wedwafouniuusnaauinliinvesiuafsadu nasnuvednnauaziuisuanin

<) 2 1 Y a I =3 & a o _ a
na1eiluuia (Muaunis E=mc?) neliiineyniadlniduin fe Bidnnseu (e) wagauninujaasves
ffufie ndnseu (e) lnunszuiunistanievuldnsolielneulindsuuinndt 1.022 MeV Jawiiu
atlwedidnasounazindnsousiuiu

4. msiialusYNALUUAAnNA U (Electromagnetic Cascade / The Shower) 1A0%299
Aauisengnldseiesludon Uszneumedidnasounazlndnseuglndiviagnadnetiu windad
naugane Aezlduruniadenianieadue uwaziianszuiaunis Bremsstrahlung 4180 vilw
UanUaeelrneusulmioanuniudulnneusulmiidndsnugs Azluiinnszuauns Pair Production

v a a S a [y & a a [ S aa
as1endianaseu-Ingaseudidnuiunsifiaduiuunian 19asnswWasundsnulluni @idnaseu
asalilnou —> Wnauassdidnasow/Indnsow) ssindug1q vlruueunaieduuudnglnuy
\Wea (Exponential increase) nsgneipanliuanvazasenunn J9gnisendi "lusynin” (Shower)

nnsauanveuounIa (Shower Maximum and Decay) 193silagliliinnaanly usagsiiiu
lUaunseianssuaunmswusdundnuilisuniausasidndauai vanawiniiseauigenidn
"WaswIngm" (Critical Energy) ofisgatiu Sidnaseuuazindnsouazaqdendsuluiunssuuazii

Tilsanavesianuandadulesou (lonization) u1nndnsunedlnnauazgyidondasiuniy
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LAY ALY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV

Usingnsainendiiu (Compton scattering) wazusingnsallnlndidnnin (Photoelectric effect) il

[y

wasuldneagasiveuntavdladnsiell nssuiunsninaasvgnas uagHuaunIAITABy Qniannn
Fuauaanesialuluiign

4.5 Radiation shielding and Type of shielding

o = [

luniseenuuumyUesidny azdesmidsisdadovalond1s 919 81U TNTaNEaIweesed

o o o v [ P YU

3o aun1a Janidenldlunisdesiused aunuivesiannly iWesanmneenwuunieiienlydan

q

0 v v A

s lgnaile wielizinsid viseuniaiideinislestuiiufossls Aaglianusneenwuutaninvelsd

9

o o w

logegnaes lnganunsoasianmidessd wenauvlineumanses unanisnegneatavesisdlanigy 2

9

Paper Metal Lead Water
Concrete

[y o v w

JUN 2 Tanindessd uenmuvlineyn1ansesnuIaNIsnEqNeaIaYeeied

1) $eduear (Alpha - Q): fgwnavzanzasian WWesndueuneaifvwalvg @ueduaves
smddsn) wazdvszyluihuan yildgadendanusudevuivorneuvedaals ue Nz
(Paper) UHwify? M3audlusfntistuuenfineudivesuywd Aaunsanusidusanilanmue

2) $9@den (Beta - PB): Wuounipdidnaseu (M3elndnseu) Jadlvuindnuaziuiniuweariuin 39

1 a v v & A v ¥ SV vy |
neaunsyawiasidad vl anyudlanug uifaunsagnugadalaniy urulans

a a

U499 (Metal) W axgilifley wHulyd visowarafinuug
3) $9dond (X-rays - X): iundunimaninimdanugs liflinasasliivsey veqriusianiy
wywdlas Felleudunldnemsunndiveniieninnsean) witsgniunsegadulalneianiiaiy

WUMUUERT WU ulunzia (Lead)

Technical Report 6



WAITLIAR 187550 FENUNM AT EUTHdansIae OWTaTs wasiumneanIseenkuuintessd  (2026)
LAY ANY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV

4) $e@unun (Gamma - V): Wurduudwmdnlningudortuidiend widhiidusiaanioedea
wardindanugendn fwnanganeaisgaun masvaaneunieduisdununliaonsodadld
wHUAZHfivuINg vive AaunIAnIe

5) aunAianseu (Neutrons - n): Wusymelufundeailifuszqlnih vililidesyifizentu
usaudnlwihvesaas Smeariutanuiing egrdlavevdonziliauisn uiisfiaziunazan

[

2 a v al & o Aa v a o = o= v v 3
ﬂ'l']ﬂJLi']u’l@]i@u‘lﬂ@IW?!ﬂ ﬂ@ﬂ'ﬁsﬁ‘UﬂU'}ﬁWWﬂJﬂJ?a&LﬂaLﬂﬂﬂﬂu UUAD ﬁ']ﬁllaiﬂilﬂu ‘UQG\@QGLGU U1

q

(Water) 5o Tannillalasauas Wy wanain w151y #3e Asunsn (Concrete)
Y

9

4.6 The thickness of shielding

TngUnAuLdIn15AIUILANNLIYEINUeSeE U3e Shielding fnagidunisAmuiumnumun Tenth-
Value Layer %39 AnAuvunannaussdas 1 lu 10 narrennuvuvesianineianuisnannauniny
Wuweead (ntensity) linzgriulaiiies 1 Tu 10 vesnnuduiEusu (M3eanas 90%) Ailidunisfives

v wa

drfglunisenuuukarAUINAMUNUITEIINTISIE (Radiation Shielding) weluituniujURnudaiu

Uaeadenuuinsgu lneasendeaunis Beer lambert Tun1sdAwiu Asaunis
—_ —ux
[ =1Ie™#
lny I = Sefiingasin
[o= S9@nannsznu

U = Linear attenuation coefficient

X = ANUAUIYDINIUISIE (cm)

[ % [ b —_ IO [ gj
A3150ATUIU dNNITANUEUNUSAURWT TVLagle | = E NUU

Iy
10
In(10) = uxryy

— —ux
_[Oe HXTVL

In(10)
U

%
I A v o

d15uA Linear attenuation coefficient, U \uAiiduegiuiaguaaids amnsanisaauld

Xty =

INFUNTT
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LATIAR WAIEITTR] F18UMIAMUIUTINUTEUTIAAN1q9 L3EnNTade wazuuinansesniuumUsssd  (2026)

LAY ANY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV
H=HUUnXPp
o . .
M) Um= Mass attenuation coefficient (cm2/g)

P = density (g/ cm3)

A v A

TAgAN Mass attenuation coefficient @M%SUSIFLONTUIDTIAWNNL AD NATINVDIANUUIIY

[ [%
[

{1 (Cross-sections) ¥eens¥UINTEUATATEN (Interactions) Hugiuianun Alnneuvessaditald
nsgfvezmewasaamneaiuasniuszneulufe 4 nszuauniswdn 1éun
1) Photoelectric Absorption %38 nMsgandusuulnlndidanyin Tineuwuiudidnasouluduns
193 (W K-shell 30 L-shell) uazareloundanuimualididnnseungaoonun Tusu
A1 Tender X-ray spectroscopy (T9Wa391uUsENal 2-10 keV) nsvuvIuMsiazisvina
unitga uaztlunalnudniiviliisuiiulasiaiis Absorption edges luainny
2) Rayleigh (Coherent) Scattering %38 N13N3¥LAUUVEANE Y Tnouvuiudidnasoud in
wilenfuiuedeasgrauumn illineuddsuiiemalagigydondanu
3) Compton (Incoherent) Scattering Wsan1snszidsuuulidangu Tnouruiudianasouds
uangn yhlslnimeugadendanuuisdunaznszidsesnlulufiamedy
4) Pair Production %38 M3sa¥1sgeunia Tnneufiiingsaugenn (gendn 1.022 MeV) indoud

wnlndaunudiedsavazaaesnatsidudidnaseunazindnsou sinldassnulugunday

s _ [ H
( P ) compound Z v ( p) i

T o K

Jiotal () = (2 )photo(B) + (=7 )eompton(E) + (7 )pair () + -

Y2uAITULATATOUT LUAIALNNS

(

T I=®

JUN 3 uag 4 uanansamAuduiusues Mass attenuation coefficient AugImAwN YR U3

¥Rz LA My FalasUnAlunIIAIUIUNIANANLNUNYRIA1TISE tatdun1sAuIu 15azlden

a

Mass attenuation coefficient fimianlun1sAuIL iedaatnan1sainuenanlunisdesiussdves

A0S
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LAY ANY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV

Mass Attenuation coefficient of Lead (Pb)

1.0E+04

1.0E+03

1.0E+02

1.0E+01

Lowest MAC value of Pb

1.0E+00 is 4.20E-2 cm?/g)

Mass Attenuation coefficient, L /p (cm?g)

1.0E-01

1.0E-02
0.001 0.01 0.1 1 10 100

Energy (MeV)

U1 3 n319lAn Mass attenuation coefficient of (Top) e (Bottom) Waaimu

Mass Attenuation coefficient of Tungsten (W)

1.00E+04
1.00E+03
1.00E+02

1.00E+01
Lowest MAC value of W is

4.04E-2 cm?/g)
1.00E+00

1.00E-01

Mass Attenuation coefficient, L /P (cm*/g)

1.00E-02
0.001 0.01 0.1 1 10 100

Energy (MeV)

UM 4 n319le Mass attenuation coefficient of (Top) fef (Bottom) Taaww(eie)
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WAITLIAR 187550 FENUNM AT EUTHdansIae OWTaTs wasiumneanIseenkuuintessd  (2026)
LAY ANY AMSUTTUUA LA LILAIDUATDIN TN LASANY 2 SEAUNSIU 3GeV

911A1 Mass attenuation coefficient 1518 1U15AIUIAIAIINAUT TVL (Xy) V99 HIENIkaY

Paamy lonat

cpp_ (0 23026 23026 ...
Xy O = T T T L X p  42E—2x1134  ooroem
In(10)  2.3026 2.3026
Xry, of W = = = = 2.9531cm

U UpXp 404E —2x19.3

FelAgUNALAINITEONLUUANUNUIVRIMUY ilalraavouauuvessd Tuniigawiiuai
gousuliven1nIgIU International Atomic Energy Agency (IAEA) W 9¢l8iAn 6 1inueg Xqy 3o T

Ssdasnaulua 0.0001%

1 W XTVL Sedasveouas  10% (1071

2 Wi XTVL fidaanouas 1% (107

3 i1 XTVL Sidaaviouas  0.1% (107)

4 Wi XTVL Sidaavouas  0.01% (107
5 i1 XTVL Sidaaviouas  0.001% (107)
6 Wi XTVL Svdamveouas  0.0001% (10

seuansaasuaunuIvesmdsuia vsanu wag Az A Useanm 20 wuRlieg uay 30
WUALLAT ANANY

MINA 1 ATIETUANUnILAZAINN SRR Tarlinmieg

Mass Tenth
Critical Brem. Radiation Moliere
. Atomic Density attenuation . value
Material . energy attenuation length length
number (g/cm3) coefficient layer
(MeV) length (cm) (cm) (cm)
(cm/g) (cm)

