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ROSE: ROtating System for 4d transverse
rms-Emittance measurements FAR I==1I

Outline
* 4d rms emittance and eigen-emittances
* Motivation
* ROSE principle
* Error mitigation
* Results and error analysis

« Summary and outlook
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Eigen-Emittances

FAR == II

* linear (4d), Hamiltonian beam line elements preserve :

[« z2> <22'> <1y > éscy’:'-
; . <zr> <71 > <zy> <2y >

 4d rms emittance Ei, = det

<yr> <yr'> <yy> <yy >

<yr> <yr > <yy> <yy >

£1 = é\/ —tr[(CJ)2] + \/tr2[(CJ)2] — 16det(C)
« the two eigen-emittances Esg=€&1" &

1 2 .2 2
oy = E\/ _tr[(CT)2] — /G2 [(CT)?] — 16det(C)

[ <z > <z2' > < Ty > {:cy’>- [0 1 0 0
<rr> <z'r’'> <2ly> <2y > —-10 00

C= Y Y J =
<yr> <yr' > <yy> <yy > 0001
[ <yzr> <y’ > <yy> <yy > 10 0 —10]
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FAR == II

Eigen-Emittances

<rr> <z > 0 0

. . . . . _f‘ : }‘] 0 0
if, and only if there is no xey correlation, i.e. = [~7*7 ="~

0 0 <yy> <yy >

0 0 <yy> <y'y >

rms emittances eigen-emittances

if there is any coupling

rms emittances # eigen-emittances

EJ":_H . J_ :::_ {:I

coupling parameter t = —
= |'_':E

term ,eigen-emittance” is quite unknown, since generally beams are considered as uncoupled

measured moments are just reliable, if they deliver reasonable eigen-emittances !
9/29/2017
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Motivation for 4d Diagnostics:
ECR Source Performance Evaluation

FAR == II

4d distribution behind ECR source

FOT[ENTRIES T T T T 4007 5:_' oo ]
100 | VA 25t - * Emsx = 123 mm mrad
/ [ B iemg | 7 FmoTlEmMME
_1UD-M oo 0235554mmmrad- oy ] ° E1 =17 mm mrad
e i 5 [ oo = Q.0274358 | ] « E, =231 mm mrad
0 5 5 0 5
x [em] ik x [em]
""" «  g4=E; E,=3927 (mm mrad)?
100 - . ] 100 _ ] * s Emsy = 19375 (mm mrad)?
i v #} ] § i "!u"*{‘?ﬂ i ] o 8 , ) 8 ’ = 3 9 8
0 ; ’:.,,%: E o ' 3.;«? 9 rms,x rms,y . 4d
S i 1 = A 1
-100 |- L ] 100 F f’ ]
:-“-eemmu;y =-0.47057, . ., gmsn0pe = Q.118718 . .
5 0 5 —— -5 0 5 .
feml e v feml . to quantify the source performance, knowledge
' ' | ' of € x aNd €, is not sufficient
100 | _ 5 _ 100:— ]
°F i FrRg, E o / « knowledge of E, and E, is required
oo _ | :""r; _ 100 I_Iircm,{:,! ;0 28{?1603 mm rnrad
e ST s L A « the correlation moments <xy>... etc are needed
X' [mrad] y [cm]

« they give accessto E, and E,
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Motivation:
Envelopes along Solenoid Channel

FAR == II

P . 2 sC o] g2 7]
initial beam: C = SC =

-KSC * -KS* CS

_ 5 2 s
SC ® ¢ "

KS§* —-SC —-KSC C*]

[12.00 —3.00 0.00 0.00

c.=|—3.00 1.50 0.00 0.00
! 0.00 0.00 2.00 1.00

| 0.00 0.00 1.00 2.50

J."“'ISDI ==
uncorrelated

[12.00 —-3.00 1 -15

_|=3.00 150 -05 -0.35
C= 100 —050 2.00 100]‘3""6"ateOI
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final beam:
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Emittance Measurements:

Pepper Pot (Praxis) FAR K= =1

» to our knowledge, pepper pots do not work for ions with
energies beyond = 150 keV/u

» size of the beamlet image is dominated by screen resolution
» resolution limited by re-fluorescence
» excessive material research without success so far

* beamlet angles are always over-estimated

» GSl's energies are in MeV/u range

screen image size

» pepper pots measure just few percent of the beam, as the
mask dumps the main part

