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Plan.

• Classification of techniques: self polarization, injected

polarization.

• Self polarization/ depolarization: some theory.

• Optimization.

• Experience.

• Calculations/software.

• Beam–beam.

• Misc. thoughts and future rings.

• Recommendations.
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Self  polarization

Sokolov−Ternov

effect polarization

HERA

LEP

etc

MIT−Bates

(AmPs Nikhef)

etc

Kinetic 
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Injected polarization
−−mostly electrons

Storage mode
Stretch/Accelerate

Extract

Rapid Accelerate
Extract

MIT−Bates

(AmPs Nikhef)

eRHIC

EPIC

B τ CF

<

<
3.5 − 7 GeV

10 GeV

0.9 GeV

3.5 GeV

ELSA (Bonn) 0.5 − 3.5 GeV

ELFE @ DESY15 − 25 GeV

ELFE @ CERN 15 − 25 GeV

6 GeV<CEBAF
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Self polarization / depolarization.

• Electrons in storage rings can become spin POLARIZED

due to emission of synchrotron radiation:

Sokolov–Ternov effect (1964).

• The polarization is perpendicular to the machine plane.

• The maximum value is Pst = 92.4%.

• Sync. radn. also excites orbit motion. So sync.radn. also

causes spin diffusion i.e. DEPOLARIZATION!!!!! Baier +

Orlov (1966), BINP, Chao, Yokoya, DESY

• For longitudinal polarization the polarization vector must

be rotated into the longitudinal direction before an IP

and back to the vertical afterwards ===> spin rotators.

• Depolarization can be very strong if the polarization

vector is horizontal in parts of the ring or if vertical

dispersion generates vertical emittance.
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Cont./

• So with rotators the depolarization can be very

dangerous.

• However this source of depolarization can in principle be

combatted by a special choice/adjustment of the optic

called ‘spin matching’.

• But in principle nasty higher order effects remain.......

• In spite of these problems longitudinal polarization has

been achieved at high energy, namely at HERA. Spin

matching works.

• Use the HERA experience and that at LEP for future

high energy rings.
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Sokolov–Ternov effect: flat ring, no sols.

•

W
↑↓/↓↑ =

5
√

3

16

e2γ5h̄

m2
ec

2|ρ|3
(

1 ± 8

5
√

3

)

• Pst = 8

5
√

3

• flip power

non−flip power
≈ (Ec

E
)2 –very small!

• Time constant: τ−1
st = 5

√
3

8
e2γ5h̄

m2
ec

2|ρ|3 –small!

Homogeneous fields, Dirac wave functions, simple pert.

theory.

But in real rings: inhomogeneous fields, various directions

====>
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The T-BMT equation.

d~S

ds
= ~Ω(γ,~v, ~B, ~E) × ~S

In transverse magnetic fields:

δθspin = aγ · δθorbit

a = (g − 2)/2 where g is the electron g factor.

At 27.5 GeV aγ = 62.5 (HERA)

At 185. GeV aγ = 420 (VLLC)
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Spin motions

• Protons: largely deterministic — unless IBS.

• Electrons/positrons:

If a photon causes a spin flip, what are the other ≈ 1010

photons doing? ===>

Stochastic/damped orbital motion due to synchrotron

radiation

+ inhomogeneous fields

+ T–BMT

===> spin diffusion i.e. depolarization!!!

Balance of poln. and depoln. ===>

P∞ ≈ P
BK

1

1 + (
τdep
τ
BK

)−1
(P

ST
→ P

BK
)

τ−1
dep ∝ γ2N τ−1

st (polynomial in γ)

===> Trouble at high energy!
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Periodic solution n̂0 on closed orbit.

The real unit eigenvector of:

R
3×3

(s + C, s)~S = ~S

n̂0 is 1–turn periodic: n̂0(s + C) = n̂0(s)

n̂0: direction of measured equilibrium radiative polarization.

The value of the polarization is the same at all azimuths —

time scales.

PBK ∝ ∮ B̂·n̂0ds
|ρ|3

If n̂0 is horizontal PBK = 0

If n̂0 is evenly up/down PBK = 0
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Spin–orbit resonances

νspin = k + kIνI + kIIνII + kIIIνIII

νspin : amplitude dependent spin tune ≈ closed orbit spin tune = precessions /turn on CO

• Orbit “drives spins” ===> Resonant enhancement of spin diffusion.

