F. Méot, BNL, Dec. 2011

—
TRANSPORT OF °“He IN BOOSTER AND AGS

CONTEXT :

e C-AD is exploring the possibility of polarized *He?" storage in RHIC, at time scale of a few years
from now.

o 3HE provides the polarized neutrons in3A&  -3H& " or p-?’l—Te>2+ collisions,
500 GeV3He?", 170 GeV p.

1102 ‘6-8 Bquisdad - doys)Iom X3dV



Contents

6

v

Layout

Particle data

Booster and AGS energy ranges
Depolarizing resonances in booster
Depolarizing resonances in AGS
AtR matching

Comments

10

13

15

1102 ‘6-8 Bquisdad - doys)Iom X3dV



1 Layout Reminder, RHIC at max. Bp, 833.9 T.m: >
proton ; p=250 GeV/c, Gv=477.7 EE
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2 Particle data

units proton SHe?"
(for comparison)

mass MeV/c? 938.272046  2808.39148

10~%"kg 1.672621777 5.00641234
mass/amu MeV/c? 1.00727646  3.0149322
charge Q €] +1 +2
number of nucleons, N 1 3
number of protons, Z 1 2
spin quantum number 1/2 1/2
magnetic moment,u LN 2.7928474 -2.1276253
gyromagnetic ratio g = -t x 2228 2 2.99315281
anomalous mag. momenty = £ 1.7928474  -4.18415382
Imp. resonance interval|mc*/G| MeV 523.3 671.2
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3 Booster and AGS energy ranges

Proton, for comparison

Comments
kin-E (GeV)
Bp (T.m) 2.1496
v 1.2132
By 0.6868
Gy 2.175
kin-E (GeV) 1.4167
Bp (T.m) 7.2051 Max.Bpin Boosteris 17 T.m
0l 2.5100 w/ Qx/y=4.73/4.82 optics
By 2.3021
G~ 4.5

kin-E (GeV) 22.8738

Bp (T.m) 79.3668

0l 25.3786

By

G~ 45,5 Half-int. for AtR match ; not

more due to AtR matching limitations.

2+ .
3HE possible data :

Comments
BOOSTER INJECTION :
kinetic E (MeV/N) 2.0146 Hyp.:5 = 0.0655 from EBIS IH DTL

Bp (T.m) 0.3075 Note IBpijHe2+ < Bpinjp
v 1.0022 ’

By 0.0656

G~y -4.1932

BOOSTER EXTRACTION / AGS INJECTION :

kinetic E (GeV) 2.2256 0.74186 GeV/N
Bp (T.m) 6.9678 Consistentw/ p ZBpijHe2+ ~ Bpinjp-
v 1.7925 ’
By 1.4876
Gy -7.5
-10.5 Interest : injection into AGS beyond 0+.

AGS EXTRACTION :

kinetic E (GeV) 30.4
Bp (T.m) 55.2  Bp,, sHezt < Bputrp whereas
Bp=179.36 — Gvy= —T1,
this leaves room for extraction beyond 60-.
Gy -49.5
|G| >517? Higherinjection E into RHIC
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4  Depolarizing resonances in booster

Imperfection resonances, Gy — n = 0}, induced by vertical closed-orbit

- Acceleration range,p’: Gy :2.175 — 4.5 : 2 resonances, at'y = { 2 h%{e%'fc?rrcbétd(/;ggirﬁcfltiign

. ) 2
- Possible “conservatlve”3H_>e ' range : Gy : —4.19 — —7.5: 3 resonances, at-Gvy =5, 6, 7.

e Example of S, motion, 3We2+, G| - 4.19 — 16.
Range shown covers up to max. boosteBp ~ 17 T.m (proton G~ = 9.9, 3I—I%e2+ G~y = —15.75) :
01-_8 EZ%?;;B‘QI_ZDOD‘% SyiF VS; . I S ganmae | :
o o — | #=2ex (—%"]2'2) —1
. % 3 He | S He #Ef ' g 4 Single?’H—é2+ onVc.0. (U, = 1 mm), e, €,
- — zero.

