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ANFERE PRI J5T PR 5 X S i e R A 1 A
AR AR 53 A Rl A FITRICT, T R 75 | Ak o U Fr 4
FE, BN R i A A, 28 1 3 R BORIR Y
1%, Gk (W] 2D R S 5 S (B A 48R L s AR e
)R, T8 A R AR T N B — A Rl ) 2 AL AE
W (beam screen) ™12, DLBE i [0 4@ 4T, X542
AP AN PR AR I H 114

# 1 SPPC, LHC 45 FCC-hh FESH b
Table 1. Main parameters of SPPC, LHC and

FCC-hh.

FHEBH LHCE FCC-hh(™  SPPCH

Jl AR/ TeV 14 100 75

WK /km 28 100 100

TR WEGREE B/T 8.3 16 12

FPLHI I/mA 580 500 730

SRELINHREE P/(Wm') 0.22 35.4 12.8

HHCTFRER ec eV 44 4269 1814

HFEEEYE [/(m's') 107 1.7 x 107 1.8 x 10%7

PRIT I TR~ o0 82 14 SR B2 R A%
PRAS LS BTG A 28 AR PR R dE 0
Br | 3 = E 5% W 2P 48 5O IR (national synch-
rotron light source, NSLS). CERN. H 7% & g il
AT LM (high energy accelerator research
organization, KEK) . 7% [ L # 48 5 v H 52 50 &=
(laboratoire pour 1'Utilisation du rayonnement
electromagnétique, LURE) 1% % 1 47 18 ve & )
P W 5% 7 (Budker institute of nuclear physics,
BINP) S MU #ERET X5 g o R 2 25 A7 d — &
HNSEEHRST, ALFE AN R4 A M AR R A5 0E [19), AF
b BRI X S A 5 0 4101 A e i
()5 160 LRI BE ) s 1) 45 2808 B T ] &
() Bh AR L2 B 18191 %0 AT RE Y B0 25 ety 2830k
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T ARG X S A AR BE 152

2 SPPC R BN AMKIE

RIS IR P 1) L5 B A T oA
JEAAC i, A PIE SPPC 100 h B A Al ik
THEER, Hy K% B 75 Z2/NT 101 molecules/m?0).
#&%] CH,, CO,, CO Fll Oy % H I F LI, AR
T A B SRR TR R T LA i 7 ) 1A 85 B2 2 R0CH H 4
W, WAL Hy B n, R Ry 2324

neq = n(Hz) + 5.4n(CHy) 4+ 12.2n(CO5)
+ 7.8n(CO) + 10n(O2). (1)
W A7 i BR 1 Ak Ry B A AL Hy B ne /T 10
molecules/m?. RN #F 25 95 N B 5 SUA
P S R S Y N i AN R N
FEURI L) ST 4.

2.1 ERIR

JIi A 8T B A B R AR 2 H R R
SRS, BT IR T IR R 0 AT A 1290, i i i A
T MR R TR T VERR T | A A 2
RZE. i, REAHAEWAEMT 10 h )5, H
A7 T PR 3R 2400 3 % 105 Pa-mes ! T HL2S
P A EBINTES ST 100 °C L4 60 h Jm, B i
FHPR I AL S 10 1! Pa-m-s 120,

2.2 NXTEHHER

Y R 7 8 0 1 BRI A% 1 XA A ]
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R IESR AR LS SR B HERA A, 33X L DL RN A%
L>7E COLDEX (the cold bore experiment) 3£ |
HEAT B — U ARt W) 2 RS2y 31 S (kAT 99 k1
AL SR E B [P RS I A T RE R ec=194 eV
e FIE R I'=3.4 x 1016 photons/(m - s~1) | [A]2E
RS LL 11 mrad 4505 A 56 BEOT AL 1% 19 J6 48050
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5SS X e & 1 FrR. i 1) I(photons)/(m - s~1)) = 7.007 x 1 o1 E(TeV)I(A)

DI L, R S T e v 0 5 ok B P B 45T p(m) @

Vg AR "(:ZI 5224 == =

f@;ﬁﬁ”LmiﬁﬁﬁE PR, R JRLEH 1) CERN £ %F FCC-hh fiiH i

e AR R O M G, g K 2 T
1o-s TR I7 BT R OUZ SRS, L3 G0 [ A5 5 5 T e

e 0 10 5 TR, I R S B L T

WA NIRRT R RO AL B, T
REAR ORI TR, Gl T RO o =
£ 7] 25 A PSR FH B DA AR 2, 68 [ A e 5 LA
i 90° Y F1 A S R R R AT, X — B0 E AR i [
AR AR, B ADET, IR EH T4

WBRAORE SRR AR Ve ZORBHATAN At i

COLDEX partical pressure/Torr

TS — 5 L R R LR T 1 B 3, B
St 0 i RRIHERC D, A7 RO AE IR R, L (e
P e S T R 209, TR T B HR A
L e e BURAR 20, 255 % 18, SRBRAEE—FR e R BB 4R,
E 10-1F e ﬁﬁmi@ﬁ%ﬁ”*%%ﬁ{%g %*ﬁ/ﬁ?%*/f*«}ifuf
10-12 - . g ZRHAI S5 (non evaporable getter, NEG) K H

Aceumulated photon dose/(10% photons.m-1) o WA A RIS B T R, T 3 4R

P B g e g MR A LA
B 1 COLDEX B i3 H A0 JE 0 52 30 W i 3 15 115 GE, ASCRAESR TR .

