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Low Energy
Spin Rotator

€- source

T - Spin Oriented Vertically

=3 - Spin Oriented Longitudinally

6 km Damping
Ring

Turnaround for
feedforward
trajectory correction

e+ Production Wiggler at 150 GeV Photon Target
\ P Transfer to e+ damping ring

First part of Main Linac 2 mrad

High Energy
Spin rotator

Bunch Compressor 20 mrad

2 IPs

Second part of Main Linac

e The High Energy Spin Rotator after Damping Ring
(at 5 Gev) will be discussed here.
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o Particle spins must be oriented vertically in order to pass
undisturbed through the damping rings

e Full flexibility in IP Spin orientation

e Post-Damping Ring Spin Rotator must fulfill the following criteria:
— Full flexibility in outgoing spin orientation
— Preserve transverse emittances

- Net momentum compaction must be small to preserve
longitudinal position

- placed where energy spread is small for energy band pass issues
=> before BC

- System should be robust over entire range of operation
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Use a Half Serpent?

e Could use nested horizontal and vertical chicanes to

manipulate spin
- Simple design

- But must be careful about synchrotron radiation
emittance growth and R 56 term...

Top View

Side View
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| EPP  Half Serpent Emittance Growth

e Emittance dilution due to synchrotron radiation for vertical

chicane: 5 58
0
Ayey:8x10_8-E6E AL+L+@

using some reasonable parameters:

AL=2L, Gupin=5=a10, [=2p=Loy=38L

Requiring the ILC normalized vertical emittance of 20 nm
not to grow more than 2% results 1n the scaling between

bend length and beam energy:

Lim| > 190-E[GeV] = 190 - [5GeV] > 950 meters
Likewise,
480
E|GeV]

2
Rs¢ = 202 (AL—|— gL) = Rsg [M] >
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e A Solenoid can be used instead to perform the spin
manipulation
- However, solenoids also roll the beam introducing x-y coupling
— The key 1s rotating the spin and decoupling the beam.

e This can be done by spitting the solenoid in half and introducing a canceling
symmetry between the two halves. Emma Rotator

e First solenoid rotates spin by half the desired total ~Solenoid Solenoid

e Then a transfer line which is +1 in x and -1 in y will reflect the beam about the y-
axis

e Finally, the second solenoid (of equal strength) rotates the spin the rest of the
way as 1t rotates the beam back to a flat state.

— Changing the spin rotation angle 1s simply done by changing the
strength of the two solenoids.
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e By placing a horizontal bend section between the split solenoid sections as described
above then a fully flexible spin rotator can be created where any arbitrary outgoing spin
orientation can be achieved assuming the incoming orientation is vertical.

e Let each solenoid rotate the spin up to 45 degrees about the longitudinal axis and the arc a
fixed amount of 90 degrees about the vertical then the net spin rotation through the
system

. o .
/ COSPyor34  —SINQPyoi34 O cos7 0 sing COSPsor12 — SNy 0
Qror = Qo134 - RLend * Lsor12=1| SiNPgo34  COSPgo34 0 | - 0 I 0 || sindgnz2 cosdgz O

0 0 0 — sin%E 0 cos%c 0 0 0

/ —SIN Qypr34 SIN Pyp12 — SINP34COSPr2  COS Gyor34

= COSQso348INPgor12 —COSP34COSP12  COS Pyor34

— SINPgp/12 SIN Q0712 0
e The incoming orientation is vertical, so
i 0 F 10 Pso134 COS Psor12
S=Qu- | 1 | = | Zc0SPs0134COS Psor12
0 =+ S1N Qgor12

e [f the solenoidal fields are reversible then any arbitrary spin orientation can be
achieved.
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Emma Rotator Emma Rotator

= B=5 -

Solenoid Solenoid Solenoid Solenoid
spin: T

O, — -

e Solenoids will rotate the spin about the longitudinal axis, however, they also introduce
transverse coupling.

— An Emma Rotator performs a +| rotation in x and -l in y.

