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Development of the Warm Snake and Acceleration of Polarized Protons

Junpei TAKANO*

Abstract

Acceleration of polarized protons is one of interesting issues of the high energy and accelerator physics. As known
as the proton spin crisis, the total of the quark spin is not equal to the proton spin. To explore sources of the proton
spin, it has been required to accelerate polarized protons to higher energy as hundreds GeV with higher polarization.
However it is difficult to accelerate the polarized protons to higher energy with preserving higher polarization by using
circular accelerators since the polarized beam crosses several types of depolarizing resonances. To overcome the
depolarizing resonances, unique components are employed to the accelerator chain at the Brookhaven National
Laboratory (BNL). On this description, developing a normal conducting helical dipole partial Siberian snake is ex-
plained in detail. As the results of upgrading the accelerators, the polarization has been increased recently.
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29 A HREESE S ORIERS R & E AR R O H

K2 BWBG OHE

Position [m] | —1.2 -085 |0 0.8 | 1.2
N-Dipole 15.7 2.1 0.3 1.2 6.6
S-Dipole 54 1.9 0.1 2.4 4.0
N-Sextupole 0.6 0.3 0.0 0.3 0.6
S-Sextupole 0.8 0.2 0.0 0.2 0.8
N-Decapole 0.009 0.001 | 0.005 | 0.002 | 0.003
S-Decapole 0.018 0.003 | 0.003 | 0.020 | 0.001
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ANOEBINI VLD EEZLND.

4. BEBPGFFOMZEE Warm Snake

AGS fni#i%si- Warm Snake %38 A 3 % Hij1C hnis %
R I —F MAD-8W AW TR—=X"7 7/ 7
aVOBLEF 2=y T P b LOFEAEL .
C OB, Warm Snake ORI B 2% % & L FE B
Carwdb o v/, K30k JUK3T I Warm
Snake % ON/OFF L 7z & & OKF5 LU HEE S H O
N=RT 7/ 7Y aV/OHETHS.

CDEo1, Warm Snake B AT 5 L IZ k-
TKFEB LIOBBEDOWMITON—=FT 7/ 7 3 V/HK
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Warm Snake Tz A DOBF B X ORBG T — ADInE

K3 Fa—VORHRERR & PERERO L

MAD Measured

Vy vy Vx vy
WSNK OFF 8.844 | 8.767 | 8.820 | 8.687
WSNK ON 8.895 | 8.826 | 8.880 | 8.741
WSNK ON-OFF 0.051 | 0.059 | 0.060 | 0.054
Av [%] 0.577 | 0.673 | 0.680 | 0.622

Ll le>TLED T 5. KIC Warm Snake
% ON/OFF L7 & EDF 2 — Vv 7 FICOWTEHE
Ao 7o T I ITITFEERIC Warm Snake % AGS
WNTHEH L2 EOKFELUCEESAON—H |
0y F a2 —VORERR LR,

COFER XV, Warm Snake 75 AGS il 2 4k D
V—ABBICHE S RIFL TWAT thbhr b, E2
LN B EKR%E L FICRT.

a. Warm Snake D) 5V —ADHE AN

b. NYUNIVEAR—=IVHOMRREEE 5 IC &5

v — A DPR AR
c. Warm Snake H A AT DRSS > & ¥ —
AIEDF Ty FIZX - TEL S — 210
ER S EIPS
LL%anb, X=x2btavF 21 —vogfsidl
% UNTHY, AGS ka7 #ilind 5 LTI
FHTH5. 32 12779 L 512 Warm Snake %58 L
723556 DT D 75 AGS In# #x O Beam life time 7324
FEINLFER -

KIZ Warm Snake OM#HRER AL I /o & 2D
AGS DDE%%P\]@E‘~A?EH HERE R AR 33 1R

DX D ICHKEHEREN L D KIEIC 275 5 iR E T
© Warm Snake # B8 L 723 &, AGS IE MO
U —ABRPBImICHE A L TLES. Z1id Warm
Snake % @ FHHEIRE IR O KIBICERL 5 E&ﬁ’(ﬁﬁﬂb
728E, NUNIVE A R—=IVHORES WY T
Hir\izd, V—ADIRTERE S Warm Snake ,JLHD
A THHAEZ L > TLEINLTHS.

2004 4F- o fin 7 %% 3% #x (3 Warm Snake % 2700 A
THEIR L /2. WRBOHEIE LT, U—AT RV F—
w25 2 7 5 Raw asymmetry O HIE % 1T - 7=.
34 1% 2004 £ Warm Snake # Wz & &, B LU
2003 £ @ Solenoidal Snake # i \» /= & & @ Raw
asymmetry OHEFE R TH 5.