Concrete 11.1 2.4 2.03E-02 a9.7 20.53 47.21 11.06 4.71
Heavy conc. 315 35 3.12E-02 21.2 9.16 21.06 3.77 3.77
Polyethylene 5.28 0.94 1.66E-02 101.5 64.09 147.4 47.6 9.9

Aluminum 13 2.7 2.27E-02 42.7 16.32 37.53 8.9 4.4
Iron 26 7.8 3.00E-02 21.7 a.27 9.83 1.76 1.72
Copper 29 8.96 3.07E-02 19.4 3.64 8.36 1.44 1.57
Lead 82 11.35 4.20E-02 7.4 2.1 4.82 0.56 1.6
Tungsten 74 193 4.04E-02 8 1.28 2.95 0.35 0.93
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2.5 Moliere radius

block of matter _
<— eg. lead atoms

M

on, Cherenkov light

lonization, scintillat

JUT 5 wananisnseatemilukuivnaiiesuniavsesednnnsenuasianmys

Jumsdwesmeaidndilduendnuae "n1snszateflunuiving (Transverse development)
yasHuynALmanu (Electromagnetic shower) iilafloynandssugs W Siénasou n3o Tl
pou WruLasAnUfiseluilovan

Taenddauddguinlunisesnuuuiad pansiaduouninlszinn Electromagnetic
Calorimeter ins1zaglwimnsuazdnidnduszidulain wuwesniofisudygraunaziinganisd
yuawiila Jsazfandanuveseynaldnsudin wazaansausnuezsumisveseynailadianlngs

fiu (Spatial resolution) lamlagldiinnisniuiuvesdyaiu wiednteilsde Adaziludiiuuaniu

2
v v v a =

N11900910s5ed Aaunsariedesiuseduazeyniaiiinduldnaseunulasliioynianiosedneg

%
o a

1 [ 1 a ¢ al=® [ A o o & o J 14
ponU1 laeA1 Rm 1UuAmstiwesndunuedavesiaaninunvindunds I@ammiammulmmaumi

q

I

RM = XOE_S

a

el Rm=Moliere radius
X0=adiation Length (cm) (W=0.35, Pb=0.56)
Ec = Critical Energy
Es= Scale Energy (21.2052 MeV)
Z=Atomic number (W = 74, Pb = 82)

Y

1nga1n@un1s Rm mmsa%’mLﬁuammﬂugﬂaﬂwhﬂmmﬁ

Ry = 0.0265 - Xo(Z + 1.24)
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LSIEIUITOANUIUAT Rm U89 98U way aznalasadl Moliere radius 999 ¥i9aau SAWMNAU

'
[y

0.69 WURUAT LarA1 Moliere radius 989 A¥A7 AAWNIAU 1.24 WURLUAT

f1 Rm 1 Inefenuuda nssnszuondidfafiviiy 1 Moliere radius (RM) azasouaqundaudi
avauain shower lutaniudsana 90%uazisadiveneidu 3.5 azfnfundsnulddeUszanm 99%
Fadulaanuddnlunisesnuuuiigaed

1 whRm Anfundsnulanedssann 90%

2 W Rm AndundanulateUseana 95%

35 wihRm  Andundsnulaneuseann 99%

4 W Rm  Aniundsanulaneusyana 99.5%

1l

AIUUNITBNLUUAINNNINIBINTISIAAL LY A1 3.5 WiNUee Moliere radius (RM) laaiiae

Y

2.45 kay 3.71 WUGLLAT 195U TNEULAE TNl ANNAIAU

_____
—————
i
————
o
———————

e m———
e —
e ———

GB Source

FE collimator

i v Av A ¢

JUN 6 nMspenuuuideisdiediusudansngs

2.6 Dose rate of bremsstrahlung
dmsunisauiuATunusdiusudansiqaiy annsadwiulaainaunis ves Ferrar A. lnedl

AunsRatl

E, )2.67 L p

— -27 _
D =25x10 ( d(L+d)IP0

myc?

Ing D = Absorbed Dose rate (Sv/hr)
E = the primary beam energy (MeV)

m0C2= the rest-mass energy of the electron (0.511 MeV)

[ = Beam current (e/s)
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L = Straight section length (m) (Bending to bending)
d = the distance from the end of straight section to the point of interest (m)

P = Operated pressure

-9
Py =1x10 torr

fav 2.5 x 1077 WumipaiinuiannnisusuLisuufusuuinass Monte Carlo wnluenans
vaavukanar iy 2.5 x 102 tumenisauialuniig rem/h 199370 1 Sv = 100 rem
waNUIAFUNANAY Lorentz factor MENAGIENT 2.67 HUMINEAIINTT YINLATDITULATHTOUTU

InaiNgnseAundanugu aziinginssunisuanuaessad Bremsstrahlung NIJUMSINTMANRUUNI AR

a v Ay N v ° ' Y] =~ o v
nsUsplusedneaunisidsiesiegesanuiiioaantuy Beam stopper waghils Hutch Tiviuuag
UaandoLieang

NANIZNUIDITZUUEUQINIA aunisiuandliiiuindnsnsinasidulsiunswuudaduiu

ANNAY ASU NRAVREINTAEeNANIN (Vacuum degradation) luuSians Straight section 801

£
1

YSunauadnnainvioauasegauriunwuiu [Ref]

Y

¥ v [ v a [ aa cag ¥ a
AIUVUUDIINE WaﬂﬂqusﬂEN503"5]8%?]@@1/]@“@'1315883‘1/]?%1]UIU@qMﬂQWWQWﬁﬂﬁWI%@ﬁUWElﬂ']5

v v a

WAL ULUAIANUINYDITIE 1EIDTLEENI9TENINAaINLIATIE DarnuurusNsiaula se Ainsed lae

AANUANNUSLUULUITNARUAIS G0 %30 Inverse square law lagiilaSsdiuNoonNULnaIALTALUY
. < A a ‘g 4’1’ aa a g < [ 1 [

90 (Point Source) 9¢N5¢A8NLTUNTINAN LIDTLULMIUALTY NUNRINTINANLNT U UFAdAIUAU

9

r? Y lAANUNTUYRISI@RBNUN (Flux 1138 Dose) anadwUSNNRUNUSEeENI98NA1a3809

sphere area
4nr?

intensity at
surface of sphere

source strength

The energy twice as far from the 21‘
source is spread over four times
the area, hence one-fourth the intensity.

U 7 Anuduiusvesnnudnssddeseeenng
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Y

FINUANNTOVDTINANNITU R LN AUAN NN TATLIUAIAINUNUNIVBIAANUINaANaUSIE 10

9

Win %58 XTVL 2z leaun1snad

X
DO10‘(TVL)

72

A @

gl D = YSunauSsdvisednsnusunaised (Dose rate) ad 9aNABen1sAIMIn (MAHUAITITIE)

o A v

DO = USunaussdisusu (Initial dose rate) Ingunfae Inseaean9de Wy 1 LWnsanwiaInia

o w

wazlidYannida

q

'
o o =2 =

r = 53881INRAIENTIE fegafidenisAuInUTIMTeE

q

X = AnunuveddaniUsssd (Shielding thickness)

o w

Xt = A1 Tenth-Value Layer (TVL) vaeiann1dssedudintu o Aonunuivesianfianuise

q

annauUsuNuNSIFaunde 11U 10 vaIUsuamy

Cember, H., & Johnson, T. E. (2008). Introduction to Health Physics (4th ed.). McGraw-Hill

Education.

4.7 Literature Review

4.7.1 Taiwan Photon Source (TPS), TAIWAN

d1M5UN1500NIL UL Radiation shielding 489 TPS Hu agpanuuuli Shielding @1u1sa
fusedlvieglusedu 1 mSv de U agldtiainisvinaiu 200 F3lus lagen Dose rate N1USIHIYDY
Hutch fA1U3unassdaing 0.5 pSv/hr Iae TPS lafinsan uwrasduia 3 unas leiun Sediusudnsags

a &

a a a & ' . . I~ o
MinnNsgadeddnaseunigluismuiulszaseningnis Injection laela Shutter Ssdiusuan
v

Fgenuianiiaanadidnaseusuiulianauialuvie uarssddulasnseu lnunmsiun1sesnwuy

szuulesiuiadues TPS uannagy 7
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Watsr Cocled E beam ;
Photon Mask dellector;

Undulator

Loelliator

Diffractommeter or 5 Finhole o
Exparimental Setup aB B Aperture

Fuperimental Huteh First Optical Huteh Front-Fnd

5UN 8 amsiunseanuuuszuudaaiuadves TPS

Tnenseenuuulsenaulusie bremsstrahlung collimator Tnediindussuussureausou i
photon absorber wag heavy-metal shutter (HMS) #30 158071 safety shutter lag Collimator 4w
1N AEMIUIN 30 WURIAT YT0VANLITN 20 lwURlles lieaanduwazUeaty Electromagnetic

A a = a a . .
cascade MAnINNIgaydsveBiannsauniely shielding wall

Famoslanguiin (HMS) Aflimrwanunsalunisidasinfureaduines gnosnuuuaiielates
Fuumduas swddadunniiiiusdensgeiivansenseniilaenss awdimsfadsainduandumis
(Position switches) Wiudmneslangminifioliaunsoindeuls iioliuulaingunsalvirauld
auunfuaziiiededyaadumedden (interlock) 11Jé’fﬁzwmu@umsLsi’hﬁaﬁ’amﬁﬁ’ﬁmmmé’maqﬁ
oglialy mansdwaandiiiuinamudusies HMS dwsu TPS dadld 6 wihvasmununanied
a9duii1 (Tenth Value Length: TVL) ieliinsanneussdiiisans Jaflsuwinduaeia 30 v, 3e

PI9EHU 20 YU

%&991A Ratchet wall 9idu Optical hutch FaneluagUsznaulude slits, apertures, mirrors
wag monochromators Iaun1elu Optical hutch Az Sed high-energy bremsstrahlung Lag e
Fulpsnsou 1ae High-energy bremsstrahlung ﬁjuazgﬂa%fwmﬂmsngLﬁawé’wumaqLLaq%uIﬂmmau
Sevuluanaufaluviedidosuasievuszuurimumansnglu Tagannsamuuassinauemiandudu
903 bremsstrahlung TH1naun1sves Ferrar A. ves svuudndsasiifiunasiidauadulasnseuiy
qﬂﬂiait,l,mmmuégu (Long Insertion device(ID)) wuus11 (Shirt Insertion device) Wag wiiindnaead

