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Abstract

this talk give an overview of the work I've done on spin dynami cs since Elba.
- reminder of previous studies, done with FM  éot.
- Spin dynamics and the ISF.
- Beam and spin dynamics simulations on a simple example.
- Foreseen work.

0T0Z ZT doys>iom yoeied ‘OSd 1 e Apnis uids g-edns ! nesuop "N



slide 2
Contents

1 Reminder of previous presentation 3

2 What's New ?

~
2.1 Theoretical consideration . . . . . . . . .. ... ... . .00 7
2.2 Preliminary results for SuperB lattice . . . . . ... ... ... 7

3 ISF 8
3.1 definition . . . . . e e e e e e e e e e e e e e 8
3.2 Stroboscopicaveraging. . .+ v v h v v h e e e w e e e e e e e e e e e e 9

4 ISF : Convergence , turn number and bining effect 12

5 Conclusion and foreseen work 16

0T0Z ZT doysiom yasifed ‘0sd 1 e Apnis uids g-/edns ! nesuo ‘N

A Yokoya’s fodo ring 23



slide 3

1 Reminder of previous presentation

All the work here will soon be published as an internal LPSC re port,
which contents could also be found in presentation done in An necy and Elba.
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Zgoubi : Step by step tracking. 1

-. 0004

e Zgoubi is a step by step tracking code, tacking as input Sow oo do varvar e
a description of the electromagnetic field of the lattice and PR I RATTR T A e e
some particle coordinates. It's intrinsically non linear.

e \We showed however agood agreement
N (N with MAD8 when we forced Zgoubi to be
| aslinear as possible (hard edge models).
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e Some important problems remain ;. Coupled twiss functions calculation are not im-
plemented, Solenoid model could be improved off-axis, andlebugged on axis’ (I think
there is a divergence hidden somewhere in the magnetic fieldlculation...).

0T0Z ZT dousyiom yse1eD ‘0S4 7 e Apnis uids g-iedns?: nesuop N



Zgoubi : Step by step tracking. 2

e We can, and at some point will, study a lot ofoeam dynamics
e full 6D motion.

e and also :

o o o o

o = N
T

: e
*05*04*03*02*0100102030405

: : : synchrotron radiation
Momentum detuning amplitude detuning ,yB v e i ()
Momentum detuning dox / dx 0. 006k :
0.6 T T frac.Ox — 0.61 T T T T T o ;
0.594 oo R frac.Qy'":'w 0.6 /
20.58 1 h ] 0.59 . 4
& a —
0.57f — i w000 e ]
gﬂ ) ) Ov 57 T e
=} ~-
.56} 3 —
.55}
5
.54t
g
.53t
0.52 0.52 F 4 s
0.5 ‘ ‘ ‘ ™ ‘ ‘ ‘ ‘ ‘ ,é*“ B Pra fra P4 B fua .
“*b.99 0.995 1 1.005 1.01 0515 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 # COORDINATES - STORAGE FILE, 18-May-10 05:39: 38
p/p0 x (cm) M-ma HV: 420 7, G39E+04/ 8. 033E-04, 9, 059~ 04
Part# 1- 5000 (*) ; Lmt# 1718200, 18200 poi

at least because it's absolutely necessary to understandisglynamics.

e An error study has been started by an undergrad students. Preliminary redts have
shown problem to solve (mainly coupled motion and interpoléion of twiss functions

Ecart (m)

W|th|n the elements) and some tool development have beerasied | n this area.

left : difference between interpolateds function and

Zgoubi calculation. Peaks are located close to the o000z ]| \’ ” l’ / .‘ \1
solenoids, we supposed it was due to coupling effect. o

right : closed orbit induced by a small dipole kick. . \‘ '\
Comparison with theory is done. agreement is good ... i ’| ." H it

on the amplitude, but bad in phase.
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Spin dynamics tool developments

e My PhD work is mainly concerning this parts.

e Tools have been done, up to this summer, to study spin dynans®n closed orbits.
Stable spin direction and spin tune were calculated. And a small bending mismatch
was pomted out for LER V12 (the latest version ?).