4B LUK ALA4IZ/ARL 72L& ST, Transverse
IZ 1 % s f& (3 Solenoidal

coupling resonance

Beam Life Time

b «— WSNK 2700A
WSNK 0A
£
g
3
E
8
[va]
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R T

#* 4 Transverse coupling resonance {Z 1% WSNK
¢ SSNK @ Raw asymmetry O Hiifig

Gy SSNK WSNK WSNK-SSNK

36— v, —-13.4% +1.5% +14.9%

24+ v, -6.9% +4.6% +11.5%

48—, -8.3% -0.5% +7.8%

36+ vy -17.5% -8.2% +9.3%
—a— Ref. (no bumps)

A Ver, bump-20mm  * Ver. bump+20mm
90 —®— Hor. bump-20mm —0— Hor. bump+20mm

Horizontal [mm]

AI8BI8 CI8 DIS EI8 F18 GI8 HI8 118 J18 K18 LI8
AGS location

K35 Warm Snake A HIZ 35 5 ¥ — A ASHALE & 25
b7z & EDKFEH MDY — ARLEDZEAL

Ref. (no bumps)
Ver, bump-20mm —*— Ver, bump+20mm
Hor. bump-20mm —O— Hor. bump-+20mm

L

Vertical [mm)]

AISBIS CIZDIS EI8 FI8 GISHIS 118 JI8 KI8LI8
AGS location

E36 Warm Snake AIC 351> 5 — AASHIEEE
LS R7- L EOBBEITROE — ALEDOEAL

Snake % V7255 & 12 X Warm Snake % i\ 7285
EDIEO>NHEINTVS. ZTOREE, 2004 FED
AGS fn## & — OV F—12 B AR 50% 12
M EL 7.

2005 412 1% Warm Snake OIE# TR i & 2RI 04

x5 U—AREOVHEE
Warm Snake A 10 V— AfE AR [mm]

E—AANE KFHil TSI

Ref. (0 mm) 5.36 3.25
A (=20 mm) 9.14 1.55
ASE (+20 mm) 9.83 6.86
HEH (-20mm) 2.83 1.94
FEE (+20 mm) 1.61 7.66

201 [—-— Ref. 2700A(no bumps)
151 & 2680A(no bumps)
—0{ |, . | | _
£l f ,lﬂ l‘{'ﬂ P
E EE . — e i Ik ] . ; I]
£ 1" T -ﬁ" lﬂ .."‘[. {Jﬂ .
o, e LN
5104 [ |9 |
s
204

'AI$ BIS C18 DISEI8 FI8 GI8 HI8 118 J18 K18 LI8

AGS location

K37 Warm Snake OEEER A B I /- & X DK
SO U — AMLEZEA LR O BIE RS R

20

—=— Ref. 2700A(no bumps)
1 5_‘ *— 2680A(no bumps)
10-
E 5
EJ . han ﬁ 1A R
8 -55 hf LJ
§.10'
_15_‘
_20_-

AI8 BI8 C18 DIS EI8 FI8 GI8HIS 118 JI8 KI8 LI8

AGS location

38 Warm Snake OEIEFER AL/ & D
B H OV — AGLEZ LB OWIE RS R

{t L, Warm Snake A HIZ 1 %5 ¥ — AN E % K
- HEE SOV — ABLEREHER A VT
SHBH T ET, AGS I 2ROV — AlE O %
4T - 7. * 9 Warm Snake O 3E ¥ it & 2700 A
IZ[E % L, Warm Snake A IZ k0% ¥ — AMLED
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Warm Snake Tz A DOBF B X ORBG T — ADInE

6 Warm Snake D EIEFER > AL 7L E2D
AGS IEB L ARO VY — ALEZLE O HE

Warm Snake ¢ v — ARLEFSZ L E [mm]
AR KTHT EEH

2700 A (Ref.) 5.36 3.95
2680 A 1.33 393

Snake % ON/OFF L /2B BPM THIE L 72K F3
JURBEBH RO —AMEBEZLETHD, TNXh
Warm Snake ADICKIT 5 —AME = KFEEL LT
FEE S A +20mm Bl S R72 L EOWPERRETH
5.
FHIIE 35 LU 36 1R L - HIERERE»HED
N7 — AMIEZECEDFHELY £ & D7D TH 5.

LLE XY, Warm Snake ADIZBIT 5 —AE
ZAEEJ7A)IC — 20 mm 72 A LS ¥ 5 2 L TAGS I
HERADOKN I LOHEBE S ROV — ALEZELE /)
S| AT EDREETH S LD -7z,

KIZ Warm Snake O HRFEIR Z# HE 5 2 & T
AGS I 8 2K DOV — AN EZEALEOPE % 1T -
7= 37 B LUK 38 i£ Warm Snake O FE #5575 i &
2700 A B LU 2680 A ICRE L 7o & EDHIERKE T
H5.