(Bending magnet) a1 TPS éiannsnedi 2
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a;' ! 1YY o Aa I o a a
A5 2 ANUSTUIUANUYUVUVDY bremsstrahlung SUE]\ﬁﬁg'U‘Ua']LaEJQLLaQVlﬂJLL‘ViaQﬂ']Lu@ILLﬁ\‘iGUUIf’ﬁmiﬂu

Ju gunsalunsnuuy uay uwilwidnaesdives TPS

Long ID ID BM
beamline beamline beamline

Length of air path (m) 18.8 13 6.1
Distance from dose point to air path (m) 13.1 135 13.4
Bremsstrahlung dose rate at 1 nTorr (Sv/h) 3.25 2.62 1.7
Dose rate behind 30cm Pb stopper 1.94 1.56 1.01
(uSv/h)
Dose rate behind 20cm W stopper (uSv/h) 0.54 0.43 0.28

d115UN15119 Bremsstrahlung raytracing 48 TPS 1u laddomuuanisniiinesnige fadl

1) YWINYeIUaIAEdn Bremsstrahlung : YUIATOY LaIALLA Bremsstrahlung ¥89 TPS iu

gnrmuAsie Cross section 83 2IATITVBIBLANATOU NAIAS WIAVDY Chamber 7

a & a = Y Y} Y 1% 44' ] |

BLaNATAUIN Feaslimeiunang JULUUTUNUBIAUTENBUTDLATBAIY WU Chamber U84
wiwdnaeed (Bending magnet), chamber vasuslidndds (quadrupole) wag chamber

1 <3 Y] [ 4:1' [ 3 P 1% o 1 1J a

YOWUUMANUNTT sextupole Aaanslugun XX dsiuiielvnisiuiudiswazidunisysaiy
WomuAaaLAday TPS F9lUA1 uInveIumrasniiiln Bremsstrahlung fis 68 mm Tu

WUIUDU LA 30 mm TULUIAS
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_pll mm

| aY]

o elliptical

t=4 mm 68x30mm

SUN 9 unves unaeiiila Bremsstrahlung ¥es TPS

2) #IUR9Y8a9 Source Bremsstrahlung: @1%3U bending magnet #ML#U9YDI Source
Bremsstrahlung %agjﬁ NIUENUY synchrotron centerline WazuialAIwos bending
magnet WAd3U Insertion device beamline M3 Source A¥NANUAUIHIUNINE

Y89 bending magnet
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Plan view

BM Beamline

—

Centerline*“v_m_7_7_7__7_7__7_,_

FE Collimator To Ring - T
center + T 77 3i)mm

Source Size

Plan view

DB li e- orbit
Centerline. - -1 | ——— Su—

Source Size

UM 10 fuvisvesunaaniiia Bremsstrahlung Y895z UUANALILES bending magnet wag Insertion

device ¥99TPS

defmuavuiauagiuvsesunasindaldud dnviununinuansissyidvouuengn
(extreme trajectories) ¥aI39AUIUAYNTIQY (Bremsstrahlung rays) Inen1sainidusaduounanain
uwdsiudadaedludmouduluresgunsaimtsivinonun Wy aeadiuined (collimators) Tamas
(shutters) wazanoUiUes (stoppers) WHUNINNITANLFUTIFUTHAYNT1899ElATUNIATIvd0ULAY

AMZATINNITNUNIUAMNUADAN UTZUUEILAB9LAY NSRRC (NSRRC Beamline Safety Review

v v A o 1

Committee) LiegudunugnAsdLazLiisnaainIToankuusrUUMUssed Megauanasiagui 11

' [
] U o w

Meg19rauNUn kAR TiuN T8 S EusIdYRsIgaTigniu 3 sUwuuiigndriaveuwnlnetes

Y

o
1 (Y a

a a 5 o o 2 A o ! a val
\WUAYDIADAALULADT %mLm@ﬁaVﬁVﬁJﬂ Wag ratchet end wall LUuwuqaﬂLﬂmﬁqﬂqimﬂmﬂﬂ@aﬁLQJLWE’J{L’JV}

duninaIusaYIeanyun1sNsENeessidiusudensgmisgineadeaonoenaintesdave i

9

N o Y = v v [y o a

Uawanasldegraiivdfey Feavyrelinisesnuuussuumdsisddwiussuuaibsuasiinnududou

11p8a4
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(2026)

nsaanaudInsunsAUeSdusHdYn19991nuAa (gas bremsstrahlung) ANNTEHEALYINNT

[
v

11911737 95% YpIAELAR (cascade) 2

Y

v 3 14 [ o v u o A ¥ v
ﬂﬂﬂﬂLﬂ‘U‘l’Jﬂ’WEJI‘LJ‘Ua’eJﬂﬂ’TU\ﬁQﬁLilE]QﬂﬂiBVIUﬂ’JEJiQﬁL‘UﬁJﬁ‘UGﬁ’]

3 . 3.5 Wiveasadludwes (Moliere radius) 198 TPS lan1nun seesilavauduanii 5 au. dmsu

AT LAY 3.5 U, A1UNSUTIANIU

QOutboard

BM or ID Source

>

Electron \Trajectory

Inboard

L.
FE Collimator
(L0cm W or S0cm Pa)

Heavy Metal Shutter
(Z0em W) :

-— |
Storage Ring |

Ratchet End Wall

{120cm Concrele)

L

BL Shielding Block
0o V¥ or 30cm Pb)

Edge ."

(Zem Wor Cr“‘ﬁ Pap

EU n 11 ﬂ’]‘WLLﬂﬂ\‘iLLNUN\‘iﬂWSWﬂﬁﬁiﬁ\‘iﬁwimﬁ(}ﬁaa\‘i (hJ(?]’]?,JiJ'Wﬁ’]ﬁ’J‘lmi\‘i)

Wnuneaagauean1sanidused (ray tracing) Aanisnsivaeuliuulainluiissdusudunsngaly
=3

wwEem (line of sight) MAnanvuIRTBILaITlind aesaNsadnaanpenaINNSANALTBIUABN

o

v v A Y
AUa3ed
adeuaslunniianig
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ID47 Y R4R &I B ¥R 5748 B 2% FE 18 Mt Bl (= %7 B #920240315)

PE PE g PE |PE
120
N @ 1200
Lo T
—| =0
SHs ° 1 | 300
: < ~| o Q
g 98 g8 Y| \3Y g *EEE *
E I +- S ARE S 5 © -
g 4| =-H] Z T P — e —— S I —
— __L_ || e ————
1= - I bg
3| @ { 8 -
= el M~ .
o) © 2 Top view
300 | 205 || A 225 il i
590 o 225 1= 510 ol |
&| aas 345
SR W - R
$ 114 s — =71
- w =] oo o -
N N g B ol 29 |8 9le
N = - 2 3 9l o o
RIS 1 | 3 %33 "’
[ L —
o o
M~ .
] = =AY &
uwy o . .
- [ N Side view 1
shielding #5 VFMI center | | ‘DCM center Shielding #0
(w-alloy) (8 mrad upward) (15 mm offset) gremssirahlung collimator (Pb)
Bremsstrahlung Secondary L
stopper bremsstrahlung Shielding #1 o 10
shielding (Pb) ?ecﬂc;ndkonpftt))remssfrohlung shielding SCALE
| E SRS | shielding #3 (W-alloy) or Mask (Pb) e
B i flinterlock shielding #4 (W-alloy) Bremsstrahlung collimator-2 ‘shielding #2 (w-alloy) :
EH= Bremsstrahlung collimator-3 Bremssirahlung collimator-1
Er 1 1<+ Optical Hutch
/\
R ‘ | | K
34000 VM 28000 DCM
42000 | 40000 35500 29050 23000 4500 O
HFM 29300 23450
40500
Acrylic WALL

‘gﬂﬁ 12 Bremsstrahlung ray tracing ¥4 NSRRC
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4.7.2 National Synchrotron Light Source Il (NSLS II), USA

Tudauves NSLS 11 Alaiin1591a Bremsstrahlung raytracing Wuligaiu lagdin1sainun

AmIimesae lansil

1) YUIAUDILRAINLEA Bremsstrahlung : 9UIAUDY LAaIAILEA Bremsstrahlung 989 NSLS Il 9%
QNVUATUIAYDY Storages ring vacuum chamber ¢93U 12 lag dvwia 25 mm Tunwinsuag
wsluguYBUUILOY MU Out board 9xdYWIA + 35 mm NNINa1e Tudwes inboard 2N

AMNRUANIBIUINVDITaRUA Front end collimator

292.76

218.75 35

]
o

86.61 47.6 | L - 25 49.14
e —
10
«— QOutboard Inboard —

SUT 13 vuinwes unasiiila Bremsstrahlung %8 NSLS I

2) §unisyee Source Bremsstrahlung: NSLS Il T¥@unis Downstream @84 straight section
L‘fJUGTWLLMﬁ\‘isU’EN Source LH99910 223 99UBINTITUTTUIUAISIND F1SUNITAUIULN AN

= ! v Y < o &
ANUAEUDINIINERIHIUTDITIE Bremsstrahlung Tngansnsaasusanunlaunnsnedall

A19199 3 AFLNUIUDY Bremsstrahlung source o4 NSLS i

Bremsstrahlung Source

Location
ID Beamlines (8 m straight section) + 4 meters
ID Beamlines (5 m straight section) + 2.5 meters
Bending Magnet Beamlines +1.3 meters
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Vertical Bremsstrahlung
Ray Tracing 3R I_

Oriai ———— -
iging S

0 Vo R o R

Source 3R I_

Collimator Stop

'
v o

JUN 14 msmvuaauninavesinvesad@uas NSLS |

v v A

lun1smnuanunineenidesadves NSLS Il azgimuamieen Moliére radius Wulagafiuiu
TPS ud?l NSLS Il azldi@n 3 wirvas Moliére radius wihtiu Tudiuvesaiumun NSLS I Aagldruinsgiu

WuAD ANUNUNVBINYMNIBEN 30 WURAWAT UAT ANUVUNIVDITIAAUBET 20 IWURILAT

1AgN1598NLUUMUITIAUBY NSLS 1| U azUsenaumiey Collimator Inevinannmeia wag Shutter
anvisany Aansegnglufung Ratchet wall AuueniunsUsznauluaie Wall collimator, exit

collimator wag shutter AUAIAU
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4.7.3 The Advanced Photon Source (APS) USA

Nisy E. Ipe léi51891un13/1uunuminues Polyethylene (PE) ilagadundssuvesiongeud
Lﬁﬂ"ﬁumﬂmiﬁ Gas bremsstrahlung e wWhlang Iuﬁﬁﬁa Stopper %39 Optical element 7l Gas
bremsstrahlung 3svu Imawé’aﬂ'msuaﬂﬁamamz%uaguiﬁusuﬁmaﬁa@ﬁgﬂf‘iwu