N
A
0
o
R
0
R
N
R
A
R
0

e Strengths of imperfection resonances in Booster, Qx / Qy = 4.73 /82 optics.

BOOSTER, RES. STRENGTHS,  MPERFECTION

Thin lens mode :
E J, = %ZQMGS (cos(Gyay)
| ] +i sin(Gya;)) (KL); Zeoi

|JH‘ / Zmax

2 4 [ 8 10 12 14 16
| G gamma |

e Means for correction of imperfection resonancespractical feasibility to be explored . harmonic
orbit correction, helical partial snake.
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Intrinsic resonances, |Gy =+ (), —n = 0|, induced by betatron motion

- Acceleration range, proton : G~ : 2.175 — 4.5 : no systematic (n=6<integer) resonance.
. 2 .
- Possible range?H—é i Gy : —4.193 — —7.5: 2 systematic resonances, &'y =0+ @, 12 — Q,.

. 24 . 2
e S5, motion for 3HE " in |G| : 4.19 — 7.5. Vertical lines showG~ ranges for p and for e

. 32°4Byl Fror Sy VS. | &S ganmnma|
o.8 ¢t O+ 12- 6+ 18- E
O. 6 ¢ i I j : P J 2
E 1 1 4 B ﬂ' .
o. o | \ . L=oexp(-zL) -1, 4 =16
i 1 ; 2 « !
O. 2 | { i ] ¢
o.0F ; : .
- E : ; 4 B . —>2+ . . .
] i | 3He SHe %——4 ] Single 3Hé" " on zero vertical orbit with €, =~
_ el ‘ 5 ] 0.6 s/mm.mrad invariant.
- . 8*¢L } :
-1 C Fﬁ—*——“ﬁ : |
T2 g (S 8 10 12 14 16

e Strengths of intrinsic resonances in Booster, Qy =4.82.
Major lines are at Gy = 0+ Q,, 12—, 6+, 18—.

BOOSTER, RES. STRENGTHS, INTRINSIC
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e Foreseen means for overcoming intrinsic resonances, to be assed : AC dipole (was done in AGS).



e Possible different settings for3H_>e2+— to be assessed:

0+ Qy

12 — Qy
Hence, no systematic resonance in acceleration range, no compgation needed.

(i) Could foresee pushing both{ resonances beyond [4.19,7.5] range.

How that works :

- Strength of 0™ for ¢, = 2.57mm.mrad, norm., is N,, ~ 0.012.

- Take distance to the resonancé = |Gy + Q, — n| > 7 x N, then

- givenn = 0 here, thentune at injection should satisfy@), < —G~|i,; — 7 x N,, = 4.11.

Z804bL) T7oP

1.
O. 8 ] ]
0.6 | R — ‘ : : 24 :
0. 4 | S— | i S, motion. *He  is on zero vertical or-
Y B o | bit with non-zero vertical invariant.
i | Vertical lines showG~ range for °He ™ .
.6 F
8}
16
o s | G garmagryrr=ea|
- 1 Zoom on random intrinsic resonances
< =] . in acceleration range.
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(i) Could foresee extracting at higher rigidity.

- For instance, below 6+Qy andoeyond AGS[0+] e.g.,Gy = —10.5 (Bp = 10.8 T.m, needsQ), > 4.5).
- Or even further, Bp — 15 T.m (G~ — —14).
- Note : still below transition v (|G|, > 16), and below max. Bp = 17 T.m.

Zgoubi | Zpop Sy VvSsS. | G ganmsa|
F S+ 1.8+

» RGO Strengths (Qx/Qy=4.73/4.82) :

ACSS | Gy 0+ 12- 6+ 18-

SNAKES

- = N, at25r 0.011 0.0006 0.010 0.012

O ANONALOD
J
L

1.
(@]
(@]
O.
(O]
(O]

1. g 6 =3 EXe) iz ia ie

e Interest : improved optics in AGS with snakesif rigidity is higher :
-Gy = —7.5is Bp = 6.97 T.m, even lower than protonG~ = 4.5, Bp = 7.21 ;
- lower rigidity is less favorable as to snake optics : focusing peurbed, coupling.