F6 I ERROBEIEREBRE L VB LN/ — AL EZE
BOVFHELE £ L D/-b DR

C OWPEREE LV Warm Snake O 55 i O i
{t.%&17> Z & ¢ Warm Snake % ON/OFF L7z ¢+ =D
AGS s &2k — ALEOZELEZ /NS T 5
CEDRRETH A EDGhr Tz, Eio, ZOWUER
B3 Long dipole coil % F\ 721 25 Fg 35 O ) 8 s 5 %
ETHLD LT,

U DO fHOMERERL O N LOFE AR
b DI ETAGS INEH 2OV — ARLEDOZEA L&
D/ MEE T - 7. B39k LUK 40(% Warm
Snake OEEZE % 2680 A 12 L, Warm Snake A0
ICBT A —AEZIEBE RIS /o EOKFER
FUOHEBE TSRO AGS IR EFEARDO VY — ALE DAL
HEORFERRETH S, HKiE L L CGEERBRID 2700 A
DL EOWEREDL Ty F45.

KRTICEROHUE L VB LN/ —ALEOELE
DOl %E & & Db DR .

LAk XD, Warm Snake O#HERFE it & 2680 A 1Z7%
E L, Warm Snake A [IZ 517 5 ¥ — A E % FH
FHIAIZ —10mm 21t S & %5 Z & € Warm Snake %

20 = 2700A (nobumps) & 2680A (-10mm)
*— 2680A (no bumps) —®  2680A (-20mm)

Horizontal [mm]

A18B18CI8DISE18F18G 18H18118 JISK18L18
AGS location
K39 Warm Snake A [TIC %Y —ARME & Warm

Snake OEIRFEM T AL S BT & EDOKFEHED
v — AEOELE

20 { —=—2700A (no bumps) —&— 2680A (-10mm)
|5 ] —*—2680A (no bumps) —e— 2680A (-20mm)
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E sl

E A b

= ] ‘3.l A ' .
Q9 5 o d

g o '

-15+4
=20+

A18B18C18D18E18F18G18H 18118 J18K18L18
AGS location

B40 Warm Snake A [HIC 351 % ¥ — AfLE & Warm
Snake OEIRERIT A AL IR/ L EDOTEE F WD
vV AE O L E

7 Warm Snake OELEILE L U Warm Snake A
MCBT A —AMEAZZ LI/ 2D AGS
IEBR ROV — AMIEZ L EOFHE

WSNK & | WSNK Aoy | &AM P

TR [N A" KFEHE | EE S
2700 A 0 mm 5.36 3.25
2680 A 0 mm 1.33 3.23
2680 A ~10 mm 1.65 1.61
2680 A ~20 mm 2.83 2.36

ON/OFF L 7= & D AGS g N OKFEF LU EE
Fmov—AiEOEESRMET AT EPTE
7o R EL TAGS IR OHE T R IVF—i2 B
LR L 55% A L7z, CHUIREE A Y — A
WOBEICR LIRS 5 C L& &k L, Warm Snake
2 LAV — ABEDOZEIC & - TPaOMmBEE B 5451 &
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LB TRBESE DL TWcbDEEZLNS.
5. ¥ & &

BNL O ff 8 b5+ i %5 12 35\ T AGS hn i 25 75
DRIV ARy 7 Elro Tz, TS gHWS
71 T \ 7z Solenoidal Snake {2 X - T Transverse
coupling resonance 23 5| E e Z SN TW/c/2dTH
5. OB R 570N IV E A R—ILTZIK
% FF> Warm Snake # P % L /. Warm Snake {3 1@
e FE o720, =R R AW TS O R
LA AT > 72 BUEBFEIC 35\ T IEMEIC SR A M 4
VTAHEOOTREELL Thb. EATRE,
IN—EFE w7 O A ) TS O ER B OWE %
TV, SRS RO R L OB AT 7. BU(F
PRI KA ORERMIE L 722, AGS g1
Warm Snake #& A L, @ifE T — A0 MN#E KR
AT o 7. ZOREHE, Warm Snake % i\ 728 & D
Transverse coupling resonance {Z 33 i % Raw asym-
metry |4 Solenoidal Snake % F \» 7= 85 & 1 He N i
L TWAZ &AM TX7-. Warm Snake & A [{ijD
2003 4T 40% TH > 7= AGS I &3 4 T )L F—
IZ 30 AR 13 2004 4F @ Warm Snake # A 12 &
5> TH0% £ Tl EL 7. 200541 Warm Snake @
HEERERE Y REb LSRR, WREZSHICHEL
55% R L /2.

HiEE

Warm Snake (X BRAL 5B FEFT & B TR K5 T
B L 7. BALSHEZEAT - TheEmER BTy
7 NTVENLIFFRRT - R R) ORR BZERICIE AR
DTN > THEA R CHET -2 X F LT
B TERF - T LFUERT O R e sE #2113
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