Tnen1sAuIuYes APS 1y 1Hedu I8FuiuAn Dose 189398 bremsstrahlung nnelu hutch Tng
14 FLUKA Tngmaniamudn f13sd bremsstrahlung uen Hutch eguszana 6 uay 16 pSv/hr dmsy
Hutch Y1°997UT18 (119910 stopper 1.2 m) Wag AIunas (11931n stopper 0.6 m) Tagwanwlaaiuaual
ANUMUNYeY PE aanegfl 7 cm Tagldan Tenth Value Layer =13.0 cm dwiuAmdanuiad sves

'
aa

Tanseauil 2.0 MeV lagnasanyfnnd PE wa? ds1saanainulisdaandeiies 1.2 uSv/hr
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5. A3N15AHUIUY
5.1 Conceptual design of beamline shielding
PANNITAIUAAMINITONWUULUUAUISIFUDITTUUALASILES tnelisgasdunnsnalull

1) AM9BALUUAINULIYEY Shielding ﬁ?u%gﬂﬁmumé’wm 6 UL TVL B9n MUy
Azl 30 WwuRlLAT waz Teama Anunutegd 20 wuRuns Tudiuvesnnuniiaves
Shielding azgniyuasean 3.5 inwes m3esl Moliere radius Bilen 2.5 way 4 wufsnsdmsy
viaama uay sz AudIay

2) dmiu Shutter ogluszuugaannia azdfiunsly ssama arumunegi 20 wuRNS

3) @135V Shielding 499 Secondary bremsstrahlung 5ua31% vt PWINAINALT 12 WURLLAS

4) @ m3u Shielding 183 Tansau 1uagld Polyethylene 1y Shielding Insasfndanda1n Ratchet
wall ity n1elu Ratchet wall Hu alsifl iilosan Sanseuazgngadudie Ratchet wall agudn

5) dwdugunsalirumansivinliiinsasunuinisindeufivesuasdulasnseuy DCM VEM HFM
Budu 2sfininudsuutasanizuasdulasnsouiniy wi bremsstrahlung agdsasiiuuanis

d‘ A & 1% v a
LAADUNLUULAURN TINILAY

5.2 The parameters of components

lun1911¢ Ray tracing 484 Bremsstrahlung 1u 9zdesiivoyaraudaves Component
#1199 U949 Beamline wimhundusimnunnisvzaniueesssd lnesusus gunsalniely Front-end
AN FEUUTIALAAAS SEUUARERNNAINUY TITWInveiagayIne Idauamilus wenain

Toyaveulaudy duwiainsteyaninunuivesgunsal sudwiumiwesgunsal wiasBuindssesing

mmgﬂ@ﬁl,mﬁ\‘i Bremsstrhlung source 1111la
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15354313741
Source Fror-lt-end Optical glement Optical Hutch
definin 4 Collimator Ratchet Wall BL Collimator Experimental hutch
8 and Shutter BL Shutter P
Source size Opening size Opening size Opening size Opening size
Position Position Position Position Position
1D Thickness Thickness Thickness Thickness
‘I BM materials materials \

Drawing the cross line from
Bremsstrahlung source to
inside edge of the element

Bremsstrahlung ray tracing by
AutoCAD

JUN 17 2 n59udayaiifeani1sneunis31m Bremsstrahlung

5.2.1 N1%un Beamline

IngUn@uaIN13Yin Bremsstrahlung ray tracing Wuagfeviyn Beamline %38 SEUUALALILAS
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ey eliazninsen1sSeuiuaziini1n Bremsstrahlung ray tracing lngldenssuudaifganas Small and

wide angle x-ray Scattering (SWAXS) wag Grazing Incident x-ray diffraction/ Total reflection x-ray

florescence (GIXRD/TRXRF) Imaﬁmﬁﬂszﬂamzwﬁﬂumam%ﬁqgﬂﬁ 18 way 19

Beamline: SWAXS

Q 2 4 6 8 10 12 14 16 18 20 22 24 .26 28 3b 32 34 36 38 340 42 44 46 48 50 52

| 25 VEM=207 » a5
VU18 i HFI\{=30.3
i - Movable detector

I H | \,W Sample 7

F—H o o —

12
5UM 18 Layout S¥UUALAEMUAT SWAXS
27

Technical Report



LATIAR WAIFITTON FIBUNTAIUUTUIUTIEUTUFANTIA9 156WTaT Uashumamseanwuuidelsd  (2026)
LAS AN ANMSUSEUUA AL LAIVDIATDINLLALEENY 2 STAUNGIY 3GeV

Beamline: GIXRD/TRXRF

2 4 6 8 10 12 14 16 18 20 2 24 i 26 28 30 32 34 36 38 40 i 42 E 44 46 48 50
T | ii
! ! i i i
22 25 30 40.9
IVU18 | . ) ; 4|3 45
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VFM : Demaguification: 1:2. Cylindrical muror (Pre-figure, Coated-Rh) Filter Optic hutch 1 Optic hutch 2 Experimental

HFM : Demagnification:1:10, Elliptical mirror (Pre-figure , Coated-Rh) hutch

U 19 Layout SeUUSIABIUAS SWAXS

5.2.2 Source defining
lunsimuavuInYeIunasiiila Bremsstrahlung 489 SPS-| ﬁjugjﬂﬁmum A8 YUIAVBIYID
aaniadmsulunuiveu Fuiio 40 faduns dmsuluuuans ﬁuasgﬂﬁwwumﬁaaﬂmm Gap 109
Undulator Sufio 40 finflums iosnidudunngs 7 8idnnsou aunsogydeithlasosld
F1FUAILNUUDe Bremsstrahlung U89 SPS-Il tusrazimun a fuvawes Chamber foufiay

=€ o 1 1 I3 g [ =
ANF LR UINLYNVDILUEARNA DIV muaﬂugﬂ‘m 20

(A)
= ). Standard straight section to COR center
= o Standard straight section to BPM center
o 1 3.805m Flange to Nange
\ o i e
(3} a4 4 K 13 “"l - ] "'n '3 f i A

:. 1. 75590 Bellow Bellow s _.'

L] 8s00 GV GVasoo |||,
2000 _ Standard straight section _ 52900
(B)

Section A-A Cooling channel
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gﬂ‘ﬁ 20 (A) nmFinYI19uee Standard Stright section (b) MWARUINNVBIVIBANYINTA Standard Stright

section (c) NWA2DE1 Gap Vo9 Undulator (si0)

. SR from ID
R SR from B

Hs

GB Source position

SUT 21 ALRUBY Bremsstrahlung U049 SPS-II

Y

*YPAITILTI MUAUIVDINRAIALEALATUIATITOU WAz Gas bremsstrahlung TuALAZAIINNLNY
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5.2.3 Front end Collimator

7.3 m

source
—_—

|
FE Collimator

gﬂﬁ 22 @wnUe Front-end collimator
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dmiuauninevesvesdeata Collimator WuILgNAMUARIBYUIAYBIYE Chamber Fedmsy
SPS-II HuaglivisnTvumdusuAUENa1s 40 mm Al YuInYeudaves Front end collimator @g 40 x
40 Tuwwinauazkuuey TudINeInNUMNTLULYNIUARY 6 Winuae TVL

d1m5UvuIAves Front end collimator Wuazgnimualay Yu1AYY Ratchet wall laga1unsa
AUl waganusaasunswesves Fron end collimator Aauanslugui 19

. _ 99%0mm _ N
Opening Angle (mrad) =-——= ~61.8 ~ 62 mrad

Size of FE collimator = 62 mrad * 7.3 ~ 450 mm

: !_‘;--*.""“__,--’ i , T [ — 450 mm

1 . < TN 7&‘ BRI ¥
1" B G Y Yl XY A A T e 40 mm

-— 108 ..A- e \ p “ :

15 e ARl T 450 mm

- ! O boss v

< S - -Aﬂ"'"“"«awi — St Sl 300 mm

. . : l‘ﬁy%m L ’ FE collimator

JUT 23 M3AuILIIAYRY Front-end collimator

5.2.4 Rachet wall

dm3u Ratchet wall 83 SPS-II W gnesuuusnli dadnunun 1.2 m dmdu Wall (5UN 21 LHud

Tg7) uag U 1.5 m dmsu Ratchet wall (FU71 21 Wudund) laefinugeresiiuniag 3 wns lagges
RILBYEIINIY 1.2 1UAT UazIUINYDIYRIILIIWIA 75 mm AsguR 24
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5.2.5 Window/Filter

Window/Filter iugunsalvimuenanssuusnil Bremsstrahlung uaz wasdulasnsou duannszny
789210 WU Ratchet wall ag¥ilsiiAn Secondary bremsstrahlung waziiinseu astiulun1senuuulg

Jududnsdl Secondary bremsstrahlung shielding Wag Polyethylene

g

Ll; o & PE

=y N
6

]:': J —

: '_ -

i

i

i

i

i

i

i

i

i
1"Valve Diamond window  WB Slit Screen
20m 20.5m 21m 21.3 31.5m

From TOYAMA

gﬂﬁ 26 NM38BAWUY Shielding 18931n Window/Filter

5.2.6 M1SANUIUAIURUN PE

ANTATUIUAIINIUT PE WUAZAIUIUNIUENNTT Inverse square law a49inaluuni 2 &3

[y [~

Wﬁwﬁma%ﬁﬁ’mm Ao szey R %nazﬁuagﬁ’w‘i']meﬁﬁ@mimz@waa Secondary bremsstrahlung wag
fnsou ldme seqnelu Hutch 16w Fuuumdnn dudhe 2 49 Srudieasiiu uasdunthnoufimds
99 Hutch TnsAnnududuidvidduazgnimun a dumisfiAanisnszids dowdluss shielding
druaanudituresisdvieen fvualdft 1.2 pswhr dududunndiandl Hutch anunsadulviuinnm

A1BuUsn Hutch (Experimental area) &A1 0.5 pSv/hr
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JUN 27 538831N9ANT8139049 Secondary bremsstrahlung Tudsgasinsly Hutch

Side view

R_Roof

/ R_Transverse
R_SR direction

=
<X 5

R_Ground

1AINANITATUIUAIALUUIBS PE Ul @199 aelu Hutch Laniaini1s1eil 4 uaganunsnaig

LUUT1ADIVUINYDI PE iéfﬁqgﬂﬁ 28

AT 4 UAINANIIAIUIY AIANRUIBY PE Tunuasngg anelu Hutch

Transverse Ground Roof

Parameters SR Direction
- Direction Direction Direcction
Initial dose, DO (Sv/hr)* 8.43E-01 8.43E-01 8.43E-01 8.43E-01
Final dose, D (Sv/hr) 1.20E-05 1.20E-05 1.20E-05 1.20E-05
Distance from source (m) 5 2 1.6 2.4
Thickness of TVL, X_TVL (cm) * 13 13 13 13
Thickness of PE (cm) 44.83 55.17 57.69 53.11
1200
R40
SR 4 500
1200
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5.2.7 White beam slit