AGS WARM SNAKE, FOCUSING AGS WARM SNAKE, COUPLING

= 0.02 0.005 ™ 0.02 9e-05
~ 0t e \ o 5 0.018 - - 8e-05
~ -0.02 10 005 = 0.016 4 7e-05

-0.04 | : 4 0.014 | 4 6e_05
o -0.06 17901 5 |, 0.012 - 4 se-05 !
S -0.08 1-0.015 = S 0.01 1 de-os &
n -0.1}F 4002 G O 0.008 [ € 0
5 -0.12 | ' 5 2 0.006 | 1 305 A
0 2 I P - -0.025 . a _
o -0.14 | . x-foc —+— 8 0.004 | x-coupl —— | 2e-05
W -0.16 | % ; ¥-foc 7 -0.03 0.002 | \ . y-coupl — 1le-05
| ~0.18 | | | | | | | Y I IR ~0.035 | 0 | p = S I | [ 1 Y M I I R 0
x . -

0 10 20 30 40 50 60 70 80 90 100 110 > 0 10 20 30 40 50 60 70 80 90 100 110

Rigidity (T.m) Rigidity (T.m)
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5 Depolarizing resonances in AGS

Imperfection resonances, Gy —n=0

Spin motion, typical :

- Proton, acceleration range : 1. =
Gy 4.5 — 45.5, 0.8
41 integer resonances crossed 0.6 o
0.4¢ . 5 a
0.2
=2+ : 0.0} —
-3Hé , possible range : e
Gy : =7.5 = —49.5, N
42 resonances crossed N
.8t
-1 10 20 30 40 50 60 70

e Strengths of imperfection resonances in AGS :
Proton rigidity (T.m)

20 40 60 80 100 120
100 T T T - T —T T
o Imperfectionres. ——— ¢
I 10
=
N
™~ 1
[
) ‘
o e L] |
||| |||||
10 20 30 40 50 60 70

G .gamma
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e Imperfection resonances in AGS are
overcome by spin-flipping, using two he-
lical partial snakes

\1°4

e A partial snake forces polarization to flip : at Xing of any integer resonance one gets
sz'nal T ¢ ’ -3
=12 ——— =+ J, ) =1 = —1 at better than 10
Pinitial exp/ 200 |21 )

if snake strength¢ /27 dominates over strength of imperfection resonances% 2 || + 2y

proton : Cold/2.1T/21°, Warm/1.5T/11°

e In the AGS, snakes ensure spin rotation® = 3H—>e2+ . Cold/2. 1T/-44. Warm/1.5T/-26°

Example spin flio. belo G 435 - 60. riaidities proton: 75.9 — 104.7 T.m
e =X | 10, W . : O —> , rigiait :
PE PP ! J 3H& " : 48.47 — 67.0 T.m

: : : : proton : ., ~ 8 mm
- Single particle ; vertical orbit: ¢, —2+

L €, €, ~ 0,0 < 1074,
Hé S 5 mm ry Gy p/p‘synch.

—>24 ) .
Proton| snakes 12% + 6% 3H& |, snake settings ag’s, i.e. 25% + 15%
1. A2od48pl FRoP SZ VS - = ganmme — L FgouBLlFror SZ VS, G ganmm
o. 8 - — 3 \ / : o 5 Em ~ o~ ) A
0.6 ¢ ‘ o o . [\ ol f] [ {2\ I\ |
o.4at : 7 o all ot AL My T
o.2z¢ | / o o1 | ! A . |
: ] ! o. o \ [ 11 é L P } L
-2 : ! ‘ : e N ! Lo 1 Lo
a fro / ; ; aE I - N N U I N |
6 - / { : 6 Eol Y S T T U Vo
-8 7 i j P \ ] \ ./ \ v \/ Lo\
1. 45 a6 as =6 =33 54 56 58 60 R J \J_ A N\ W ~ \\j =
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Intrinsic resonances,Gy + @, —n =0

oSy

Major lines are systematic resonances (n=12integer), at Gy = 0+Q,, 12+Qy, 36-Qy, 36+Qy, 60-Qy