SERNIL (a) FEIIREE R (b) AL

Fig. 1. Comparisons of experimental results and calculated

(a)

results of gas partial pressure in COLDEX beam screen:

(a) Experimental test results; (b) calculated results.

e SRR W], TEf A SRR R T
WA Bh 2 SRR SR g n] AR 2 5 SEBR s OUAF &
BT AR, BB RZE RN X T R s AT
ISR B, FR SO R, HAEil :
FRCAA) SE B0 Rt B AE S MR 2, i A S By nl (777'7777777777733? 4
FERRPE SRR AT R A S R 72 4

5 KESH W E
5.1 SPPCi&itS#

[FEARSISE MiYE SPPC 3R, il
TEER E A 37.5 TeV, WRILHGL 17 0.73 A, #i%
SRIE BN 12 T, “HRERMAEAE p  10415.4 m,
L X A2 AR S B G A F i e 24 1.8 keV,
A AR ST R D REE P2 12.8 W/m, YTl E % =

ﬁD (8> Z_Et, Z/‘]j‘:’ 1.84 x 10%7 photons/(m-s’l). Fig. 2. FCC-hh beam screen design schematic diagram.

166802-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 16 (2021) 166802

B TARIREE: T RUPRNE SRS, 51k
AT L, SPPC BRI 2IAH [k LHC 31 H 4k
G AR E LA IR AHE B, e AR IR B A
o KA. [ s Ay 3t e R B A BB 3k s, LA R kit e
R SR A B R 2 K, A5 T AR IR AN
fen O MRS BT & vl o B AR IR X (R)E
40-60 K, X I 50 K VEATHRIREE. R IFFLE
B 6% Mt e,

5.2 —RFERF=EL
5.2.1 —XRMRBREH n AT SR EFAT
i S RO OE 4
— USRI m 5 R A A S I S RE Y
KRN 3 PR, A e ec/NT 1 keV B}, T
6L F R O T RE R PR N, B n 5 e UIE
FERZR: e b T 1 2 100 keV Z[a]H}, SEHL T 774
ANBEYGCF R IEIn, By b e 21830 ec >
100 keV B, H FREEEHE F 1974, n Se AN
IE G FR 1827,

100

PSD yield/(molecules-photon—1)
=
9

10-5 - - ! - -
10t 102 103 104 10° 106 107

Critical photon energy/eV
3 — WM AOC T I A6 T R ik A pR E T
Fig. 3. Primary photon desorption yield as function of crit-

ical photon energy®.
522 —RMBAFHEnKTRERE TH
e

PRI AZ O TE 1996 451X LHC HBE G
TEURW AT T ILEARTE, S — AR AR

n 567 2RGE D R eREOC R B
n=no(D/Dy)", (9)
Hor Do IR I 211061 R ARG 55 o X Do
) — IR AR =40 3 AR A ARAE O A 1 52 5 55,
TERFHRIE T = 18 K I, 840 8 =~ 0.359; #fi#
R T — 4K B, 5508 ~ 0.1, AL HEHR

PATE W B(50 K) = 0.225.

T A6 fFE W 7™ 40 o A, B LR T S 5 U R
B, WD IR SRR . 40— 60 K Y EE U Bl PN Y
B W™ 70 S S B s # k = . Baglin 55 17 7R
COLDEX il =5 4 & LR T 5300 K LB
LRI, IR AL EER 194 oV B TERIRT, JoEH
R R LA SR AR . B Hy S HA S
PRI 25 AR T A 07 BRI BE T T s (PR
TR JE Ty S A8 ST T3 AR WAL T 28 v g R D T )k
JE B, 5% R AR HE M) 2R T R B 45 g ). S
br b T < Tait, no(T) < no(Th), A T 153 BT
MEER, 78 T < Ty BN, Bno(T) = no(Th). H
WS e, = 194 eV, T = 50 K B8 AR 14
LARR 74 0 (194 eV, 50 K). SPPC I 5O T-hE ik
ec N 1.8 keV, AR A A — WA W™ 45 5 i FO T+
REEE MY ERBOE 2R, AT 1 194 eV R 1 Se I B AG B
1.8 keV I BRI AR 45, 10(1.8 keV, 50 K) ~ 6x
no (194 eV, 50 K). #ixE 3 FlnoJ, MHE (10) X4k
153 SPPC 3 57 N I — UK Ff W ™ 4 m 506+ AR
D RECER.