A15A1UIUTBIUAVDY White beam slit (WB slit) WUz UAUWAAIN WL ALEITULATHTOU
=] [}

Tnewmarseuvatasaastuagltluwmilouny Ineisieazdensmanisnen XX Ingn1sirunuuInuestaauie

1y Feonuuuszuuandesasaziiugivun dwiussuudnbended SPSI duazivuneg A1 4 Wi
294 Sigma U84 Source lngamsaAuIulaaInlUsLATL Spectra lagAn dsigma w89 IVU23 @1m5ulun
Horizontal wa Vertical iA10g 2.85736 fafiuns way 1.57784 Tafluns A1ua19u &3 dsigma V09

IVU18 Selunun Horizontal agffl 1.31384 fadluns uas lu Vertical g1 1.01816 fadiuns

Y

M591 5 asuyiauvasiulauadulasnseuvessuuaifeanas SPS-Il (Teyat 2025)

Beamline Insertion device
HRSXS Elliptical polarized undulator 75 (EPU75)
TXAS In-vacuum undulator 23 (IVU23)
HXAS In-vacuum undulator 18 (IVU18)
SWAXS In-vacuum undulator 18 (IVU18)
GIXRD In-vacuum undulator 18 (IVU18)

HRXRD/MX In-vacuum undulator 18 (IVU18)
XMCT To be updated

5.2.8 Double crystal monochromator (DCM)/ Focusing mirror

Double crystal monochromator (DCM) kag Vertical focusing mirror ﬁ?u%@&ﬂu

d113U Double crystal monochromator (DCM) 1y azifugefiuenseninaline uay Sediusu
an$qe eananfiu fagl xx Ingludinisdiusuanidaeasnzaundn 1USs DCM collimator ud X-ray 1y 2y
gnagviounuyuveamdnu Tuswansad 2 Seihmihilunisagviou Monochromatic beam oonun fatiy
wdmesfiddyd i DCM tufife ANEIWBY monochromatic beam flssnsiileiisuiiu White
beam w41 vidaLsEeunda fn Fixed exit Inglunisiuaunsatiazlden Fixed exit a8 25 mm

TunrseanluumUssed@nas DCM duazdsznauldaie

v A

1) DCM Collimator lag agvimtnigieiyesadiusuansaeineqeunansdn 1 wiauviwinly

nsIuslh Monochromatic beam %38 X-ray iuludeaniinaasdla lneun@asdl 2 wuu Ae wuuh
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aguan Vacuum v wuuiiegly Vacuum galuniseenuuuaseilisnagld wuulu Vacuum dsagldianuiin

W amnun 250 mm ushleadu Inedeulindmsu X-ray agldiamauifain usen TOYOMA dufe
Opening size: 10(V) x 16(H) mm
Size: 120 mm

Thickness: 250 mm

¥ U A A a

2) Secondary bremsstrahlung shielding HuagigaaduTad@nAsnlNinINN1TT SedUTHAN1SA

q
[V 7] (%
v U W

Uutuiunanuaninnsnsziae Tnsvuinanununaes Shielding duaziduamnasgiundulasaseulanldy

Qe

wApUsza 12 cm Tuduvesruiaty agldan 3.5 wiwes Molier Radius nsuviananidussdyie

e 2

319 15 99A1 3INIANNNTLNUVDITIFUTUANTAITURENAIN 1 Aagy

3) Polyethylene (PE) Wugnesnuuundigued TPS Ais AsauAga DCM Collimator Tneldpnunund
500 cm Taganunannseanlumsed 4

Polyethylene

N 2 Brems. Source shielding
279 Brems. Source shielding

Movable

stopper
3.5R

. 5oV
/ o™ X-ray - I
1

, GB \

20‘5
S. S0y,
Urce

AN

DCM collimator VFM collimator

DCM VFM

UM 29 uuuiaeinisesnuuuved Shielding 84 DCM uag
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M3197 6 AP YuIvesela Lay AIAMUIYDS gUNIlR1aTRITTUUA LA IES
Components Position from Horizontal opening Size, | Thickness
GB source (mm) H x V (mm2) (mm) oted

GB Source 0 40x40 N/A

Tube N/A 40x40 N/A

FE collimator 7,853 40x40 300 Pb

FE Stoper 15,765 N/A W
Ratchet wall 16,263 40x40 1500

Diamond window 18,763 N/A 0.3

WB Slit 19,263 IVU18 H =1.31384, V: 1.01816 10 -

VU23 H =2.85736, V: 1.57784

WB collimator 19,763 40x40 200 W
Polyethylene-| 19,963 40x40 500

DCM 21,763 Fixed Exit=25 N/A

Secondary source shielding-| 23,643 40x40 120 Pb
DCM collimator 23,763 16x10 250 W
Polyethylene-ll 23,763 40x40 500

VFM 23,763 N/A N/A

VFM stopper 27,993 N/A 200 W
Secondary source shielding-l 28,593 40x40 120 Pb
VEM collimator 28,713 10x10 200 W
Polyethylene-ll 28,713 40x40 500

Hutch wall-l 29,300 40x40 100 Fe/Pb/Fe
Hutch wall-ll 36,300 40x40 100 Fe/Pb/Fe
Horizontal focusing mirror 39,200 N/A N/A

DHRM 40,300 N/A N/A

Stopper 41300 12.7x12.7 300 Pb
Polyethylene-IV 41300 12.7x12.7 500

Hutch wall-lll 43,000 12.7x12.7 10 Acrylic
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Beamline: GIXRD/TRXRF
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Optic hutch 1 Optic hutch 2 Experimental

hutch

JUT 30 nwsuvdansaesumisgunsalseuutesiussdves GIXRD beamline
5.2.9 #ann1saLdU Bremsstrahlung

Tunoudl 1 a¥199a 2 9 Aflszozsinslunuads wirduauiawes Source Tukuads (unsdag
Bremsstrahlung ray tracing 1uSunuauey Anauieaty) mntusudunisie gunInileanused
M99 1w Collimator #3e Shutter IagainduaIndIunus Source A1ualUFIYUVUVDIY DY
Collimator TUands Shutter 9 ntusiiiun1snaduanga Source Fuuuindayuves Collimator

auanadudnuaizninzuin aaguil 31 Taelearniduriu Collimator ¥nA3Y LuILE Bremsstrahlung

Y

[
[

IARINNAIUY FIMUITsdnnAT

-“‘

l-u-...*

Collimator Shielding

’gﬂﬂ 31 N15NALEUTIA Bremsstrahlung w1utae Collimator

1 Y

Funoun 2 Tuu1eass Collimator Avztretlius@nmeaniun1aIngd Collimator MsaYaUTAR?

q

ADUNLN

Technical Report 37



LATIAR WAIFITTON FIBUNTAIUUTUIUTIEUTUFANTIA9 156WTaT Uashumamseanwuuidelsd  (2026)
LAS AN ANMSUSEUUA AL LAIVDIATDINLLALEENY 2 STAUNGIY 3GeV

FE collimator Ratchet wall

JUT 32 M31AUSaE Bremsstrahlung H1utes Collimator nangsia

TUROUN 3 L1593 Bremsstrahlung &N ANNSENUAIUY Shutter Stoper %5 gunsadviFumIans
9wy iAn Secondary bremsstrahlung aue lagaeinn1s1AEUSIE oanyy 15 83f1 INYATAN

N3ITNU

Collimator Stopper
Stopper

'g‘dﬁ 33 N1521ALEUSIE Secondary bremsstrahlung

Junaui 4 laglilalsaduadasunnduld Wusianiduagasmnnsznuas Shielding Laue
wazlliSsdnzqludananing viendife Wetueguaussuuandsuatiazuauinludumasinie

uasdulpsnsou avdesliiiutosingdag

Technical Report 38



WTAIAE WAIEITT0] FIBUNTAIUUTUIUTIEUTUFANTIA9 156WTaT Uashumamseanwuuidelsd  (2026)
LAT ALY A1USUTTUUA LA LILAIDIATDINLLALAIEDNY 2 SEAUNSIIU 3GeV

TJunoui 5 TunduN1TNALIY Gas Bremsstrahlung 71tfinann Electron beam 3% Luanawiadiie
JudhufivihliiAn Gas Bremsstrahlung Aiundign tnen1sainidunuyuues Inverse of the Lorentz

factor IABAILNTOAIUIUIINAUNT

1 1 { o =Y % U 1 1 {
lage — Y09AT 0N LITALAITEAUNS 1Y 3GeV flA10g7 0.170333 niearu1saldlusunsy
Y

SPECTRA Tunnsruau fsgudi 35

X :l:% opening angle

gﬂﬁ 33 34 Inverse of the Lorentz factor
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LOYUIAR LLﬂ’JEj’Jiim 5’1EJQ’Wﬂ’ﬁﬂTU’Ju‘Uﬁﬂmi\‘iﬁLUillﬁﬁG]i’]%j\‘l LIULNTEYN LA LlUINIINITRDNLUUNIUIINE (2026)
o U o a lﬁl o a U v
LAY ALY ANNIUTTUUA A YILAIVDILATDINWUALENAYIN 2 TEAUNAINU 3GeV
$§ SPECTRA 12.1.4 - C:\Users\SLRI\OneDrive - Synchrotron Light Research Institute\SPS-INSPS-II_Working Group Optic\spectra file\ivu23_short_with_gap,json
File  Select C ion Run F Set Edit Help
Main Parameters Pre-Processing Post-Processing
Calculation Type:
Accelerator Light Source Output File
Type Storage Ring v| Type Linear Undulator v| Format JSON V
Energy (GeV) 3 Gap (mm) 4.22454 Folder Browse
Current (mA) 300 B(T) 1.53358 C\Users'S pectra file\Results
Circumference (m) 327.6 Ay (mm) 23 Prefix ’Untitled
Bunches 437 Device Length (m) 0.87
= ==L Comment |
az (mm) 2.903 Reg. Magnet .Length (m) 0.805 Seial Mimber 1—95
Nat. Emittance (m.rad) 9.6e-10 # of Reg. Periods 35 =
Coupling Constant 0.01 K value 3.29348
Energy Spread 7.7e-4 €15t (8V) 578.493 |
Bxy (M) [1.28  |/0.956 | Aist(nm) 214323
Oy |8.24e-1¢||-8.41e-1|  Or¢ (mm,mrad) 0.004675,0.03649
fxy (M) [0.0339 |0 Zxx (mm,mrad) 0.04382,0.04554
My [2.60-15 ||0 %,y (mm,mrad) 0.005562,0.03662
Peak Current (A) 30.9063 F"f’fvsl 7.12659e+14
£xy (m.rad) 9.505e-10,9.505e-12 | Brilliancesst 4.44146e+19
Oxy (mMm) 0.04357,0.003014 Peak Brilliance 4.57563e+21
q' Bose Degeneracy 18.7822
L Ldp
Gap-Field Relation Import Table v
Injection Condition Automatic v _'["M
Field Structure Antisymmetric v
End Correction Magnet
a
UM 34 33 Inverse of the Lorentz factor
= o
3UN 35 n131aLdu GB auyl Inverse of the Lorentz factor
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6. WaaWS waradusiena