It seems that ion beam community misses a reliable
tool for complete 4d transverse diagnostics

ies L. Groening / GSI Darmstadt, 4d Phase Space Measurements 91292017 7



ROSE: Concept
ROtating System for Emittance Measurements

FAR == II

movable grid

movable slit ph B _ g—
I > A grid drive -
— ; ¥ | : T

 slit & grid being mounted inside a rotatable chamber
« rotation gives access to <xy>, <xy>, <x‘y>, <x'y>
» chamber is fixed during measurement

« chamber does not rotate during measurement
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Concept FAR E=s1I

beam mm—p ‘ I
position i doublet position f

[

reconstruction slit

* beam moments to be determined at ,reconstruction point"
« reconstruction point® and ROSE are separated by adjustable non-coupling element

» slit & grid of ROSE can be rotated simultaneously
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Concept

FAR == II

beam mm—p ‘ I
position i doublet position f

[

reconstruction slit

four measurements are needed to determine the correlated moments:

1. at 0° with setting Q12, Q22
2. at 0 with setting Q12, Q22
3. at 90° with setting Q12, Q22

4. at 0 with setting Q1°, Q2P

doublet settings a & b deliver different envelopes
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10



Algorithm FAR E=II

beam mm—p

V)

position i doublet position f
b U
reconstruction slit

« beam transport to ROSE
x @b [?n?ib -m‘féb 0 0 :e,‘|

-

ab ___ab
x my; Moy 0 0 x
Y

0 0 . CI'.._b a.b
yly [ 0 0 miy mi’.] W,

-

« rotation of ROSE by 6 is equivalent to rotation of beam by -6

o cosf 0 sinf 0 z1*?
T’ B 0 cosd 0 sinf| |2’
Y T | —sind 0 cosf 0 Y

Lg’ ) 0 —sinff 0 cosf] |y f
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Algorithm FAR E=II

beam mmm—p
position i doublet position f
¢ ¢
reconstruction slit

» solving all equations finally gives an over-determined system of equations

T'i1 T2 Tia T Ay
[y Tap Tag T'oy (-.vy)?‘| Ao
Iyp Taz I3z T'ayg
Tyr Tyz Tz Ty
I's1 I'se I'sa I'sq
LFSI Tg2 Tez Tsa

« [-matrix includes quad strengths Q12:b and Q22°
« A-vector includes individual measurements of <xx>2b.8 <xx'>ab8 gnd <x‘x'>ab?
« <...> are the correlated beam moments to be determined

* final solution is

9/29/2017




Measurement Error Mitigation

FAR E=II

individually measured <xx>ab8 <xx'>ab8 gnd <x‘x'>2b.8 inhabit measurement errors
errors will enter into the final result for <...>,
final errors are minimized if condition number K of the matrix " is minimized

[ &

n .k‘ ﬂi
33 ()2 ||r-*||2:=.\322(r:j>2 k(L) == [|T||,||T7,
1

i=1j=1 i=1 j=

K quantifies linear dependency of the matrix rows
low linear dependency - low K — errors contrubute few to final result

examples:

0
-1
0
0

oNno o
R oo o
\
=
I
(&)

5
0
0
| 0

1 3 5 7

21 59 102 141| . - .
055 149 255 345| 2K =1.2x10

[0.11 0.28 0.51 0.69
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Measurement Error Mitigation

FAR == II

do initial emittance measurements at 0° and 90°, i.e. in
ver. and hor. plane

backtransform to quad doublet entrance beam |
vary in brute force way two quad strengths Q1, Q2 and U
check for (analytically!) : positionj __ doublet position f
* 100% transmission
* reasonable beam size at slit @ @
* reasonable beam size at grid reconstruction Slit

0

store settings Q1, Q2 that passed this test | | setﬁ;?g o Q1=13.2 T/m, Q2=-12.6 Thn
\s‘h i Seiﬁng b: Q1'29.4 T/m, Q2':‘10.2 T/m
= Iy ﬂ i
|

build all possible pairs of settings, check their K

pick pair with lowest K for measurements: é 10k . MEE’E‘EUS .
g | R
K i,
1. slitat 0° with setting Q12, Q22 .| HE”EYEEHE " |
2. slitat® with setting Q12, Q22 | Condition number=13.2 i
3. slit at 90° with setting Q12, Q22
4. slitat® with setting Q1°, Q2° = | B 50