• Resonance order: |kI | + |kII | + |kIII |

• First order: |kI | + |kII | + |kIII | = 1 e.g. SLIM like formalisms.

• Strongest beyond first order:

synchrotron sidebands of first order parent betatron or synchrotron resonances

νspin = k + kiνi + kIIIνIII , i = I, II or III
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B

y

x

s

Depolarization in arcs if n  (s) not vertical
0

EXAMPLE:
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Main sources of depolarization

• Vertical misalignments ===> tilted n̂0 in arcs ===>

In lowest order:

P ≈ PBK

1 + (A E2)(B E2)

– A E2: (tilt)2 of n̂0

– B E2: (aγ)2 coupling of spin to sync–beta motion.

Potential very strong effect:

at HERA a tilt of 50 mrad ===> very small polarization ===> keep n̂0 very close to

vertical in the arcs.

• Regions of horizontal n̂0 between rotator pairs: i.e. maximum tilt ===> trouble.
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P(t)

t

P(aγ)

N N+1

0.924

0.924

441 MeV

N+ 1/2

α (1 − e
−t /τ tot

) τ   =   τ   +  τ
tot ST dep

−1 −1 −1

aγ ( νspin )

SLIM formalism:
only first order
resonances
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Synchrotron  radiation

Orbit dynamics

Depolarization     Polarization

Spin flip (rare)

mechanics
M
U
T
N
A
U
Q

Unified picture of complete process

Derbenev−−Kondratenko−−Mane  formula

  Self  Polarization of  electrons/positrons

Uncorrelated mixture
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Particle transport in the presence of damping and diffusion.

Fokker–Planck equation:

∂W
orb

∂s
= L

FP,orb
W

orb

where with synchrotron photon emission modelled as additive noise the orbital Fokker–Planck

operator can be decomposed into the form:

L
FP,orb

= Lham
︸ ︷︷ ︸

Lham→Liouville

+ L0 + L1 + L2
︸ ︷︷ ︸

damping and noise

.
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Without the S–T terms, the corresponding form for the

Polarization Density ~P :

∂ ~P
∂s

= L
FP,orb

~P + ~Ω(~u; s) × ~P

Barber + Heinemann 1990’s: NIM-A463, A469 2001

~P (s) =
∫

d6u ~P(~u; s).

This equation:

• can be derived in a classical picture,

• is homogeneous in ~P i.e. it’s “universal”,

• is valid far from spin–orbit equilibrium,

• contains the whole of depolarization!
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After including the S–T terms, this becomes (Derbenev + Kondratenko, Barber +

Heinemann):

∂ ~P
∂s

= L
ham

~P + ~Ω(~u; s) × ~P
︸ ︷︷ ︸

≡Damping and noise free part

+L0
~P + L1

~P + L2
~P +

1

τ0(~u; s)

[

~P − 2

9
v̂(~P · v̂) +

8b̂(~u)

5
√

3
W

orb

]

︸ ︷︷ ︸

ST in BKS form

+ X−terms
︸ ︷︷ ︸

Kinetic pol.

︸ ︷︷ ︸

SMALL

⇓
≡ T-BMT equation (BIG)

⇓
Stationary state

⇓
n̂-axis (Invariant spin field) → DETERMINES DIRECTI ON

⇓

Rate of polarisation loss ∝ Functional of n̂, ∂~u n̂, ∂
2

~u n̂ . . . . . . (e.g. DK formula ).

=⇒ large near spin orbit resonances — since n̂ is then very sensitive to ~u.
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The invariant spin field (n–axis, Derbenev–Kondratenko vector)

0

0

n

n

0n

s1 s2

s1 + C

f (u ; s ) , x z
u = (x, p ,y, p ,z, p )

y

A pre−established s−periodic unit vector field at each phase space point
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The invariant spin field (n–axis, Derbenev–Kondratenko vector)

0

0

0

n

n

n

s1 s2

s1 + C

f (u ; s ) , x z
u = (x, p ,y, p ,z, p )

y

A pre−established s−periodic unit vector field at each phase space point  
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y zx

spinνAmplitude dependent spin tune! ( J)

phase space point

= n1,n2 axes

=  Spin projectionn1

n2

n1

n2

n1
n2

n1

n2

on n1,n2 plane

s2

s1

Attaching coordinate axes to each 

Spin precession rate w.r.t.  n1, n2  is the same at all phase space points with same J  , J  , J  . 
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• Measured polarization:

~Pmeas = P n̂0

• In detail:

~Peq(~u; s) = P
DK

n̂(~u; s)

• ======>

~Pmeas(s) = < ~Peq(~u; s) > s = P
DK

< n̂(~u; s) > s ≈ P
DK

n̂0(s)

since at normal energies

|n̂(~u; s) − n̂0(s)| ≈ a few tens of milliradians at the most!
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The Derbenev–Kondratenko–Mane Formula.

P
eq,DK

= − 8

5
√

3

〈 1
|ρ|3 b̂ ·

[

n̂ − ∂n̂
∂δ

]

〉
〈 1
|ρ|3{1 −

2
9(n̂ · v̂)2 + 11

18

∣
∣
∣
∣

∂n̂
∂δ

∣
∣
∣
∣

2}〉

~P
ens,DK

(s) = P
eq,DK

〈n̂〉s ≈ P
eq,DK

n̂0

n̂: Semiclassical quantization axis: n̂(~u, s) = n̂(~u, s + C) .

b̂ = v̄ × ˙̄v/ | v̄ × ˙̄v |
δ: fractional energy deviation (6th canonical coordinate).

〈 〉: ring and ensemble average, 〈 〉s: ensemble average.
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Tears of frustration
e.g. e-Print Archive: physics/9901038

• The S–T effect is NOT due to ∆~µ · ~B: Eγ ≈ tens of keV but S–G energy is a fraction of eV.

P
ST

does not vanish at g = 0 etc etc.

• The invariant spin field n̂ is NOT a “spin closed solution”:

it is analogous to the invariant torus of orbital motion.

• High order spin–orbit resonances (including synchrotron sideband resonances!) are in general

NOT due to orbital coupling or non–linear fields, but are simply due to the

non–commutative behaviour of rotations. High order resonances occur for perfectly linear

orbital motion and skew quads primarily just introduce more 1st order resonances and shift

the resonant spin tune as the orbital eigen–tunes shift.

• The off–closed–orbit (amplitude dependent ) spin tune does NOT depend on the orbital

phases:

“tunes” depending on phases are meaningless.

It is NOT derived from a simple eigenproblem.

• The value of Peq is NOT due to the opening angle |n̂(~u; s) − n̂0(s)| — in a simple picture it

is due to the balance of Sokolov–Ternov effect and diffusion

• To paraphrase or misquote Pauli: “Some of the things in the literature are not even just

wrong, they are pathological.”
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Linear spin matching

M̂8×8 =




M6×6 06×2

G2×6 D2×2





acting on ~u = (x, x′, y, y′, l, δ) and α, β

n̂(~u; s) ≈ n̂0(s) + α(~u; s)m̂(s) + β(~u; s)l̂(s)

α, β: 2 small spin tilt angles.

To minimize depolarization:

minimize G2×6 for appropriate stretches of ring

===> lots of independent quadrupole circuits.
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The matrix approach to linear spin matching: minimize G2×6

Advantages:

• Direct connection to quantities appearing in SLIM (SLICK).

• Necessary for coupled systems (skew quads, solenoids).

• For a big ring:

Evaluation (numerical) of integrals in a thick lens optimization program is too slow ===>

analytic integration? ===> integrals already contained in G2×6 .

• “Locality”: once G2×6 is zero for a section of the ring it remains zero no matter what

changes are made to the optics outside.

• Provides a systematic basis for investigation of the algebraic properties using e.g. REDUCE,

MATHEMATICA, MAPLE.

• The interpretation is usually transparent, e.g. arbitrary string of quads and drifts.
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HERA: SLIM polarisation:
3 rotator pairs, spin matched at 29.23 GeV, no distortions
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HERA: SLIM polarisation:
3 rotator pairs, spin match broken, no distortions
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HERA: SLIM r.m.s angle between ~n and ~n0,
3 rotator pairs, spin matched at 29.23 GeV, no distortions
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Rotators: the T-BMT equation.

d~S

ds
= ~Ω × ~S

• Dipole rotators: in transverse fields:

δθspin = aγ · δθorbit

a = (g − 2)/2 where g is the electron g factor.

