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Main parameter of PAL-XFEL

Linac Beam energy, GeV 10
Beam charge, nC 0.2
Slice emittance, mm-mrad 0.4 (0.6%)
Injector gun PC RF-gun
Peak current at undulator, kA 3
Repetition rate, Hz 60
Number of bunch Single or Two
Linac structure S-band
Undulator Undulator type Out-vacuum
HX undulator gap (min), mm 7.2
FEL Hard X-ray wavelength, nm 1~0.06
Soft X-ray wavelength, nm 10~1.0
FEL radiation power @ 0.1 nm wavelength and
60 fs photon beam length, GW 30
Photon flux @ 0.1 nm, photons/pulse >1.0 E+12

Beam Power

: 120 or 240 W

Low power,
High Energy

Beam !!
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3:S — De-Chirper FEL
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RF Gun BC3 H L
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kicker GeV

MeV GeV Hard X-ray FEL

Heater

Undulator Hall Beamline

Linac BTL
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Out vacuum
Undulator

(EURO-XFEL
undulator design )
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Experimental Hall-1 Undulator-1, Experimental Hall-2 Undulator-2, Klystron .
(Hard X-ray) BTL-1 Tunnel (Soft X-ray) BTL-2 Tunnel Gallery-2 Linac Tunnel Assembly Room
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[ ] Radiation Control Policy based on Korean Regulation
- Annual dose limit for radiation worker: 20 mSvlyear
- Annual dose limit for publics: 1 mSv/year
- Environmental limit (Site boundary): 0.25 mSv/year

- 6 mSv/year for frequent visitors, 10 uSv during 1 hour for temporary visitors

[1 Shielding Criteria based on ALARA
- 10 mSv/year on Surface (2000 h -> 5 ySv/hour)
-1 mSv during 1 hour for accidental event
- Area requirements (e.g. 0.4 mSv/week)

[ ] Area Classification

- Restricted Area: 0.25 mSvly < Dose <1 mSvly
- Generally-Controlled Area: 1 mSv/ly < Dose < 20 mSv/y
(a dosimeter is required)
- Radiologically-Controlled Area: 20 mSv/y < Dose < 1 mSv/h
- High Radiation Area: 1 mSv/h < Dose
(No Access)
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[ 1 Normal beam loss of the PAL-XFEL
1) Full power beam loss at main beam dump
: 120 or 240 W (10 GeV, 0.2 nC, 60 Hz, 1 or 2 bunch)

2) Low power beam loss at linac and undulator section

“o Onebeampulse loss is allowed everysecormd.
=2 W, 1.67% (

e Linac:1.2W, 1% (2.4 W for 2 bunches)
e Undulator : 0.12 W, 0.1% (0.24 W for 2 bunches)

3) Low power beam loss at several dumps
(tune-up dump, spectroscopy dumps) : 2or4 W
[ 1 Interlock system : to control the loss rate based on integrated loss

during a preset time
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[ 1 Bulk tunnel shielding
: using fundamental semi-empirical formula, SHIELD11 (SLAC)

[ 1 Analyzing for detailed geometries like entrance and duct
at the tunnel
: using Monte Carlo code, FLUKA

- Tunnel entrance at the tunnel
: 1 hinged, 4 sliding doors

: 5 maze entrance
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Methods for shielding design

[ 1 SHIELD11_PAL.xls, 12 Dec. 2012, Edited by J.H. Oh and H.S. Lee

SHIELD11_PAL_verO.

Ref 1.Radiation protection at high energy electron accelerators, Rad Prot Dosim. Vol 96, No 4, pp. 333-343 (2001)
Ref 2 The SHIELD11 Computer Code, SLAC-R-737AC-414 (2005)