5.3 REWFEEL ISR BREL ¢

ATk [40] 72 B USRI P4 o 5 5 i
B s FEELMER R, IR

S
n = n’(sm);7 (10)

Fort s, SRSy J2  BR 5 JCs A TR R A A A
B 0 (sm) XTI s, Y ORI 00,

Malyshev %5 M X 5% 09 Bl RHCR 0. 047 T
PRI, ), BV AGHGF B A AR N4 R
JBE S ) 43, BEAE SRS LA A R A Y
MBS, BRI BN T KR =45 ' RN
PR x 1 ERRAE, Gk 2 .

54 FMEH o

SRR R T BB R A SRR, R
JE, FERHEEESE ) 4 6. Baglin 45 07 5@ 14 525675
BT ARRNREET, JUR AR AL TS U 3R 1 1 R B 3R
B Sk RS B0 A SR TR AR 7 PR o
T B A R B R 28, A X — S B0 B, B 50 KT
£l W AR B R ECR : am, = 0.001, acu, =
0.02, aco = 0.004, aco, = 0.08.
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22 TURIRAIEYES RO LR 1Y

Table 2. Maximal values of secondary desorption and cracking parameters!'!.

1]

NS H, CH, CO CO, O,
nr, max 0.55 0.4 0.04 0.45 0.04
Mhax 0.55 0.04 0.04 0.04 0.04

Kmax - KCHy —2Ha+C ~ 0.36

Xmax XHgy (SCH4) ~ 0.72 T

xco (sco, + scu,) =~ 0.41 +0.36 —

Kcoy—co+o ~ 0.41

X0 (SCOQ) ~ 0.2

5.5 REEHMEIERY
T S 1Y) B B R T UM S T
L, IR A 5 0l RS B L 19 Sl A
i Ne HOGHL T 778 Yie (BN AT S BOEH ¥
PR R ) B ATl TR )
Ne=T"-Yp. (11)

ANTFIBA AR S 74 R S 90, S vl

WA JESFDGTXDCH T @R STk, e R 5

/NS TR Y X — DT kA T 200 PR, (11) =Xn)
BIER

Ne=T"-Ypert T - R- Yy, (12)

Hrp R BT AN EM BRI,
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Table 3. Photon reflectivity and photoelectron
yield of LHC type samples, sawtooth copper samples
and laser treated copper samples/*!.
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Fig. 4. (a) The gas density n, (b) primary photodesorption
yieldn and (c) secondary photodesorption yield 7’ as func-
tion of accumulated photon dose D in a copper coated
stainless steel beam screen.
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Fig. 5. (a) The gas density n, (b) primary photodesorption
yield n and (c) secondary photodesorption yield n’ as func-
tion of accumulated photon dose D in a TiZrV coated stain-

less steel beam screen.
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Abstract

Vacuum stability is one of the key issues in the design of particle accelerators, especially high-energy super
proton-proton colliders. The synchrotron radiation generated by proton beams in the bending area will desorb
and crack the gas molecules which have adsorbed on the wall of the cold bore. The collision or scattering
between the proton beam and the desorbed gas molecules may result in the degradation of the beam quality and
the reduction of beam life time, and even the collapse of the beam. Usually a copper coated stainless steel beam
screen is installed in the cold bore to intercept synchrotron radiation and reduce gas desorption. Based on the
design parameters of the Super Proton-Proton Collider, in this paper the source of gas in the beam screen is
analyzed. By considering the photon-induced desorption process and the gas molecule cracking process, the gas
dynamic model in the beam screen is established. Moreover, the calculation of the evolution of the gas density
in the beam screen with the beam operating time is carried out, and the effect of TiZrV non-evaporable getter
film coated beam screen on the dynamic gas density is explored. The results show that H, is the main
desorption gas in the beam, the next is CO, while the molecular density of CO, and CH, are limited by
molecular cracking. The maximum gas density in the beam screen appears at the initial stage of operation, and
the gas density decreases with time going by. In order to strengthen adsorption and reduce desorption, TiZrV
coated beam screen is discussed in this paper. In the case of TiZrV coated stainless steel beam screen, the
maximum equivalent H, density is about two order of magnitude lower than in the case of copper coated
stainless steel beam screen. The non-evaporable getter(NEG) for beam screen material can significantly improve
vacuum performance. The calculation results can qualitatively reflect the dynamic vacuum evolution in the

beam screen during the beam operation and provide a reference for designing vacuum systems.

Keywords: super proton-proton collider, dynamic vacuum, photon stimulated desorption, beam screen
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