6.1 naNsAUIUAIUTINUSFUTUdaRTIR
dmsunmsAwIuAIUTInasEUsIdan sty @unsaAuIulaeInNaunts 9ed Ferrari A. lnafaunis

[

&
U

EO )2.67 L P

— -27 —_
D =25x10 ( d(L+d)IPO

myc?

lmg D = Absorbed Dose rate (Sv/hr)
E = the primary beam energy (MeV)
moczz the rest-mass energy of the electron
I = Beam current (e/s)
L = Straight section length (m) (Bending to bending)
d = the distance from the end of straight section to the point of interest (m)

P = Operated pressure

9
Py =1x10 torr

#1A1 The rest-mass energy of the electron
My C?= (9.109E-31)(ke)(3E8)XM/s)
= 8.1981E-14 (kg m®.s?, J)
wlaanae J 10U eV = 0.511741573 MeV

Tun13A1UIUAT Dose 1519ARUATIATLALULY Front-end stoper Tagazdal L way d 189 Long-
straight section Aa3U# 36

- L W]

& e »
+ L) >

Long = 6.87m d=155m

Short = 2.948 m d=17.05m

U 36 seee Straight section length lay Sz8n13¥NINYAAATINY straight section Sesumnisiianla
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[
Y

o o 1 LY [ a o a { -9
dmsuAn ANAuTerIIinAUBannToU (Operated pressure, P) Uy WANAUNITN 1 x 10 torr
Aaluazlean

2.5 x 1018

3000 )2-67 6.87

_ -27
D=25x10 (0.5117 15.5(6.87 + 15.5)

AIUAIANNTNYY SIEUTUAANT1A9 a4 s Front-end shutterr §AINTU 1.2 Sv/hr

A1519% 7 HANISAIUIUAIANNINSIE Bremsstrahlung Wan1u W tag Pb ad filus Front-end shutter

Short Beamline Long Beam line
Bremsstrahlung Dose Rate at front-end To be update 1.42
stopper (Sv/hr)
Bremsstrahlung Dose Rate behind 30 To be update 0.89
cm Pb stoper (USv/hr)
Bremsstrahlung Dose Rate behind 20 To be update 0.24

cm W front-end stopper (USv/hr)

6.2 Han1521ALdU Bremsstrahlung

NENFATY L5 MYT AT LA $1uIU 3 S I@EJLLGiazﬂ%jﬂf\]ziﬁ%JU‘ﬁ@Lﬁuaﬁ]’]ﬂﬁgL%E’J’ﬂﬂ@ uaz
¥insmeln wazudlomuduugih Tngluadsdazumauenadldsunisudlodian fesuil 37 38 uay 39
ANAIAY

Tudweman1snansed 1 waz 2 araglunianuIn
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BREMSSTRAHLUNG RAY TRACING

SPS-Il GIXRD/TRXRF BEAMLINE | | : : ii :
Gas bremsstrahlung = :
-] PE o
——— Gas bremsstrahlung | 1 - -
Rachet wall - PE o
Primary bremsstrahlung = PE -
————— 274 premsstrahlung | - i -
el ol
. =
——— Monochromatic x-ray S =
2 VEM
| s shutter
| =
I 8 :
Cu mask o =
Side view : s
X = Sample
\$\ ﬁ [ position
Bremsstrahlung \ VEM DHRM Brams
SONTEE | DCM collimator Sappeiil:
Eront-end | ,\ collimator
collimator Cu mask \
collimator -:|2n< Brems.
Y | Pb20cm | shielding
Front-end o
Shutter |
X UNIT: mm | g .. = 2
< > —>
Dechmongkhon K. Opticalhutch 1 Optical hutch 2

gﬂﬁ 37 Bremsstrahlung Ray trace Diagram (Vertical) U89 GIXRD beamline 983 SPS-II
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Gas bremsstrahlung

—— Gas bremsstrahlung |~ PE L PE
Primary bremsstrahlung .
2nd premsstrahlung .
——— Monochromatic x-ray DCM offset 25 mm :
. . - E
Side view : <
= 3 |
GB source 1 :
: DCM
. c:c»llimc:tc:r|

The primary bremsstrahlung was blocked by DCM collimator

2nd Brems. shielding

E‘Uﬁ 38 Bremsstrahlung Ray trace Diagram (Vertical) ¥84 GIXRD beamline ¥84 SPS-II a4 ¢iinya DCM wag VFM
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Vertical

Polyethylene
o L 27d Brems. Source shielding
2nd Brems. Source shielding

Pb 12 ecm

A

Shutter

\

DCM off set
25 mm

AN
/ D 2 e = X-ray —

3.5R

é 15¢ l:
AN .y

/ CB
DCM collimator

(Tungsten)

BL Collimator
Openingsize : 10(V)*16(H) mm
Size : 120 mm
Thickness: 250 mm (Spec. form Toyama)

)
2 0'8
5. soy,
rce

DCM

gﬂﬁ 39 M3BaNLUY Local shielding ¥84 DCM

Technical Report a5

N

VM collimator




WTAIAE WAIEITT0] FIBUNTAIUUTUIUTIEUTUFANTIA9 156WTaT Uashumamseanwuuidelsd  (2026)
LAT ALY ANSUTTUUA LA LILAIVDLATDIN LA LASARNY 2 SEAUNSIU 3GeV

6. d3Una

1INNTANYINUTT AIALLTNVRS S9FUTUAANTIe i Front-end stopper Ay
1.42 Sv/hr Taeiflogniloafude 6TVL vewisanu ua agfa Sufo 30 cm wag 20 cm muEFY WUt
YeAavanasoyil 0.24 waz 0.89 Mgy Tasnglufunsazlififiads Local shielding iiisifuuanain
Front-end collimator iflasan3sdazgniefuseriunsneunin

Tuduves Optical hutch fuazqnaamwuiﬁﬁ Local shielding lngUsgnoun 28 Cu mask
collimator, DCM Collimator wag VFM Collimator Insagiiniseanuuulsil Secondary bremsstrahlung
shielding %1990 Pb au1AAIWNAEY 12 cm %aLﬁumsaaﬂqummmmgm Wiodainis Secondary
bremsstrahlung fAnain Primary bremsstrahlung ﬁu%uﬁu Optical elements uaﬂﬁ]’mﬁjﬁ'ﬂﬁmiamﬁgﬂ
Polyethylene Lﬁasdw@meﬁ’u Neutron scatter lagAIURUIVDY gﬂﬁwmuLﬁaﬂfasaﬁuﬁ’ﬁiﬁmhjLﬁuﬁ
Svun e 0.5 uSv/hr

lugdiuves Bremsstrahlung shutter gnaanuuuly 2 dums Hufo Front-end Shutter Tngvian
viaainu Tae Front-end Shutter agviwiilun1staiietistused bremsstrahlung e foRnudesnns
dluTudauwes Optical hutch @uwes VFM shutter agvimrinfilunisUaiiateadiy bremsstrahlung wile
AlEUINTS vise {UuRnns seamsleluludiuves Experimental hutch

nmseanmsileiused Bremsstrahlung wuin Shielding fisenuuuanansa fuswdld Heuimun
Iny Bremsstrahlung WanflLina1n Electron beam l#gnfaafud1e DM collimator wel €357 $ 97
Bremsstrahlung Usd@uiueenin dsanunsasidunisudluludwudiolls mudeauswus

7. dorauanuy

7.1 91nN15270 Bremsstrahlung ray tracing #unw1513mes919@ wWuan & Bremsstrahlung Unsadu
ﬁ?uagjmauaﬂvia (USnasanaw) Aagy Tnganunsadiuuamemaudlogedl

1) ilesndudunsianarainannismnadu Bremsstrahlung siu DCM collimator feifu wnLs
U3 Off set w83 DCM Aagyilaf Collimator duvdugemudieituiiu Ssazsils (Fuiliusonudugedy
wazagneluve

2) fiun1seenwuu Shielding Wiufn U3 unds VAM Collimator iatasiussdidudiiiu
29NN

'
[ o

3) ALHUNTAT N Pb shielding apusouusikiaie iotssiusidnausanun
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BREMSSTRAHLUNG RAY TRACING
SPS-Il GIXRD/TRXRF BEAMLINE

— Gas bremsstrahlung
—— Gas bremsstrahlung

Primary bremsstrahlung
24 premsstrahlung

Rachet wall

——— Monochromatic x-ray

DCM offset 25 cm

Cu mask

Side view —

Bremssirahlung
source
Front-end
/ Cumask

Sample
position

| pem | collimator stopper
::| collimator -

collimator B
i:|2nd Brems. :
*:| shielding ::[2" Brems.
- 2| shielding

collimator
Pb20cm

Front-end
Shutter

X=1:50
Y=1:1

X UNIT: mm
————>
Dechmongkhon K. Optical hutch 1 Opticalhutch 2

7.2 Usu Off sett ¥89 DCMifiaan VFM collimator: mﬂgﬂﬁlmﬁulﬁ’jﬁ InINsUSU Off set U949
DCM Wuagyinly dretlanusaddruniiuesnun Ineninaiuisadussdiduillaonda Aazaiuisnan VFM
collimator 1§ tilosanssdnimearunaunvzgniesiugie Pb fieglu Experimental hutch

8. nauglyuselevd
N5 YnIendnans UnIde kazunaInsivinauienuiuanulasnneniessad

9
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aanuan 1 MsausuazsudalauauuzaNgl¥eIvey Joseph C. Liu 910 TPS Wagn15i8uuvugnIg

DONLUUTEUUTDINUSIF

(\_{—”/Jﬁ THAI
Sidim Photon SYNCHROTRON

HIEES) NATIONAL LAB

A Discussion on Bremsstrahlung Ray Tracing and
Radiation Shielding Design

Dr.Somchai Tancharakorn Joseph C. Liu
Mr. Dechmongkhon Kaewsuwan Radiation and Operation Safety Division
Miss Jureerat Pradubsri NSRRC, Taiwan

SLRI, Thailand

SPS-Il SWAXS BEAMLINE

BREMSSTRAHLUNG RAY TRACING

Design-l : Vertical Ray tracing

\

| A

| I\

1 \

1| A

1! .“

FE COLLIMATOR

RATCHET WALL

END-STATION STOPPER

\BL SHUTTER  OpTICAL HUTCH

\
| FE SHUTTER
SAMPLE

X-ray

VERTICAL SOURCE
AT CENTER OF S5 > \\
T 1-2 |
E s | !
5 J E E
g - E E
2 : % |
S 8 | |
K. DECHMONGKHON FLOOR
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Source Defining

SPS-II sirom®

B .0 SR from ID

SR from BM5

"

"For SPS-Il, we defined the bremsstrahlung source size

as 40 mm vertically, determined by the maximum gap

40, b
SectionA-A  Cooling channel of the undulator, and 40 mm horizontally, determined
Figure 2-246: Standard cross-section of straight beam duct in bending sections.

by the size of the straight section chamber."