At 27.5 GeV aγ = 62.5

===>Suitable for high energy

• Solenoid rotators:

δθspin ∝ Blong

E

===>Only suitable for low energy.

. Also nontrivial spin–orbit coupling.



Snowmass–2001, July 2001. 33'

&

$

%

.

������
������
������
������
������

������
������
������
������
������

������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������
������

������
������
������
������
������

������
������
������
������
������

X

S +90

S −90

H +90

H −90

On  design energy

Above design energy

.

�����
�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����

�����
�����
�����
�����
�����

�����
�����
�����
�����
�����

�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����
�����

�
�
�
�

�
�
�
�

XH +90 H +90

S +90 S +90
..

.

Solenoid spin rotators (from above): best at low energy

Antisymmetric configuration

Symmetric configuration

vol. 17 1985D.P. Barber et al.,  Part. Acc. 
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Dipole spin rotators

• need ~Pmeas ‖ ~B in most of ring to drive Sokolov–Ternov.

• The natural polarization is vertical.

• But need ~Pmeas longitudinal at IP.

• ===> Rotate ~Pmeas(n̂0)

– Vertical → longitudinal just before an IP.

– Longitudinal → vertical just after an IP.

• Recall: δθspin = aγ · δθorbit

Finite rotations do not commute

===>Use string of interleaved vertical and horizontal

bends.

===> For HERA: MiniRotator by Buon and Steffen.
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HERA MiniRotator: Buon + Steffen

negative helicity

positive helicity

top view

side view

H2

V2

63

o o o

97

367741

o o 36o

IP

e-beam
direction

vertical deflections

horizontal deflections

ORBIT

SPIN

H3 H1

V3 V1

56 m (“short”) → no quads.

27 – 39 GeV, both helicities, variable geometry
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ZEUS H1

HERA − B

HERMES

‘‘Transverse"  polarimeter (TPOL)
P

meas

n0

‘‘Longitudinal’’  polarimeter (LPOL)

HERA electron/positron ring  1994 −− 2000
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Chief features of the MiniRotator

• Length limited to 56 metre: no quads needed, but

δP ∝ L−2,

• Variable energy: 27–39 GeV, variable geometry.

• Symmetric w.r.t. IP in hor. plane. Antisymmetric in

vert. plane.

• Maximum polarization: P39 > P27, P
BK

maximized.

• +ve and -ve helicity: reverse vertical bends.

• Ends fixed: middle section must me movable.

• Vertical orbit excursion small: 20 cm.

• Total vertical bend is zero.

• Total horizontal bend non–zero: include in arc to save

space.

• Spin tune shift: δνspin small.
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A MiniRotator in situ in the HERA tunnel.

Too much Postscript storage. See www.desy.de/∼mpybar/rotator.html
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The large bellows in the MiniRotator.

Too much Postscript storage. See www.desy.de/∼mpybar/rotator.html
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History

• First ideas: 1981.

• PEAS workshop: 1982.

• Spin rotator designs: Buon and Steffen, and Barber et al. 1982—1985

===> dipole variable energy and geometry “Mini Rotators” chosen.

• Spin matching for 4 pairs of rotators with a civilised optic demonstrated; 1985 (Barber).

• “Transverse” polarimeter designed and installed: 1988—1991.

• First measurements 1991: ≈ 8 percent vertical polarisation.

• Better ring alignment and “harmonic bumps” 1992: over 60 percent.

• Winter shutdown 1993—1994: installed one pair of rotators for HERMES in the East.

• May 1994: first run with rotators: immediate success!

• 1994 — September 2000: routinely running with over 50 percent even with high proton

current making beam–beam interaction in N and S.

• But Nov. 1996: high proton currents ===> first indications of beam–beam effect on

electron/positron polarisation.

• September 2000 — summer 2001: installation for the Upgrade.
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Tuning the harmonic bumps with the 72 degree optic.
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LEP: 46 GeV 1993. R. Assmann et al., SPIN2000, Osaka, Japan

τst ≈ 5 hours.
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The history of radiative spin polarization

in storage rings.