Edited at 12.Dec 2012, Joo-Hee Oh, Hee-SeockLee
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[MATERIAL INFORMATION |
Target  Primary Shield Add Shield 1 Add Shield 2 (APS_LS_293[1997])
Fe OrdinaryConc None None
MatiD FE CONC None None
Z (Zmat) 26.000 13.000 0.000 0.000
A (Amat) 55.850 26.980 0.000 0.000
Density (RHOm: glem3 7.870 2.350 0.000 0.000
r.l. (RLmat), X, glem2 13.840 26.700 0.000 0.000
cm 1.759 11.362 0.000 0.000 =
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lem 0.054 0.020 0.000 0.000 |‘_’
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lem 0.234 0.056 0.000 0.000
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lem 0.054 0.020 0.000 0.000
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[ 1 SHIELD11_PAL.xls, 12 Dec. 2012, Edited by J.H. Oh and H.S. Lee

Equivalent dose as function of thickness of shieldlng materials
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Shielding requirements along the accelerator, limit = 5 uSv/h
350 L
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Tunnel thickness

[ 1 Determine the different thickness according to the electron energy

Electron energy

Thickness of the

Section [GeV] concrete
[cm]

Injector 0.139 100 (*L), 150 (R)

<3 150 (L, R)
Linac

3~10 200 (L, R)
SX undulator 3.15 150 (L, R)
HX undulator 10 200 (L, R)

* L : left side toward beam direction, R : right side

] Main beam dump (80 x 80 x 100 cm3 iron)
installed at the pit

S an

: changing beam direction using main dump magnet

12
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< Example - FLUKA geometry >

e Location : End of linac, BTL, Start of HX undulator tunnel

* 1 sliding door, 1 maze entrance, several maze ducts at tunnel roof
e Target thickness : 36 cm iron = 17.3 r.l. (critical size of neutron)

e Electron energy : 10 GeV
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< Example Of Sliding door > Dose Eq. (1% Loss, uSv/h)
2000 — = - T le+10
- Gap bet. door and floor, 1500 Le+08
. le+06
bet. door and tunnel wall 1000 10000
100
: 5 mm 500 1
0.01
- Overlap length 0 o
: 60 cm (upper, both sides) -0 ' ' ' | ' ' ' 1e-06
-3000 -2500 -2000 -1500 -1000 -500 0 500 1000

2000 T T | — T E T T T le+10

- Thick iron target
- 2.4 W loss (1%, 2 bunches) " s

1000

le+08

le+06
10000

] . 100
= Detailed door design are -,

0.01

discussing with the door 0

0.0001

making company. 500 e s i le-06
-3000 -2500 -2000 -1500 -1000 -500 0 500 1000
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< Example of maze entrance > Dose Eq. (1% Loss, uSv/h)
1400 , , : , | : le+10
- Thick iron target 1200 le+08
Quadrupole Magnet s tev0e
. Quaarupoie viagne
p g 800 10000
o 600
-2.4 W loss (1%, 2 bunches) ,,, 100
1
200
0 0.01
_opn o 0.0001
i
-400 EL R — 1e-06
4000 4500 5000 5500 6000 6500 7000 7500
Photon (1% Loss, photons/s) Neutron (1% Loss, neutrons/s)
1400 T T T T T T le+12 1400 T T T T T T le+10
1200 . W .. - le+1o 1200 le+09
1000 1000 le+08
le+08 1le+07
800 800 le+06
600 le+06 oo 100000
400 10000 400 10000
1000
200 100 200 100
0 . 0 . 10
-200 _ -200 E 1
400 I L L P | 0.01 -400 ! | ! ! TEEN 1 0.1
4000 4500 5000 5500 6000 6500 7000 7500 4000 4500 5000 5500 6000 6500 7000 7500
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< Example of maze duct at tunnel roof >

- Upstream, Distance from target : 2.3 m, Size : 1.7 m (W) x 0.8 m (H)

Dose Eq. (1% Loss, uSv/h) Dose Eq. (1% Loss, uSv/h)
800 ; le+08 - : 100000
RPN W T
o [ J-b 5 FJ R ‘ 10000
600 _ le06 e i | 1000
i '
10000 :_thlf'h".‘l{:-'ﬁ{"." & 100
400 - e T ey 10
100 : 1
200 - Tl 0.1
1
0.01
0 - - 0.001
0.01 _ oo
mﬂ“"lﬂ'ﬂgwi“‘ 0.0001
200 | | ' ' | | ' ' 0.0001 - Lt el ' ' le-05
-400 -200 0 200 400 600 800 1000 1200 1400 5000 5500 6000 6500 7000 7500