D
l’Iccuun;ulhl ’tl_)|i' I< IAI‘)lV |< ﬁ
Comment : Okay '
s V=] ]« 1v|_>

Position : At center of straight

section
o Period 4 40mm
FE Collimator/Shutter .Sl Pt
SPS-II How to define size of FE collimator?

* FE Collimator

opening size = 40 mm defined from Vacuum tube Vertical Bremsstrahlung

Position=10.5 m Ray Tracing "
material and Thickness : 30 cm of Pb/20 cm of W Ongmf ______________ 'H

Size = How to define? 0 I
* FE Shutter Source D 3R

Thickness : 20cm of W

Collimator Stop
Position : 19 m from Center of SS

Size : TPS=3.5R/ NSLS-11=3R from / SPS-11:3.5R

Rm : Moliere Radius

X0 : Radiation Length
RM %X Ec= Critical Energy of material

Es = Scaling Energy (21.2 MeV)
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T,

" Collimator in TPS Front End

;

Comment: The TPS’s FE collimator was defined by the lines

which draw form source to the wall corner (White line)

|

imension:
%Io”” X
Weigh
b “

FE Collimator/Shutter

SPS-II

* FE Shutter Vertical Bremsstrahlung

Ray Tracing
Thickness : 20cm of W 3.R
Originf _______________________

Position : 19 m from Center of SS i T I o

Size : TPS=3.5R/ NSLS-11=3R from / SPS-II:3.5R 0 { --------------------------
Source 3R

Rm : Moliere Radius

X0 : Radiation Length Collimator Stop
Ry =~ %X() Ec= Critical Energy of material
‘ Es = Scaling Energy (21.2 MeV)
Comment :
1)  nATINE Stopper ¥38in13n3¥139 Y09 GB wfvall PE uaz Shielding Lawe 1¥u Crystal, Beam
Stoper, Fix mask, i18491n3¢iiin Secondary bremsstrahlung (PE fiasiinna3a GB 1inn13nTeids ue
nas Collimating WAILALTT )
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=
Siam Photon
.—“—‘A\,\\Q

=t i e i
' Fl | TPS's FE
2 o ~ 38 |8 .
IEE R o o Collimator/Shutter
3 o 33
¥ : s m——— =
= A .
< I
= . -
- ! , Side view
FM1 center | ‘DCM center Shielding #0
s mrad upward) {3 mnyafset) Bremsstrahlung collimator (Pb)
S d
b?gr?wrs]sfr(g%lung Shielding #1
hielding (Pb) Secondary bremsstrahlung shielding
s for Mask (Pb)

Shielding #3 (W-alloy)
Bremsstrahlung collimator-2 ‘Shielding #2 (W-alloy)

| #4 (W-alloy) Bremsstrahlung collimator-1
Jhlung collimator-3

TPS’s FE Collimator/Shutter

oo
Q| =
SRS
ZEEE_E — e
O
S
— N
<] % 3
] s Side view
‘DCM center Shielding #0
(15 mm offsef) Bremsstrahlung collimator (Pb)
S%r\(ﬂung Shielding #1
ng (Pb) Secondary bremsstrahlung shielding
for Mask (Pb)
#3 (W-alloy)

1hlung collimator-2 ‘Shielding #2 (W-alloy)
Bremsstrahlung collimator-1
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Ratchet wall

* Ratchet Wall (Green line)
Thickness=1.5m

* Wall (Green line)

Thickness=1.2 m

$ Ctietuduetts 3%

Tunnal BC
o STR + | ehadeen it
4 ¥
R > (S e £
{ Coisadias, 216
| = % T i (&
|

/
N

X ,I .\ s socaiihy TR
AN TN ,
\)

18.12.2024

* Vacuum tube = Diameter 114 mm

Side view

15em 120 cm 15 cm

Comment : 909 UATDATIAUIN Uszuad 2 wihved TPS Feazdwnalv
14 wan Shielding Tngmu@aiunfssuyszanuiindu Tiisuivsun

1 - o v EY , & .of - v ]
‘UENLUWU’eNﬂ’]LLWQ‘LMLaaQ u,aa'lu DesignvauA1nazd PE 2ynIY HAYBIEIN
Dr.Pawitra Aimo .
Taifi?
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Optical hutch (SWAX Beamline) :
i N }
Vertical OA olo
DCM 3 & R‘ 8 3
gilks w

- L

1.]
15

‘DCM center
. " (15 mm offset)
; i 3 ]
Comment Ma\‘ivD(:M E/N PS:JV] PE:La & Secondary
Collimator lnggaivuaruinfe anduaIngand bremsstrahlung

shielding (Pb)

Shielding #3 (W-alloy)
Bremsstrahlung collimator-2

minszidalunnuu Collimator ALY UaruINYeY
1Udn 3.5R

SHe
, Siam Photon
#EEEN

Optical hutch (SWAX Beamline)

| ) —F 440
_hl_ 4 [—'—
o N o] 1 il
NI [ T 2
Q N 9 w| Q ';“
RE IR " =
e
< o | A ® g
_LL L] Q 1nn ;ﬁ‘ ;T
=
&
T e ——r o -
snielding #9 -— ‘VEM T center
(W-alloy) (8 mrad upward) Comment :dswan Optical elements 7
Bremsstrahlung il A
stopper VY ULAEINY
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b

® Could you please double-check this drawing?

® Is it okay to define the source size for SPS-Il this way? Okay

®* How do we determine the size of the FE collimator (3.5R?) (Same FE shutter?) Define by
corner wall

® Could you please show us your design for the FE shutter (with or without a hole)? (No)

®  For vertical bremsstrahlung raytracing, which design (I or I) is better? (Considering factors
like radiation safety, price, etc.) (Recheck and Revised opening size of wall)

® After the ray tracing process is finished, what is the next step? (Is it a safty committee
review? An internal or external committee?) Both 15 people

®* How do we design PE shielding? ()

®*  What material is the hutch made of? (Is it only Pb, or an Fe-Pb sandwich?) (Yes)

; & 3 E 4 9w
szuunnegiieafu Aruaeads avsl  Usvganiliuuuu Slide waou Weliaunin  pgisuanel @hAliiABnaiu lild

o 1 o el
Status vaninUansads ataliasu T vivesdnasluuszana 10 cm ol LDZUATLDNDBNATIC)
anunsadauadld %93 Wsdnzaeanin
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v a v

Hutch fazaanuuuidu Fe-Pb sandwich Tngldu3tm

Tulantu Felaenliarnufiuda declduseniid
Uszaunsalluntsvidesn §nildlferaasiinli du S Fe
Pb  iAen1sgusalduavavinbiiintesineinlisedngg
rwsanunld Tasanumutes Fe ogi 3 cm wag mw

wu1Ues Pb E)EJ‘VI 3 mm

WUULENYBY Hutch 118991nA1921A89N519 1 3R MMtuneueanuuy Hutch dgdipsmilsfiaiasiiag

TagimnilnsingBaiuiy vieldnisveuifulamanibniuiy Hutch a4 3 wWAs
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Julaidil fdwvesviefidousn Hutch  Wuvisuasdulasn
50U N&HIU DCM  AvyAaamiladaied Pressure 31A35LH
aglusydy 10-5 torr

s19lwflu Huteh

TE

Siam Photon
=_S

List of question

®* How to estimate the secondary source shielding

® Could you please check our calculation and design of PE for nurshielding

Technical Report 59



U o

LATIAR WAIFITTON FIBUNTAIUUTUIUTIEUTUFANTIA9 156WTaT Uashumamseanwuuidelsd  (2026)
LAS AN ANMSUSEUUA AL LAIVDIATDINLLALEENY 2 STAUNGIY 3GeV

v
v

A1ARUIN 2 Andunisudlumudaiauouuzasain 1 nieutnausluaulssyy IAC 2026 vasan1iu
VDS UTDLEUB LU LNLLAL

s THAI
iam Photon SYNCHROTRON

) NATIONAL LAB

yﬁ::::f&QQéQ

7]

Bremssirahlung ray fracing and beamline
shielding for SPS-II

Mr. Dechmongkhon Kaewsuwan
Laboratory Scientist (LS)

Consultant
Dr.Chanan Euaruksakul

Beamline and End-station development
SLRI, Thailand
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LI
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Conceptual design of shielding

« 4TVL is used to define thickness of shielding while The 3.5 of Moliere radius is used to define
width of shielding.

* W 20 cm thickness is utilized as a in-vacuum collimator and stopper while Pb 30cm is
performed as a bremsstrahlung shielding without vacuum.

« Whenever main bremsstrahlung strikes with stopper, collimator, or beamline
components(e.g. DCM, FM, WB slit) will generate secondary bremsstrahlung and gramma
neutron scattering.

* The secondary bremsstrahlung will be suppressed by 12 cm thick Pb*.
* For neutron scattering, it also will be absorbed by Polyethylene (PE) as well.

* Polyethylene(PE) is not allocated upstream of rachet wall (Only downstream)*

*To be discussed
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The concept of ray tracing

» Drawing the cross line from Bremsstrahlung source to inside edge of the components

» After bremsstrahlung passes through the opening of beamline components (e.g., collimator, wall,
hutch ), It must be stop at the shielding.

Collimator Shielding

Collimator 1 Colimator 2 Collimator 3
+ Some case the collimator can also be shielding.
+ All of bremsstrahlung ray must be incident on shielding. P e . ----
+ The 2@ bremsstrahlung source will be drawn after main ‘ g
bremsstrahlung strike with stoper (or filter, crystals)*. | ™~
* No bremsstrahlung rays pass through the experimental hutch. Collimator Stopper I

Stopper
*To be discussed

Source DEflnlng "For SPS-I, we defined the bremsstrahlung

source size as 40 mm vertically, determined by

e the maximum gap of the undulator, and 40

Stanetard steaight section to BPM center_

,_M_“ mm horizontally, determined by the size of the

ﬁ ' ‘PS‘E‘GL gh f Qu@* &==Ci= straight section chamber.”

Standard straight section

Figure 2-250: Available length of standard straight section.