Table 1:

Name Year Polarization Energy

VEPP 1970 80% vert 0.65 GeV

ACO 1970 90% vert 0.53 GeV

VEPP–2M 1974 90% vert 0.65 GeV

VEPP–3 1976 80% vert 2 GeV

SPEAR 1975 90% vert 3.7 GeV

VEPP–4 1982 80% vert 5 GeV

CESR 1983 30% vert 5 GeV

DORIS 1983 80% vert 5 GeV

PETRA 1982 70% vert 16.5 GeV

TRISTAN 1990 70%? vert 29 GeV

LEP 1993 57% vert 47 GeV

HERA 1993 60% vert 26.7 GeV

HERA 1994 70% long 27.5 GeV

LEP 1999 7% vert 60 GeV
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Beam–beam effect

Very interesting!
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Effect of beam–beam forces on polarization
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Non-Colliding Bunches

Courtesy of the HERMES collaboration: Note that the polarization scale is about 10 percent too

high in this figure.
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Dependence of polarisation on position in bunch trains: synchrotron

sidebands and variations of νs by dynamic beam loading.
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Software

• Linearised spin–orbit motion: SLIM, SLICK, SITF, ASPIRRIN, SOM.

• Linearised orbit motion, full 3–D spin by pert. expn.: SMILE.

• Linearised orbit motion, full 3–D spin by 1–turn maps: SODOM I.

• Linear + sext. orbit motion, full 3–D spin by ring section maps and Monte–Carlo radiative

tracking; SITROS ==> SPRINT in future.
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Tuning/optimising polarisation

(1) Set aγ close to 1/2.

(2) Then choose betatron tunes intelligently, i.e. away from 1/2 but not too close to integers.

(3) Spin match the optic (“strong synchrobeta spin matching”), maintaining constraints on

tunes, beam at polarimeters, beam at IP etc etc etc: use SPINOR.

(4) Flatten the orbit.

(5) Apply “harmonic closed orbit spin matching” with special vertical closed orbit bumps.

(6) Scan the energy to stay clear of synchrotron sideband resonances: Qs = 0.06 →≈ 26MeV .

(7) Play with all tunes: c.f. beam–beam.

(8) Start again at (4).
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• Sidebands of parent first order betatron resonances: a useful approximation

τ−1
dep

∝ A

(ν0 ± νy)
2

→ τ−1
dep

∝
∞∑

ms=−∞

A B(ξ;ms)

(ν0 ± νy ± ms νs)
2

– A is an energy dependent factor

– B(ξ;ms)’s: enhancement factors, contain modified Bessel functions

I|ms|(ξ) and I|ms|+1(ξ) depending on the modulation index

ξ = (
aγ σδ

νs

)2

===> very strong effects at high energy — dominant source of trouble.
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Polarization vs. energy for a HERA Upgrade lattice including the H1 and ZEUS
solenoids: comparison of first order calculation (SLIM) and higher order
calculations (SITROS).

M. Berglund, DESY–THESIS 2001–044 (2001).
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Limitations at high energy: R. Assmann et al., SPIN2000, Osaka, Japan.
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That completes survey of what’s possible, now the future.
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The HERA Luminosity Upgrade

• Improve luminosity by a factor of ≈ 4.7:

smaller β∗,

60 degree → 72 degree arcs and ∆f
RF

to lower the horizontal emittance.

• Move electron/positron focussing (combined function) quads closer to IP’s North and South.

• ===> OVERLAPPING combined function and solenoid fields

. −→ orbit curved in the solenoid !!!!

===> remove compensating “antisolenoids”

===> coupling and distortion of n̂0.

• North and South IR’s each get a pair of spin rotators.

• Interesting spin matching problems, non–standard rotator settings.

• Big engineering problems (magnetic forces, alignment, synch. rad. etc).

• D.P. Barber, M. Berglund, E. Gianfelice–Wendt:

M. Berglund: Ph.D. Thesis, Royal Institute of Technology, Stockholm and DESY report:

DESY–THESIS 2001–044 (2001), “Spin–Orbit Maps and Electron Spin Dynamics for the

Luminosity Upgrade Project at HERA”, June 2001.
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Overlapping solenoid and combined function magnet fields
M. Berglund, DESY–THESIS 2001–044 (2001).
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Field overlap:

Need numerical construction of:

• Symplectic orbit maps.

• Orthogonal spin maps

• ===> which are built into SLIM etc.

