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Overview

> Discusses the emittance degradation due to chromatic effects in
measurements deploying quadrupole scans

= Quad scans are widely used after final acceleration

= Increased energy spread (velocity bunching VB, wakefield-based acceleration)

> Analytical investigations on the effects using single quad/doublet

> Analytical calculations compared to numerical ones for representative
SPARC data

> General assumptions:

= Xand Y planes are not coupled, emittance is geometric
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= [hin-lens approximation



Measurement setup

>
>
>
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compression via VB l Q5

measure scanned quads observation screen, YAG:Ce
spot size Q1 or a doublet (Q;1, Q;3)

> When VB — the energy spread o, = V62>, 5 = Ap/p goes to a few percent vs 0.1%

without RF compression

> large o,, atthe entrance of Q1 unless additional solenoid focusing is applied

Galina Asova | Chromatic effects in quad scans | 11/14/2012 | Seite 3



Emittance change in a chromatic single quad line

Quad: k, L,
=K1 -8) for K= kL,

1. Negligible correlations between transverse coordinates and energy
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;_ e1=e§ + K?050% = £2H;: 2 Ae = —g, + \/8(2) + K?0%03
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- g K ~8— i.e. linear dependance on k
0 0

for high-brightness beams the geometric emittance ¢, might be comparable to ¢,

Ag g2
0

= ,i.e. quadratic dependance
0

2. Include correlations  x; = Xq, X7 = Xo +K(1 — §)

e2=e2 4 K202((%0)% ) & Kz(xgd)z B 2K ((xoxh){x28) O (xoxh8)02)  partial compensation of &,
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Eq. 20



Spot size variations — discard o,
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of =0l 5-0 & (KL)202a2, for L — distance from the quad
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as from the scan fit: a = 02(1 + 02), ¢ = 0% + L?0%, + 2L(xx)

— bigger o, and/or ¢ at the quad entrance, more the emittance is affected by

energy spread
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Single quad calculations

. “Ta | | RF comperssion — OFF Eq. 165,85 00> =0
£ p = 148 MeV/c, on crest Eq. 20: &, as o> # 0
B 1 ,,=0571/0.595 mm TSTEP -tracking
E s smuen] | 0, = 0.169 %
E =l “ronea z &y = 4.7€-3/4.8e-3 mm mrad (norm. 1.37/1.4 mm mrad)
" 2 gradie?t{ﬂm} 2 4+ Aec ~ 1% (chromatic term)
RF comperssion — ON, p = 105 MeV/c
Oyy = 1.74/1.79 mm Oyy = 0.34/0.34 mm
c,=1% c,=1%

Exty = 14.8e-3/14.1§e-3 mm mrad (norml. 3.1/3) Exty = 71;529-3/7.2e-3 mm mrad (norm. 1.48/1.48)
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Chromatic effect in a doublet

2 _ o2 2 -4 2 4 2 2 2.2 2 2 2 2 2
&1 = & + Fioy0x + Fy0y0,, + F30y0, » + F40y050, + Fsoyoxo,.» + Fgoyo,0, .0,
Fi(Ky, K3, Li2), Ky = =K, K; = Ki(1 — 6)

. . . . . 2 2
If K, focusing in X (> 0) — smaller chromatic contribution €k, > o= €1k, <o~ —8Kj Li;0.0}

rms emittance (mm mrad)
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Same machine/beam as (b), previous slide

But Agdoublet > AgsingleQuad

> asymmelric effect due to smaller

focusing range
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Momalised emittance (mm mirad)

Normealised emittance (mm mrad)
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Effect of sampling the quadrupole gradient

300 pC, monochromatic beam, case (b)

TABLE V. Virtual emittance measurement (TSTEP simulation) for different quadrupole scans of the
same beam (parameters of Case 2 in Table 1, but with a, = () compared to the expected value &;.

[E - Emf}femf [E - 'Erct'}fer:f

(horizontal plane) (vertical plane)

Single quad ~1.6%/ — 3%" - 1.6%/ — 3%"
Two quads (+, —) =1.9%/ — 4%" +1.98%,/ + 66%"

Two quads (—, +) -1.7%/ — 5%

“The results are obtained with a gradient stept 0.16 T/m,

ainst the step of 0.08 T/m for all the others
scans (300 pC beam).

Horizontal trace space step 0.08 T/m os }:Ic:riz«untal tlral::e space step 0.16 T/m
0.2 777 /T Tecosraatoins ' .__.__..f| _Reconstructed ellipsel_
. ~N g, = 3.1 um | g, = 4.8 um
— o =-9.5 o =-6.1
B=187m g p=121m
] E
2

X (mm)
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Measurements, 200 pC

1. small incoming beam spot c,, = 0.32/0.36 mm, negligible 5, = 0.1 %, no VB

2. Large spot o

x' (mrad)
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Single Two quads Two quads

quad | (= =+ )
£, , (mmmrad) 1607 (0.075) 1.852 (0.083) 244 (0.20) (uncertalnty)
£, , (mmmrad) 141 (0.26) 254 (0.46) 1.77 (0.22)

Eng = 1.1 pm
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single quad

Systematically higher g, in
a doublet scan
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&xy Systematically higher for
a defocusing first quad

second order effects also for
low ¢, and small o,
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ap = 0.02 {0_1{5:115,-,.
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= 1.4 mm, significant ¢, = 0.86 %, VB applied — increased uncertainty

Enz = 12.3 (1.8) pm
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Conclusions

> Analytical evaluation of the chromatic effects on the measured
emittance

> 2-quad scan:

= practical advantages (X and Y simultaneously, avoid looses due to aperture)

= introduces additional errors for beams with high energy spread and large spot size
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1 nC, 25 MeV/c

Sxy,

o, = 0.5 mm

c, = 0.4%

N = 0.73 mm mrad on EMSY1 (g, = 0.015 mm mrad)
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measx — 0-09 mm mrad
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100 pC, 25 MeV/c

Exy, N = 0.19 mm mrad on EMSY1 (g, = 0.004 mm mrad)
o, = 0.18 mm

o, = 0.14%
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AG,~ 3% — €mpeas, x = 0.06 mm mrad
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Spot size variations

1. Negligible correlations b/n energy and transverse coordinates

of = 0l 5ot (KL)?oZ02, for L — distance from the quad

-~
—_—————_——

2. Including correlations

0f = 0l 5-0 + (KL)*(6%xZ) + 2KL(1 — KL){(6x&) + 2K L?(5x¢x()
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