Dose Equivalent XY Dose Equivalent XZ

- The periphery of the duct which have high radiation dose will be set

as the radiologically-controlled area
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- Beam energy : 0.139 GeV

beam dump

modulators
- Beam charge : 0.2 nC

dipole magnet > ,1"'"
ngm kY ‘ klystrons
- Repetition rate : 60 Hz Snanostc w

control room

tunnel'\ne-.\- laser holes

waveguide
quadrupole

magnet

sleratin v
acce (ldl; g 4 attenuators
structures 1738 i
tructure 4 g phase shifters

solenoid
magnets

electron gun

- Tunnel thickness

oward beam uenp T T = forward : 150 cm

left side : 150 cm

A1 1#

right side : 100 cm

roof : 60 cm

laser room gallery
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Inside of the tunnel Klystron Gallery
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ITF: Injector Test Facility

Graphite

< Beam dump > A /
- Material : Graphite + Lead 8§ ——-———%/—
- Total length : 650 mm
o] L. Prohibit approaching
< > O
Faraday cup to the tunnel roof during
- Material : 6061 Al alloy ITF operation !!
- Size: ®2.5cm x14.4 cm .
< FLUKA > < MCNPX >
oo oo oo Total doserate
500 . . - . . 1e+10 Beam
400 direction LuSv/h]
fe.08 (Photon doserate)
300
200 |- . f 0.15x0.15
- o Foward | (0.0120.01)
L 10000% ! < 0.01
ik Left (< 0.01)
100
o ) . Aight 0.63+0.25
a0 | , } < (0.17+0.02)
R | bk o [U N 6.43+0.51
2500 2000 1500 1000 500 0 ‘ PP (2.9940.09)
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500 1e+08
FLUKA result for
400 1e+07 .
accidental case
LT F o 1e+06 : 100% beam loss is
PO 100000 occurred after two
100 -~ | 10000 » accelerating structure
o} 3
i L 1000 =S
208 100
-300 10
-400 | Fq 1
-500 0.1
2500 =
= T I =———aT ‘ T[] 8
— ITF Tunnel ITF M E
e . RMS #4 8
ITF E-Gun ﬁ'|Acc.lératrE?°lum"_ o - § %} . | 2
HMS #3 i 1T ].TF—‘ ‘ } I — JL F;r::':ydtl::p& ITF » g
I [N | | RMS, #1
e B
ﬂ ITF Gallary
20 _— ITF RMS position se (Radsynch13)
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ITF: Injector Test Facility

® Detector for photon (ion chamber)

- Far West Tech., Inc.
- HPI1 6035B

- Energy range

: 80 keV ~ 1.6 MeV (within 30%)

- Range : 0.1 mR/h ~ 100 mR/h
- Sensitivity : 1,200 CPM/mR/h

® Detector for neutron (AB remmeter)

- Far West Tech., Inc.
- HP1 6065
- Energy range

: Thermal to 15 MeV
- Range : BKG ~ 10,000 mrem/h

- Sensitivity : 12,000 counts/mrem

ITF 1 (uSvhr) \ \ \ S/
mma  Net
O O O o ——- N O O
)
‘ o~ N @ N ]
7 @
e =
A rros Tet [(H bm [H ko e i s
| o | o ] o | [ o | o J o |
IEW] Il—z——ﬁ—‘ : [
N ~
“ Assemb m l:
Svi K
[ o ] o J o | @ 7
/ (5 T | J
P =1

Present ITF operation

: 1/6 beam power (10 Hz) !!
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" omccamawowon  ATF: Accelerating column Test Facility

AT, TH D nmoa as P

R R 7 e B o a0y 4
v A s S e

< Location > .-4,- Sawersw DR L AR A ik

9.000

: PLS-Il linac assembly room

Roof hole g‘

< Testing accelerating columns >

: Rl (Research Instruments), | 2 heiah
4 | m height

Mitsubishi, IHEP (Institute of | /|| (1°5€Mbly =M.