— Two solenoids separated by an Emma Rotator will rotate the spin and remove the
transverse coupling.

e The combination of two Solenoid Rotators and aVertical Dipole Rotator (horizontal
bend) will allow for arbitrary final spin orientation and result in no transverse coupling.
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Current Design

e System works over entire
range of exit polarization

- However, matching
regions must be tuned as
the solenoid focusing
strengths slightly
change.
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Full flexibility on outgoing spin by manipulating solenoid strengths.
Emittance tends to blow up in Emma Rotators due to chromaticity

- decreasing phase advance per Emma FODO cell and lengthening
the quads lowers emittance growth

- Spin Rotator must be before bunch compressor or large energy
spread will blow up emittance

— current design limits the growth to 0.01 nm 1n 1deal case (no
misalignments)

R 56 = -6 mm which is miniscule compared to the -800 mm in bunch
compressor

Changing solenoid strengths changes solenoid focusing so matching
sections do need to be tweaked to maintain beta functions. Optimizing
the matching sections also improves emittance dilution.

" 6/15/06 Jefjrey C. Smith 10



inewsrv 4 | = PP Alignment studies

LABORATORY FOR ELEMENTARY-PARTICLE PHYSICS

e Emittance dilution, spin vector error and spin polarization studies

have been performed for a nominal beam extracted from damping
ring.

e Simulations performed in ILCv

- based on the BMAD beam dynamics library developed at
Cornell

- tracks phase space and spin vectors of particle beams
e Beam-Based Alignment studies are ongoing and in their infancy

e In the following studies the plotted misalignment was applied then

the beam was re-steered to zero the BPMs. Then averaged over
100 seeds.
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e Energy band-pass

good enough for Relative Linear Dispersion Corrected Normalized Emittance Growth
ILC --butonly 'V ' ' . .

upstream of bunch Nominal Energy Spread % %
compressor where 1.03 % } 1

energy spread 1s
0.13% (versus 3% | o, |

energy spread } } %

downstream of 7 %

bunch LOLr { } |
compressor). P

e Key to energy

band-pass 1s Vertical Emittance
C Horizontal Emittance ----x---
limiting 0.99 | . . .
Chromaticity in 0 0.002 0.004 0.006 0.008 0.01
Energy Spread (%)

Emma rotators
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Emittance Sensitivity to Monitor Offset

Emittance Sensitivity to Quadrupole Strength Error
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Spin Angle Sensitivity to Monitor Offset
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In general, emittance dilution due to
component misalignments 1s much
more of a serious problem than 1s
spin orientation errors.
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Design Misalignments

e A more telling analysis 1s with including all
misalignments at their nominal values.

Error Tolerance With Respect To...
Quad Offset 150 um Cryostat
Quad Tilt 300 urad Cryostat
BPM Offset 70 um Quadrupole
BPM Resolution 1 um True Orbit
Quad Strength Error 0.25% Design k1
Bend Strength Error 1.0% Design angle
Solenoid Strength Error 1.0% Design ks
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“ U LEPP 1-to-1 steerin

e Simply Zeroing the
BPMs results in i I IIHHI.MII [ WL
Il Il W]

large residual
projected emittance

Emittance growth with all errors

rowth 50 . . . . .
g ’ normalized emittance (nm) +——+—

e However, almost dispersion corrected emittance (nm) -
completely linear B |
dispersive.
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L EPP Ballistic Alignm

e Ballistic Alignment

almost completel i I ”M”Hﬂ” [ L
Py 11 T AT

removes the linear

dispersive N ~ Emittance growth with all errors with BA
emittance growth. 50 . . T ' '
normalized emittance (nm) ————
e But still some dispersion corrected emittance (nm) -
dispersion corrected B )
growth. Virtually all
of which is due to 40 r |
x-y coupling. i
e Skew corrections
should be able to 30 | :: ]
elliminate most of §§
X
the resultant growth 55 | . . 5okl Bl g ]
1 O KX FHXXFK X B
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e In nominal condition
rotates polarization from
vertical to longitudinal
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e Perhaps

— If spin rotator is located in storage ring then there are all kinds of
problems not experienced 1n a linac:

e Would probably have to get the small depolarization under control --
probably by lengthening bends a bit (or decreasing energy spread).

e As it stands, i1t’s 80 meters long. Would take up a lot of space in a ring.
Long length mainly to reduce emittance growth.

e Spin-orbit coupling? Spin depolarizing resonances? Don’t know much
about these but would have to be seriously investigated.

e Depolarization due to collision? Again, never studied this. HeLiCal
collaboration is looking into this for ILC.

e In any event, not a simple matter and there would have to be a serious
endeavor to investigate the feasibility.
- If beam only goes through spin rotator a couple of times (even a
couple hundred) then probably no problems.
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