• ===> In spite of everything 60 percent with 0.7 mm

VCO without beam-beam effect.
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H1 detector
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Zeus detector
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A GO superconducting CF magnet.

Too much Postscript storage. See www.desy.de/∼mpybar/rotator.html
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HERA electron/positron ring 2001 →

n0

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

��
��
��

��
��
��

��
��
��

��
��
��

�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����

����
����
����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����
����

������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������

����
����
����
����
����
����
����
����
����

����
����
����
����
����
����
����
����
����

������
������
������
������
������
������
������
������

������
������
������
������
������
������
������
������

���
���
���
���
���

���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

���
���
���
���
���
���

�����
�����
�����
�����
�����
�����
�����
�����
�����
�����

�����
�����
�����
�����
�����
�����
�����
�����
�����
�����

ZEUS H1

HERA − B

HERMES

P
meas

n0

HERA electron/positron ring 2001 −−

MiniRotator
‘‘Longitudinal’’  polarimeter (LPOL)

‘‘Transverse"  polarimeter (TPOL)
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Injected polarization
−−mostly electrons

Storage mode
Stretch/Accelerate

Extract

Rapid Accelerate
Extract

MIT−Bates

(AmPs Nikhef)

eRHIC

EPIC

B τ CF

<

<
3.5 − 7 GeV

10 GeV

0.9 GeV

3.5 GeV

ELSA (Bonn) 0.5 − 3.5 GeV

ELFE @ DESY15 − 25 GeV

ELFE @ CERN 15 − 25 GeV

6 GeV<CEBAF
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‘‘Longitudinal’’ snake

Snakes and wigglers for electron/positron polarization

0n

horizontal0n everywhere:

hours at few hundred MeVBatesMIT− τ
dep

tens of seconds at 10 GeVeRHIC τ
dep

millisecs at 27.5 GeVHERA τ  =  260 
dep

No Sokolov−Ternov very exciting possibility  to observe 

‘‘kinetic polarization’’ at MIT−Bates ring.
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Injected polarization: stretch, no acceleration.

• ELFE @ DESY: 15 –25 GeV, inject from TESLA and

stretch in HERA at fixed energy: no problems expected if

away from spin–orbit resonance.

Appendix B, TESLA Design Report.
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Injected polarization: stretch and accelerate

• ELSA (Univ. Bonn): 0.5 – 3.5 GeV.
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From http://www.physik.uni-bonn.de/physik/elsa99de.html
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The Froissart–Stora formula:

Polarization surviving resonance traversal.

Pfinal

Pinitial
= 2 e−

π|ǫ|2

2α − 1

• ǫ is the “resonance strength”, a measure of the dominant

spin perturbation at resonance,

• α expresses the rate of resonance crossing.
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ELSA
Modification of Froisart–Stora prediction by synchrotron radiation

Crossing the imperfection resonance at 1.76 GeV

http://www-elsa.physik.uni-bonn.de/Forschungsgebiete/Polarisierte-Elektronen/pole de.html

C. Steier et al., EPAC98
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ELSA
Maintenance of polarization by fast Qz variation,

dynamic closed orbit correction and harmonic corrections
to reduce resonance strengths.

http://www-elsa.physik.uni-bonn.de/Forschungsgebiete/Polarisierte-Elektronen/pole de.html

M. Hoffmann et al., SPIN2000, Osaka, Japan
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Injected polarization: rapid acceleration, then extraction.

• CEBAF at TJNAL:

up to 5.73 GeV, up to 80 % polarization, up to 100

microamp.

Ideas for 12 GeV: need vertical spin at 12 GeV?

• ELFE @ CERN: 25 GeV, 7 turns. Studies done with

horizontal spin ===> danger of decoherence due to

synchrotron motion. Why not vertical spin and a

MiniRotator at full energy?

No big problems for polarization expected: energy constant

in arcs, minimal effect of acceleration fields on the spin (see

T–BMT), very rapid increase of energy — full energy reached

in a few turns.
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A
B

C
End

Stations

56-MeV Injector
(2 1/4 Cryomodules)

0.5-GeV Linac

Extraction
Elements

0.5-GeV Linac

Recirculation
Arcs

(20 Cryomodules)

(20 Cryomodules)

CEBAF
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ELFE@CERN

E. Keil: EPAC 2000.
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An electron–positron collider in the VLHC tunnel.

