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TME cell
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The balance between radiation damping and quantum excitation resulkeiequilibriumbetatron emittance Usin
a theoretical minimunemittance TME cell, lovemittancevalues can be achieved. The horizomtalittanceof the
beamcan be generally expressed as:
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Longitudinally variable bends

Approachingthe evolution of the uniform R A LJ2disi@&ei@n invariant assistsin approachingits emittance
behaviourin order to reduceit. Theevolutionof the dispersioninvariantalongthe dipole guidesthe dipole profile
choicefor the emittancereduction
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Considering only the half dipole for
simplicity (from O till L/2) as the other

Is symmetric and then dividing the
dipole into two parts of different length Ly with bending radius py(s), 0 < s < L

bending radii can be expressed &s:
g P as\leng;th Lo with bending radius po(s), Ly < s < Ly + Ly =1L/2
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Dipole profiles
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Bending radii raticp = PL Lengths ratic)\ = L—l (p<laspy>prand X\ >0as Ly, Ly > 0)
P2 2
Emittancereduction factor
ET}L{Euni ; ~ A . . . . -
Frue = ﬁ Frue y If the R A LJXlha@atisticare not fixed Frveisafunctionofr andl .
Fixing the R A LJ2 ¢h&dRtéristicsin accordanceto the RS & A

Frme dependsonly on r and |

as the bending radii of the
uniform and of the chosen\

profile are the same(aswell as

constraintsleadsto the dependenceof Frmeeitheronr or | . In this
waythe highestFrmevaluefor a specificdesigncanbe found.
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Bending angle of the S\irimum bending radiusr 1
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thelr : !ength) and thus are — dipoleq length L | (maximum magnetidield 1.77T)
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lp1], 0 < s < Ly p1, 0 <s <Ly
p(s) = p(s) =
p2, L1 <5< Li+ Lo p2(s) = p1 + (L1 —s)(p1 — p2)/La, L1 <s < Li+Ls



Trapezwmppodiie
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The parameterization of themittancereduction factorrfmewith the bending radii ratio, and thelengths ratid. . ,
alwaysiforl >0.1so that the/lengths . L, are comparable.
The black contour lines-correspond tofdifferent values of horizantal phase advances:(for the uniform:dipglg, jH284 :5).

TME

F.
145,

: : 12

The trapezium proflle/
gives the highest Lol

emittancereduction

trapezium
step with negative bend

The maximum possiblemittance 6
reduction for the step with negative

bend is insignificant compared to the 4
one achieved for the step profile.
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Comparison of nomniform dipole profiles whed A EA y 3
characteristicgbending angle, length and minimum bending rag

L(A+p) Frve(r

sp | AN wh | ( OFY ()||::> Frve(r )t Fore( )

trapezium T ,_ LA1+p) +plogp)

pr—1+p)(1+A)

The reduction factor Fppy g as a funetion of p (left) and as a funetion of A (right)
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Analytical parameterization of a variable bend TME cell
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numerical resultgor the CLIC DRittice design:

A Thequadrupole® f $sy5é iolf= 0.2m

A Themaximum dipoldield is set to 1.77 T (minimubendingradius = 5.4m)

A The maximunpole tipfield of the quadrupolesand thesextupoleds Bmaxc= 1.1Tand Bmaxs=0.8T
respectively

A Therequiredoutput normalizedemittancefor N, = 100dipoles is 500nm and theperational energy of

the CLIC Damping Rings complex of 8%
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Fixingthoseparametersthe free parametersleft arethe drift spacelength551 3 andthe emittance

Thestability criterionis governingeveryresultand
isincludedin the feasibilityconstraints
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Dipoleprofiles _ )
(L=0.58 mB...=1.77 T, N=10p FrMEmax (CLIC design) | (Frvemay (CLIC design)
: max * !

Step 2.96 0.27

Trapezium 5.32 0.1

Referencel. Antoniouand Y. Papaphilippo®?RSTABL7, 064002 , 23 June 2014



Parameterization of the

quadrupole®ocF 2 O £

lengths with thedrift £ o8

space/lengths ¢w 0.6
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Parameterization ofthe
det. factor and-of the
momentumcompaction

factor with the horizontal 2 0.6

and vertical phase &,
advances. <70.4
0.2

Parameterization of the
horizontal and vertical
chromaticitieswith the
horizontal and vertical

o
phase-advances. 3
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New DRdesign

T

FODO cell

Optimizationof: :
A  thearc TMEceT1$<
A |the wiggler FOD@el

A |the dispersion suppression
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_ _ . When matchinghe lattice |
Replacing the current TME cell with the one . functions between the arcs and the
having a variable bend, while keeping the rest i straightsections, theopticall
of the ring UnChanged, giveS amittance : funct|onsget exceed|ng|)h|gh
reduction €eF ) as expected. However, the values. So after the optimization of
resultedchromaticitiesare high and the mom. ' the arc TME cell, an optimization Of
compaction factor is very small. : the disp. suppressor may also be i
Reoptimizatiorof the arc TME cell is needed ' needed. The current drift space ;
(number of dipoledN,= RA LI f SaqQ |t Sy 3 Uf_KS)[fiu R AN |T3y]R Y I 3 y G
space lengthsy, 2, 83). ' should be reconsidered.




Conclusions and next steps

The highestemittance reduction is given by the trapezium profile, concurrentlyit provides
feasiblelow chromaticitysolutionsfor low detuningfactors.

The agreementwith the simulation code MADX validatesthe analytical solutionsfor both
profiles,speciallyfor the thin lensapproximation

Studieson the fringe fields of the individual parts of the non-uniform dipoleswill provide a
better understandingof their behaviour

Afurther improvement of the finaémittancevalues can be achieved when taking into
consideration the collective effects, such as thi#abeamscattering IB&at in the regime of
ultralow emittanceswith high bunch charge has a significant impact ondhmettancelimits.
A Thealternative design ofthe ICLIC DRE be based oriTMEcells with longitudinally variable
bends andn a highfield wiggler
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Paper in preparation: “Emittance reduction with variable bending magnet strengths:
Analytical optics considerations”
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Dispersion invariant (1,2 for the individual dipole parts)
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Beta and dispersion
functions for the TME