70

A

Ay ] 40 mm
L)

i— - XX

A% h— o —4 _ ; 40 mm

SectionA-A  Cooling channcl

Figure 2-246: Standard cross-section of straight beam duct in bending sections,

“l ] Gl Iﬂ Bremsstrahlung source size: 40 x 40 mm?
) >V <[P ]=2] ¥ |«
Blection path Source position : At downstream of straight section
S RENDNEE uﬂ
o Penod. 4,
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Thickness of Pb and W

From Beer lambert eq ;

In(10) _ 23026 _ 23026

o I = Transmitted radiation Xy, of Pb = S TT—— 4.8346 cm
I'=lye I,= Incident radiation K Hmxp : Sa
u = Llinear attenuation coefficient at lowest
mass attenuation coefficient value
= Thickness of matter (cm
x (cm) N In(10) _ 23026 _ __ 23026 _ 5531 om
u WmXp — 404E—2x193
In(10)
XTvL =
u

Normally, the thickness of radiation protection will be Lead (Pb) will use 4.8346*6 = 28.92 ~ 30 cm
estimate from é of TVL thickness (From IAEA);
1 xpy reduceto 10% (107) . e ™
2 xmy reduceto 1% (102) Tungsten (W) will use 2.9531*% =17.71 ~ 20 cm
3 xpy reducefo 0.1% (103)
4  xpy, reduceto 0.01% (104)
5 xpy, reducetfo 0.001% (109)
6 xpy, reduceto 0.0001% (10¢)

Dose rate of brems. calculation L = Straight section length (m) (Bending to bending)

D =125x% 10_27(

D = Absorbed Dose rate (Sv/hr)

0

Long = 6.87 m

mgoC

267
E ) L P Short = 3.635 M
5

I L ;
dl+d) P ) 302 m :
Lo oot BRI TR S

(8M1v) (8M10)

E,= the primary beam energy (MeV)

mqc?= the rest-mass energy of the electron (0.511

Figure 2-243: Schematic diagram of DTBA unit cell.

MeV)

I =Beam current (e/s) d = the distance from the end of straight section to

L = Straight section length (m) (Bending to bending) the point of interest (m)

d = the distance from the end of straight section to iﬁﬁ
g BM

the point of interest (m)
P = Operated pressure
Py = 1x107 tor

I =Beam current (e/s)

Setinterested point at FE Stopper

L=6.87m d=155m

Electron current of SPS-Il is 400 mA

1 mA=62415x10¢/s
400mA =500x 6.2415x 10'5=2.5x 10'%e/s

Technical Report
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Brem. dose rate after passed shielding
_ Short Beamline Long Beam line Bending Magnet

Bremsstrahlung Dose Rate at front-
end stopper (Sv/hr) IR RER 1.42 To be update

Bremsstrahlung Dose Rate behind
30 cm Pb stoper (uSv/hr) To be update 0.89 To be update

Bremsstrahlung Dose Rate behind

20 cm W front-end stopper
To be update 0.24 To be update
(usv/hr) P P

The maximum dose rate in experimental hall is controlled at 0.5 uSv/hr

!

520 mm

P % FE collimator
FE Collimator design ,
+ Top view

!

[40 mm

. 520 mm

300 mm

Openning Angle (mrad) = 222 - 60.92 mrad

16.263 m

Width of FE collimator 60.92 mrad * 8 m * 2 ~ 960 mm*

FE collimator opening = 40 mm

*To be discussed
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Stopper design

We will use 3.5 Rm to defined size of stoper (Vertical and Horizontal)

Ry, =Lateral spread(Cylindrical shape)of electromagnetic shower

Ny ,
- -
g -‘: Sod RM“—E
I ___________________ .| (@ :/< F e U R
GBSouwce TR < T -, ]
K ~ . o @
h\ ~ - €
FE collimator oy X, \Q/: §
FE Stoper =
Ry= X, E 1*R,, can contain electromagnetic shower 90%
Ec Ry = 0.0265 - Xo(Z + 1.24) 2* R, can contain electromagnetic shower 95%
3.5*R,, can contain electromagnetic shower 99%
Ry= Moliere radius 4* R, can contain electromagnetic shower 995%
Xo= Radiation Length (cm) (W=0.35, 3.5Ryof W=245cm
Pb=0.56)
E= Crifical Energy 3.5Ryof Pb=371cm

Es=Scale Energy (21.2052 MeV)
Z = Atomic number (W =74, Pb=82)

Neutron scattering shielding design

« Inifial dose rate is defined by the maximum bremsstrahlung

TVL of PEl Xrv of PE at average energy 2 MeV dose rate at scattering position(filter position), which is 0.84
Xy = n(10) is around 13 cm *.[Ref] Sv/hr, while the maximum dose rate within the optical hutch is
2R used to determine the final dose rate(12 uSv/hr).
Be =f§§f{,°f§3"]‘§ 5,?3?“ Crasstsection™ + Distance from source, r is determined the distance from source
) to hutch wall Side view
( X ) D= Final dose R_Roof
=l Dy = Inifial dose
D= Dy10 \¥rvi X = PE Thickness / Reransverse
- r2 xryg, = TVL thickness of PE == R_SR direction
r=Distance from source "]
; DTZ R_Ground
xX=—|x 0, e
TvL 10810 Do
*To be discussed PE Thickness calculation Untmm
Parameters SR_Direction T:gmvg:e ,9' °ux'.‘d Di Roci 1200
R40
Initial dose, DO (Sv/hr)* 8.43E-01 8.43E01 8.43E01 8.43E-01
Final dose, D (Sv/hr) 1.20E-05 1.20E-05 1.20E-05 1.20E-05
Distance from source (m) 5 2 1.6 2.4 SR/ 500
Thickness of TVL, X_TVL (cm) * 13 13 13 13 1200
Thickness of PE(cm) 44.83 55.17 57.69 53.11 [Ref] Ipe, N. E., & Fasso, A. (1994).
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279 bremsstrahlung shielding design

Green line is secondary 1) How to define the angle of scattering
bremsstrahlung bremsstrahlung () (Maximize the
scattering dose?) 15 degree from

; is) scattering point
I 2) How to calculate secondary
bremsstrahlung shielding (general value =
10 cm)

A\ 3) We willuse 12 cm of 2nd bremsstrahlung,
2nd bremsgigelditng design same as TPS

Rachet Wall (Green line) Thickness = 1.5 m
Wall (red line) Thickness = 1.2 m

The height of the roof from the floor is 400 cm.
Vacuum tube = Diameter 40 mm=:1 mm

Rachet wall

Side view

15em = 120 cm 15¢m

Technical Report 65



LATIAR WAIFITTON FIBUNTAIUUTUIUTIEUTUFANTIA9 156WTaT Uashumamseanwuuidelsd  (2026)
LAS AN ANMSUSEUUA AL LAIVDIATDINLLALEENY 2 STAUNGIY 3GeV

Brems. Ray tracing

Beamline: GIXRD/TRXRF
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Optic hutch 1 Optic hutch 2 gy perimental

hutch

Beamline: GIXRD/TRXRF

Diamond window and WB Slit

PE

-4

il

1¢Valve Diamond window W8 Slit ~ Screen
20m 20.5m 21m 208 5z

From TOYAMA
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ool Nslife ] DCM and VFM

Vertical

Beamline: GIXRD/TRXRF

Foheihyicre 27d Brems. Source shielding

Movable \
stopper
3.5R \
N\
\'“s' = I
o ¥ X-ray

GB \

2”",9,5% DCM collimator

27d Brems. Source shielding

-

VEM collimator

_\\\

S s —mm——
=

0
0
=

BL Collimator
Opening size : 10(V)*16(H) mm
Size : 120 mm
Thickness : 250 mm

Beamline: GIXRD/TRXRF

oJepile=|Raltiie¢g | DCM and VFM

Vertical

fovelhyicne 2n¢ Brems. Source shielding

279 Brems. Source shielding
Movable \
stopper
3.5R \
.SO\)‘ I
B X-ray
GB \
2ng Brems. - DCM collimator
Ul'ce
BL Collimator

Opening size : 10(V)*16(H) mm
Size : 120 mm
Thickness : 250 mm

N

VFM collimator

_\\\

0
0
=

s
=
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oJoile|Nslli{es}”2 HFM and DHRM

Vertical

Polyethylene

Beamline: GIXRD/TRXRF

Pb Shielding

Sa mple‘posiﬂon

HFM DHRM
Components Shield.i ng Thickness(mm) Opening (mm)
materials

Upstream

Front-end collimator Pb 300 40
Front-end In-vacuum FE stopper W 200 40
Ratchet wall Concrete 1500 40
WSB slit collimator Pb 300 40
PE1 BE 500 40
In-vacuum DCM collimator W 200 10
279 brems. source for DCM Pb 120 40
PE2 PE 500 40
In-vacuum VFM collimator W 300 10
279 brems. source for VFM Pb 120 40
PE3 PE 554 40
Optical hutch 1 Fe/Pb XX 40
Optical hutch 2 Fe/Pb XX 40
HFM N/A N/A N/A
DHRM collimator Pb 300 12.7
PE4 PE 500 12.7
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Hutch wall ({b/FE sandwich- Acrylic wall
BREMSSTRAHLUNG RAY TRACING
SPS-Il GIXRD/TRXRF BEAMLINE
30.0
. . 50.0
Revised design
DHRM center
Sample position
Vertical direction
Shielding #4 OHRM
Shldd\rg#(i collimator(Pb)
Fronkend sioppei—l In-vacuum VFMEcollimator(w)
Front-end collimator (Pb) - = R FE
L Secondary brengsstrahlung shielding fgr VFM
Secondary bremsstrablung
shielding (Pb) for DCM ~§-Shielding #2 In-vacuum DgM
collimator(w)
Shielding #1 bremsstrahlung
— shielding and 2nd bremsstrahling
Ground shielding for WB slit
Y Optical hutch 1 Optical hutch 2 Experimental hutc!
X=1:10 g g g °
Y=1:1 B g 7 3
X 8 3 b 3
BREMSSTRAHLUNG RAY TRACING ?} !"i - :
SPS-11 GIXRD/TRXRF BEAMLINE : h :
brems’; shielding EN -
Revised design ; :
5
bS] Sample
g position
o
Vertical direction [
Bremssirahlung g
source Shielding .~
V ‘M colimator — |
Front-end
collimator
Y
X=1:50
Y=1:1
X UNIT: mm
Optical hutch 1 Opticalhuich2 ~ ExPefmental
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List of questions

+ Could you comment about conceptual design of beamline shielding

* How to calculate the secondary source shielding @

+ How to define scattering angle of bremsstrahlung while it strikes shielding. 15 degrees
+ Could you please check our calculation and design of PE for neutron shielding

* What TVL value of PE did you use to calculate the thickness? (Xtvi= 10 cm)

+ How to design a shielding of vacuum tube that is installed between separated hutch?e
+ Canyourecommend any companies that build optical hutches?

« Should we have stopper in optical hutch 2 (upstream sample position)2

+ Isit okay to use an acrylic wall for the partition between Optical Hutch 2 and the Experimental
Hutche
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