FERMILAB–Conf-01/107–T july 2001: T. Sen and J. Norem

• 184 GeV, circumference 233 km,

• τst ≈ 2 hours, σδ ≈ 10−3

• Synchrotron sideband resonances: ξ = (aγ σδ

νs
)2 ≈ 13 !!!

==> sidebands will wipe out the polarization.

• ===> Pairs of Siberian Snakes so that νspin ≈ 1/2 ==>

ξ ≈ 0

BUT the Sokolov–Ternov effect averages away! ===>

install asymmetric wigglers or special strong bends.

Ya. S. Derbenev for LEP.
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Snakes and wigglers for electron/positron polarization

Snake 2

Snake 1

n
0

n
0

s

1 32

Field integral = 0 but
ρ3
1Σ = 0

i
i

Asymmetric  wiggler

B
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45 GeV VLHC booster tunnel for an

electron–positron collider.

• Circumference 12.6 km,

• τst ≈ 20 minutes, σδ ≈ 1.210−3, νs ≈ 0.06

• Synchrotron sideband resonances: ξ =≈ 4 !!!

==> need to get νs ≈ 0.1 and decrease σδ to approach

the situation at LEP.
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eRHIC: 10 GeV electrons, 250 GeV protons
Ben–Zvi et al., NIM A463 (2001) and EIC white paper. 2001

Electron ring option: τst ≈ 10 hours,

Fixed energy rotators. Each is a snake

==> Sokolov–Ternov averages to zero.

==> inject pre–polarized from a booster: electrons or positrons.

Spin matching needed/possible to suppress depolarization?

To decrease τst and simplify the ring geometry:

Separate tunnel of small radius for collisions at just 1 IP?
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EPIC: 3.5 – 7 GeV electrons, 16 – 32 GeV protons
Koop et al., in EIC white paper. 2001

Protons: Siberian Snakes.

Electrons: spin transparent solenoid (6 T) rotator pairs, longitudinal

polarization at 5.25 GeV. Otherwise ±30 degrees.

Pmax ≈ 70%, τst over 5 hours at 5 GeV ==> inject prepolarized from

a booster.

With strong wigglers, Pmax ≈ 90%, τst ≈ 30 minutes at 5 GeV.
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X

S +90

S −90

H +90

H −90

On  design energy

Above design energy

.
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XH +90 H +90

S +90 S +90
..

.

Solenoid spin rotators (from above): best at low energy

Antisymmetric configuration

Symmetric configuration

vol. 17 1985D.P. Barber et al.,  Part. Acc. 
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Proton polarization in EPIC and eRHIC:

How is the polarization of an intense proton beam of the kind discussed

for EPIC and eRHIC affected by combined intrabeam scattering and

electron cooling with IBS times of about 20 minutes?
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Recommendations for obtaining high self polarization

or large lifetime for stored injected polarization

• Include polarization in the design (lattice, rotators, optic, spin matching) from the start — it

should not be an “add on”.

• Pay particular attention to:

– alignment control and beam position monitoring

– −→ deterministic harmonic C.O. spin matching?

– facilities for beam–based monitor calibration.

– careful solenoid compensation −→ locally with anti–solenoids if possible.

• Use spin transfer matrix formalism for spin matching in exotic machines and understand the

physics of the spin–orbit coupling of each section of the ring. Ensure that there are enough

independent quadrupole circuits.

• There is plenty of software available for detailed numerical calculations of linearized spin

motion. The theory for linear orbit motion is well established.

• Very interesting depolarization effects due to beam–beam forces have been seen at HERA and

LEP. For future high luminosity ring–ring colliders it will be very important to have a good

understanding of these effects and to be able to carry out reliable simulations with tracking

codes. This could become a high priority for running in the presence of intense proton beams.
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/cont.

• Pay close attention to polarimetry: backgrounds!! −→ build the machine around the

polarimeter(s)! Fast precise polarimeters are essential for facilitating fast adjustment of the

orbit or tunes. Build the machine around the polarimeter(s) so that bremsstrahlung and

synchrotron radiation backgrounds are avoided

• Don’t try to calibrate polarimeters during beam–beam collisions

and be careful about the effects of kinetic polarization if the ring is not flat.