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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e Off closed orbit, or real full 6D motion, was only foreseen, it simple case needed to
be studied first.
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2
| o 2 What's New ? <
2.1 Theoretical consideration g
e Invariant Spin Field has been studied. This is the full 6D extension of the dbée spin
direction concept. Simulation performed over 2D motion (slowed later). g
)
| | . . g
e Amplitude DependantSpin Tune study has been studied on the paper. No simulation ;,
c
performed. S
3
~
2.2 Preliminary results for SuperB lattice éa
. . i HistoSx2Sy2FctXXP “3
e they show the same mismatch, ISF is ~-ERSEV2rC0E | T ;
not vertical in the arcs. ] RMSX 0006027 3
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3 ISF

3.1 definition

e On closed orbit, one can easily defined a stable spin direction, as after onarh, the
particle is coming back to the same point

e But if the particle performs an orbital motion, it does not come backo the same
phase space point.

e Invariant Spin Field is a phase space spin distribution suchthat if a particle has

its spin aligned wrt. this field at some phase space point, at one turn around the

ring, even if the particle is at a different phase space pointits spin does remain aligned
wrt. the ISF.

¢ |ISF could also be understood as &cal spin precession axis
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e few words about ADST : its only the amplitude dependant precssion rate, as spin
tune was the precession rate on closed orbit.
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3.2 Stroboscopic averaging

e method developped by Heinemann and Hoffstaetter

® tO get invariant Spin f|e|d from tl‘aCking data (see e.g. Georg Heinz HOFFSTAETTER, Springer tracts in moder

physics vol. 218 ; High energy polarized proton beams, a modeview.) .

the average of spin components, over a small enough phase space area,
and over a large enough number of turns, is the local precession axis of the
particles spin.

The number of particleturn needed for convergence of this averaging process oversaall enough
phase space area and karge enough number of turn has to be studied at least numerically.
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histogram averaging over each bin :

|Spin X components, horizontal phase space

)

|Spin Y components, horizontal phase space
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4 |SF : Convergence, turn number and bining effect

To develop tools, one need to fully understand the lattice osl choose a simple fodo lattice :
e This lattice (flat 128 fodo cells ring) is proposed and studie by Yokoya in KEK report 92-6.
e Non-spin dynamics simulation (in backup) are strongly needd as spin is strongly coupled to orbital motion.

e If we inject vertical spins, they remain vertical. It's exadly what we expected, but this does not help to prove convergee.

|Spin X components, horizontal phase space I |Spin Y components, horizontal phase space I

e To study the convergences, different number of turn and sizef bin have been simulated... with spin non-vertical.
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Turn Number study

These simulation has been done for 861 particles inorizontal phase space Particles are disposed on a grid with an X step

of 0.01 cm and an X' step of 0.0001 mrad. Their spin is of modulsi 1, with an Sy = 0.1. Histogram 70x70.
over 100 turns. over 1000 turns.
ocart a la verticale Sq(SESy)/S N
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Around 1000 particle.turns per bin are needed for convergene.
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Bin number study

These simulation has been done for 2500 turn and 861 partictan horizontal phase space Particles are disposed on a grid

with an X step of 0.01 cm and an X’ step of 0.0001 mrad. Their spiis of modulus 1, withSx = 0.1.
hlstogram 40x40. histogram 55x55.

ecart a la verticale sqri(Sx?+Sy?)/S

ecart a la verticale sqr(Sx+Sy)/S
4

histogram 70x70. histogram 80x80.

ecart a la verticale sqrt(Sxe+Sy3)/S

— m
ll‘" I i .
d u‘mi |!l.'”!|"’ I!‘!‘I.us.-u;llu |!II I

ecart a la verticale sqri(Sxe+Sy)lS

Again, around 1000 particle.turns per bin are needed for comergence.
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Vertical and longitudinal motion

Longitudinal motion : Vertical motion :
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Preliminary results !

| Can’t deeply analyse and explain this two plots right now.

Simply, they show that when particle perform an orbital motion, even in
a |c|)erfect ring, the precession axis could be slightly tiltedrom the verti-
ca

Explaination come from the non vertical field encountered bythe particles. And this is exactly why the beam dynamics has
to be well understood.
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5 Conclusion and foreseen work

Short term. I'm on it...

e Computing time is becoming an issueParallel calculation has to be added.

e Improving the main data output could also help a lot (skip useless data, write a bi-
nary file?).

e Stroboscopic averaging method is implemented, but tool is &l suited for 2D analysis
only. Tool will be upgrade to full 6D motion analysis.

e ADST (spin tune) has to be simulated. Fourier analysis should wdx:
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e 6D motion is now working. Need to feed Zgoubi with some numbexfor the Super-B
LER V12 cauvities.
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Middle term.

e As soon as convergence is proved for a full 6D motion, detade6D Compton IP ISF
could be provided.

(Warning : it's not the bunch polarization, but it could help to understand what happen to spin there)

e ExpectedPolarization has to be computedrom ’all ring ISF'.

e Continue to study error effect.

e try to study more 'non-spin’ beam dynamics and correlation with spin dynamics.

