Chromatic effects in quadrupole|*#:

SCans

Emittance degradation after a scanning quadrupole

A. Mostacci et al., “Chromatic effects in quadrupole scan emittance measurements”, PRST-AB 15, 082802
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» Theoretical overview
» Spot size variation

»  Chromaticity induced emittance
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Quad: k, L, f~' = K(1 — 8) for K = kL,

) :A%,csY = \/@ known in advance

1. Include correlations between transverse coordinates and energy x4 = X4
X7 = Xy +K(1 - 6)

31—30 @ K?o0% ((X05)2 ) @ K2<X55)2 @ ZK((XOXE))(X%S) @ (X0X65)0>2<)

partial compensation of
the chromatic term ¢,

07 =07 5 +(KL)' (87X} ) + 2KAA(1~KE)8x3 ) + 2KE(Bx x5

2. Negligible correlations

ei=eg 4 K?oj05 = ef+c;
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Setup at PITZ
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Which screen to be used?

Case 1:1nC, ggysyq = 0.7 mm mrad, o, gysy¢= 0.65 mm
p =24.96 MeV, c,= 0.4 %

(Imain for smallest emittance on EMSY1, o;,= 0.37 mm)
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Photo Injector
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t Facility
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L=1.6284 m L=2.1614 m L=5.5194 m

max {ch?fO_GGy:O} = 13 Hm* max {ch?go_ GG’Y=0} = 16 },lm* max {Go-y;éo_GGY:O} = 37 Mm*

> The beam size with chromaticity taken into account is always bigger.

> Such differences are hard to resolve and do not include any correlations.

* Calculated over the full gradient scanning range [-7, 7] T/m
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Impact of non-zero correlations

0.256+

c #0(5)0{) 0

———c iU(SXX}#U 5
0.254 :

02521 ...

a, [mm]

0255 >,

-
h -
T e -

from ASTRA* 1.5 um

.......... H|gh1SCr4 LITES T

0.34

ngh1Scr5 _

0.3381

———cs :0{8}0{}:0.;

03321~

-
. : e
T -

A =3 um*

from ASTRA* 1.7 um

Such differences are hard to resolve, but they:

> can contribute to systematic uncertainty
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> one needs to keep correlations as small as possible (a hint how to focus at the entrance
of the quad)
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* Calculated over the full gradient scanning range [-7, 9]altn/a

*

ASTRA tracking of monoc



If the energy spread increases

= 0.9% (220 keV) — Booster off-crest phase

Oy EMSY1 = 0.54 mm
Imain for smallest emittance on EMSY 1

&y emsy1 — 0.7 mm mrad
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A =7 pum*
The spot size, incl. correlations, is further underestimated — the fit parameters

smaller than the real — the emittance would be underestimated
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Systematic uncertainty — dependence on drift length
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The emittance calculated from the fit: €fcas = €5ctual + vy

=Ag = f(c,, Oy, Oy» Oxx)

as from the fit: a = 0%(1 + 02),c = 0% + L?0%, + 2L(xx') « depending directly on
the parameters in front of the quadrupole

&,y ON screen @ 8.387 m s, |y On screen @ 12.278 m
06844 .................. ...................... s c 0.6844 '
: : ___IEXN,U =0 1.5 @
: : : T a
0.6842L . ...................... .............. "'""""""";'E}(N,' o e 0.6842 E 145 S PARC
High1Scr4 | E
= 5 5 5 5 S -
E 0684L ....................... ...................... ................. E 0.684 1 E """""""""""""""
£ : 5 : £ 5 135
£ : : : E g o TSTEP simulation
B 08838 T = 0.6838; E 3y ~omea 20
¥ : : =
: : 2 2 0 2 4
068361 e . P s 0.6836 gradient (T/m)
0.6834 i 5 5 Th Il with
0.6834 : : : 5 0 5 e curves agree well wit
grad [T/m]
grad [T/m] the SPARC data, but not the

Ag ~0.001 mm mrad Ag ~ 0.0003 mm mrad scales.
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Case 2: =0.21 mm
Gi = Gi,z;:o + (KL)2 G Oy, EMSY1

& emsy1 — 0.87 mm mrad
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A=24pum*, A=0.5um* A =3 um*, A=0.5um* A=7pum*, A=04 um*

Ae = 3e-6 mm mrad* Ae = 2.2e-5 mm mrad* Age = 1.2e-5 mm mrad*

> Smaller A than for bigger spot sizes.

> The impact on the uncertainty is small, but the focusing should provide small

correlations.
i C ic eff i 104/ Sei
* Calculated over the full gradient scanning range [_7, 9fL|:7amAsova | Chromatic effects in quad scans @ PITZ | 11/04/2013 | Seite 8



Quadrupole focusing including correlations

> Use High1Q1/2 to focus the beam at the entrance of the quadrupole (Case 1)
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* Calculated over the full gradient scanning range [-7, 9]altn/am | ! @ | |

= Only one plane possible since small 5, and o, are needed together

hard since with the scan o, might be bigger than the screen

= Calculated gradients of High1Q1/2, then ASTRA tracking
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Quadrupole focusing including correlations

> Use High1Q1/2 to focus the beam at the entrance of the quadrupole (Case 1)

= Only one plane possible since small 5, and o, are needed together

« hard since with the scan

o, might be bigger than the screen

= Calculated gradients of High1Q1/2, then ASTRA tracking
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* Calculated over the full gradient scanning range [-7,ﬁ7j
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Focusing is important: keep
correlations small.
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Quadrupole focusing disregarding correlations

> Use High1Q1/2 to focus the beam at the entrance of the quadrupole (Case 1)

= Gradients of High1Q1/2: beam at the quad is converging in both planes

= ASTRA tracking
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Big spot at the entrance of the quad

Photo Injector
Test Facility

Case 3: EMSY1: € =0.82 mm mrad
oy, y = 0.8 mm, in front of High1Q3 — 1.1 mm

Focusing as in the previous slide: control 6, 6, oy,

08L N .............. ......... ﬁm?-.s?.;.ﬁ ................. : : : __.-_gy=0 :
: Gy:tU(EJXX') 0:

: : _ Gy:xt[](@)(}(r): :
............................ ———G}rin(éiu 0.8l ) ———6}{;&0(6)@(’} 0

0.7

06E o N .............. ............... ........................... 0.7+

a, [mm]

05 N S S A : E 06p N e S e SN :
: : : : o] :

Ol N\ .............. ............... ............................

D3 h ............. ............. .............................

0.2

0.2225 s o TR pe T e

S : :
ECFT =05 = 0

A — 05 Mm* 0222_ ............ ............. ..........................

———Eoya: 0 (éxx') = 0

02215} -

A =0.01 um*

[mm]

= 0.221

[

Ag = 7e-7 mm mrad* 0.2205

0.22

Galina A Seite 12




Final remarks

> The increase in emittance after the quadrupole is negligible for
= small beam size at the entrance of the quad
= small energy spread
= small correlations

= is not really affected by the position of the observation screen

> For big spot sizes it is not sufficient to focus only
= the focusing should include the covariance (more like matching)
= two upstream quads needed

= possible mostly for one plane

> Systematics can be known in advance
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