High Energy Physics), HI X2 5= w2 mheight

< Source > : dark current ! e e ™

: N
o I i la
B et = = 1
Yo s S e b ol B R I LT e ’
e sl RO 4 A s P i D w owtap B0 0 e n afinow e B e Ve
v o g * B2 &L TG S L

5. ‘:ﬂ
» )

hal

Additional Pb shield

—a
| " A T et g s e
a = 2 " 4

4| Assembly Rm,

7
9 iji lj: L ed
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- Dark current estimation from our RF group
: max. 90 MeV (30 MV/m, 3 m length), 1 pA (first) ? 1 nA (now)
after dose measurement

- Location of OSLN measurement

To stair hall

Surface I

Accelerator Column

Surface #2
Tunnel size : 11.3 m (W) x 3 (D) x 5 m (H)
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omc oo ATF: Accelerating column Test Facility

< Surface #1 — Rl accelerating column>

OSLN no. | DDE Y [mSv] | DR 2 [uSv/h]

v . g 3 N - S R ; T %
T L. 0 e . .‘A_. ‘A W e - ST g 4_4_
& L. : A . g e A . ‘ R

Y =, . ? L _aett T a o PR .

te #21

4,

‘s

Assembly Rm.

ATF RMS

".

.'. ]

“: .620

'I‘. LY AT .- 18
i/_ ) : ‘ "L "»_"4 ]

4 (Or11 e 4 2 - 4 [
O O U O O O © O
#8 #7 #6 #5 #4 #3 #2 #1
* D#1o
o 227456
‘O#9 :m::ﬁ% N
R -
F — v ] o . Z :u &
-« T a P Y A -4 vy 4 .
. - S /‘ T - i a4

10 cm Pb!! (5 cm Pb required from
MCNPX calculation with assuming
of 1 pA, 2 uSv/h at stair hall)

60.06 347.2
2 68.87 398.1
3 41.24 238.4
4 19.89 115.0
5 12.07 69.8
6 10.33 59.7
7 7.87 45.5
8 7.04 40.7
9 1.99 11.5
10 3.14 18.2
11 2.88 16.6
12 2.27 13.1
13 1.67 9.7
14 0.65 3.8
15 0.43 25
16 0.46 2.7
17 0.5 29
18 0.45 2.6
19 0.7 4.0
20 0.15 0.9
21 0.2 1.2

) DDE : Deep Dose Equivalent
2)DR : Dose Rate (Operation Time : 173h)
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< Surface #2 — Rl accelerating column>

Unit
Absorbed dose : mSv
Dose rate : (uSv/h)

100000 1 @O O @O O ¢
OOOO0O0 DODODOC
OO00O0 DHDODDOO®DC
0L 000 DORDDD®C
OR000 DO DO

Faraday cup
/5.93\

&

o[/

MCNPX result : 2 uSv/h at stair hall on surface #2 with assumption of 1 pA
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< Elevation view >

-9

4
S
[
\
AN

Now, we test the Mitsubishi column with OSLN measuring !!
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4 Conclusion
* The shielding design of the linac and undulator tunnel of PAL-XFEL

- Three normal beam loss scenario was established.

. full beam loss at main beam dump, low power beam loss at linac & undulator,
low power beam loss at several dumps

- Bulk tunnel thickness was determined using semi-empirical formula, SHIELD11.
. Ee > 3.2 GeV, 2 m tunnel thickness

- Complicated tunnel structures like entrance and duct were analyzed using
Monte Carlo code, FLUKA.

e Test facility ITF
- Beam dump for ITF was designed.
- Additional shields(Pb, Concrete) were required under accidental scenario.
- Radiation Monitoring System were installed at the ITF.
: BKG level under the present ITF operation (1/6 of full power)
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4 Conclusion
 Test facility ATF
- Tested accelerating column of RI (research instrument) with OSNL measurement
. Additional Pb shield design was changed.
- Next accelerating column of Mitsubishi are testing now.
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—— n

A A
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Thank you for your attention !!

nsjung@postech.ac.kr
or

lee@postech.ac.kr
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