0T0Z ZT doysiom yasifed ‘0sd 1 e Apnis uids g-/edns ! nesuo ‘N



slide 15

Long term.

e Acceleration cavity & SR loss do work. After cross-check andverification on SR
simulation, spin diffusion could be simulated if we manage wh computing time.

e Implement Sokolov-Ternov effect.

e Add a beam-beam element (weak-strong or strong-strong by agplig Zgoubi with
GP++)

Remark : the DESY workshop on spin simulation tool pointed ou an interest in coupling codes (e.g. coupling Zgoubi with
GP++).
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N. Monseu ; Super-B spin study at L PSC, Caltech workshop 12 2010

Thank you for your attention
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N. Monseu ; Super-B spin study at L PSC, Caltech workshop 12 2010

BACK UP
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Spin tracking

no(d) , evolution of 'spin closed orbit’ with momentum

Spin ny components in RF section in function of momentum

T T T T Spin n, components at interaction point in function of momentum
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e We still have the same few problem as for V11.

e 77 IS not longitudinal at IP

e 7y is not (0,0,1), i.e. vertical, in the arcs of the ring. With% = +1.252% it’'s ok.

e reminder : 77, is extracted from matching (FIT’) process, this works only on closed orbit
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N. Monseu ; Super-B spin study at L PSC, Caltech workshop 12 2010
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Spin components along particle path

Spin along elements

600 800 1000 1200 1400
path of particle in m

400

200

single-turn tracking for 1 particle, spin aligned on 775, on momentum.
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Beam dynamics results A Yokoya's fodo ring

Lattice hypotheses

This lattice is described in KEK report 92-6. The Ring is madeof 128 FODO cells.

cell is made of a focusing quad ( 1m;-0.18243216/m, a defocusing quad
(Im, —0.16763610/m) and two rectangular bending magnets (6m,
27 /256) in between. Magnets are separated by drift spaces of length

e 0.5m. So the total cell length is 16m.
1m 0.5m 6m 0.5m 1mO0.5m 6m 0.5m
- 16m i

Twiss functions over the first cell of the ring

S function « function

Remark : from this two figures one can see that number of points is not eafugh if one want to integrate S function,
because zgoubi transport twiss function only at the end of edn elements, and nowithin the elements. Some comments have
to be done : without coupling between plane, interpolations feasible to get more points, or we could split elements. |fne
study a lattice with coupling, a better method has to be implenented. This problem occures for SuperB, and has been spotte
by Yann Dutheil during his stay with us from may to july 2010.
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Closed orbits

RGP v (rad)vs. Y (M
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Closed orbits for 21 different energies, in the horizontal
phase space. This graph shows particles coordinates Zoom on one orbits, 200 turns.
from tracking over 200 turns, for each energy.

Remark :ltis clear from these plots (especialy the zoom on one smalllipse) that the process converges up to the fifth
decimal, i.e. fewum and few prad, which is far enough for our purpose here, and could be easilpe change if one need
more precision. In the case of SuperB, this is hundred time tb beam size at the IP, and about a tenth of the maximum stable
amplitude on momentum.
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momentum compaction

particles path in function of momentum
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‘ particle path Iéngth +
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particles path length, in function of momentum

Yo A2 26.1281368133, as expected in an electron ring, with 20 GeV electron, we arfar beyond transition energy.
Longitudinal motion

The two cavities are symmetrically located between splitek quads. the ring is so divided

- in two equivalent halfs made of 64 fodo cells and a cavity. RF gak voltage is 75 MV.

T o L 2 Yokoya gives indicates relative energy spreadst = 1.113E — 3) and synchrotron tune Whereg
tour S ( )

(vs = 0.06365) at the energy 20.27 GeV.
= 1.46380280461FE — 05
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Lgynen. IS path length of the synchronous particleys = Se its velocity. 4th harmonic has been choosen for our two
cavities, so frequency isf.,, = 585521.12184223789s ! for both cavities



RF phase vs. momentum

0.004 . ; : : . slide 26
e relative momentum]‘i—fg in percent
o RF "Phase’ (fuu — nturm * Lognen) iN 1 o
e with ¢.,, being the arrival time of each particles ol
in the cavity, n;,, the turn number of the in-

coming particle and t,,,,.;. the one turn time of | .|
the (virtual) synchronous particle)
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phase space over a 3000 turn tracking.

Longitudinal motion

relative momentum vs. path length over few turns. over 3000 turns.
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Momentum detuning

Momentum detuning
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Amplitude detuning

add a picture here asap. this is really important to study ths part, as spin resonances 'take into account’
orbital motion.
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