;00000
NONAO O

I
o

Bl

motion, typical :
A e 3 — - Proton, acceleration range :
) e I | Gy :4.5— 45.5,

4 strong resonances crossed

P

2 .
3HE possible range :

Gy : =7.5 — —49.5,

4 strong resonances crossed
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e Intrinsic resonances, strengths :

P rot om rigidit~ss (T - 1M )

1000
N eNe]
1 O

2+
SHe  resonance strengths are

sronger than p’s , in the ratio
\/yG3H62+y /G~ 15

1 o =Ne} 30 a o 50 [S¥e} 7 O
| < gamma |

e Intrinsic resonances in AGS are overcome by pushing), in the snake-induced, forbiden(); band

ggounyl zpor sz vs.
o NER AN | However, non-zeroe, excites
o BERD P G~ = integer £ Q), N
o H
2 b i é‘ = i o 6
4 | 1 4 . (P, €2 =~ 157107° norm., ¢, ~
.y | ‘ ; 27 107% norm., here)
) 45 50 55 60 65




6 AtR matching

e Horizontal bends interleaved with vertical deviations in AtR cau® the line to be non-transparent

to spin motion.
Hence matching between AGS and RHIC stable spin directions is nessary

(7
s
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”ft% ¥ "T ;f
e % * /5
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X
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2.6 miad VEN DEND SWITCHING

MrGNET

(i) Matching to vertical 77, in RHIC is achievable in the rangeG~ ~ 45.5 —49.5 — depending on snake

settings [Ref. W. MacKay] :

3He™ AGS to Blue matching

3He™ AGSto Yellow matching
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AtR matching

(ii) Extracting 3He®" at higher Bp from AGS ? (this requires overcomingG~y =60-Qy and higher Gy
resonances in AGS - to be assessed)
e That raises the question of extending the AtR matching to higher-~.

e Matching is possible using two horizontal dipole bumps located tavertical deviations in the line
[ref. Nick Tsoupas] :

Dir. Cosine with Vertical (Sy) vs. Gy
*He(-->)in AGS Cold Helix at A20 -44° Warm Helix at E20 -14°

T T T T 7N "~ TN T /N " T T "~ T T
Al [ Mo q g
0.8 — S, atHI0 [\ r[
06 N | — S, at RHIC optimized with two "Dipole Bumps" for Gy=65.5 p |
' — 8, at RHIC NonOptimized
0.4 B
0.2 |
w0 ]
0.2 E
0.4 |1
-0.6| Y |
0.8 k Y i
. L | | | | .
a4 MY UV T\ U
4 46 48 50 52 54 56 58 60 62 64
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7 Comments

¢ In view of preparing future acceleration of 3H& ' in RHIC, we might plan the following experi-
ments, in booster and AGS :

(i) Assess operation of Booster af), close to~ 4 : G’y3Hez+Span 4.19 — 7.5 isthen free of intrinsic
resonances.

(i) Acceleration in booster beyondBp = 7 T.m : in view of
- higher rigidity in AGS snakes,
- bringing Gy, e+ atl AGSinjection beyond 0 + (), AGS depolarizing resonance.

(iif) AGS : investigate use of warm snake at higher field.

Possible APEX :

e 3He?" in RHIC :
Demonstration of feasibility : accelerate (non polarizedfHe*" up to 500GeV in RHIC.

THANK YOU

TT0Z ‘6-8 pquedad - doys)Iom X3dV

1)