Q1 [T/m]
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Measurements

FAR == II

« measurements at exit of GSl‘s HLI

e 1.4 MeV/u
« |low current of 83Kr13+

» skew triplet to create x>y correlations

e full transmission

Y
IH-Cavity || ECR ﬁf
1.4 MeViu o
N Y o
- G0 - - SR p———— \, & "’
¥ RFQ é Y
i . 300 keV/u “.{"b e
s~ - W - S M~ S+ T e
] \
b
R
AN
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Results and Error Analysis

FAR == II

<rr> <xx'> <ry> <:€y’>- 857 —4.34 —328 —-1.10

<r'r> <z2r'> <z2ly> <2y > —434 335 —-0.74 1.52 .

curs <y <w> <w>| | |—328 —0.74 1120 —3.05| "M M
| <yr> <yr’'> <yy> <yy >] —1.10 1.52 —-3.056 1.87

each measured moment entering into the evaluation was varied randomly following a
Gaussian distribution centered around its measured value (3*rms = 10%)

many sets of errors were used

error bars for initial correlated moments were obtained

0 4: mean=-3.2757 mean=-1.1012 mean=-0.7390 mean=1.5229 E

- " sigma=0.3875 sigma=0.1281 sigma=0.2391 sigma=0.0712 :
o ' :
S 0.3 El
= ot
£ 02 G
o] £
= 5
@ 0.1 ¢
o - £ ¢
i &

0.0; L

1.5 1.0 05 DO D5 00 05 1.0 1.5 20

<xy> [mm?] <xy"> [mm mrad] <x'y> [mm mrad] <x'y*> [mrad’]
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relative frequency

4d Emittance Measurements:

FAR == II

Eigen-Emittances
<rr> <xx'> <zry> <5fy’>- 857 —4.34 —328 —1.10
<r'r> <z'r'> <2r'y> <2y > —4.34 3.35 —-0.74 1.52 .
= ; in mm, mrad
<yr> <yr' > <yy> <yy > —3.28 —-0.74 11.20 -3.05
<yr> <yr'> <yy> <yy > —1.10 1.52 —-3.05 1.87
04| MEEN=-3.2757 | mean=-1.1012 mean=-0.7390 mean=1.5229
* _sigma={l.38?5 | sigma=0.1281 sigma=0.2391 sigma=0.0712
0.3
0.z
0.1 ’éf %
U.U [+ + —-ﬂ':.!.r's£ ke
- -10 -05 00 -20 -15 -1.0 05 DO 05 00 05 1.0 1.5 20
<xy'> [mm mrad] <x'y> [mm mrad] <xy"> [mrad’]
. I I L] l'l L] I I I L I I I
0.09 | .
g L

g‘ - | E, = 2.4(2) mm mrad
(1 L E, = 2.0(2) mm mrad rE
g 08 t=———-1=12(2)
@O [l
= I~ 1_ .2
Qo003 -
T i
@ ritFiH

Bl — i caniallILLILE t, T

00 05 10 15 20 25 3.0 35 40 45 50 55 6.0
eigen-emittances [mm mrad]
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4d Emittance Measurements:

FAR == II

Check Reliability
U at skew triplet entrance:
skew triplet doublet position f . . . . . . .

)

slit

x' [mrad]
[=]
T
|

¥' [mrad]
=
T

measurements were done for two - =

different skew triplet settings -1 o1 skew-setting 1 5o
x [mm] skew-setting 2 5 [mm]
both measurements were back- ] | -
transformed to entrance of skew triplet T 1 = O
E o . E of

back-transformations delivered very = 17

similar results I T
-4 -2 0 2 4 —4 -2 o 2

the two measurements are consistent

ROSE seems to be reliable

y' [mrad]
L=
T
|

x' [mrad]
(=]
T

L. Groening / GSI Darmstadt, 4d Phase Space Measurements 9/29/2017



Summary and Outlook

FAR E=II

a new reliable device for full 4d transverse beam moments matrix measurements has been
designed, built, and tested

to our knowledge, it is the only reliable device working at ion energies beyond about 150 keV/u

it was tested at the HLI of GSI at 1.4 MeV/u with 86Kr13+

device has a patent ,Deutsche Patentanmeldung Nr. 102015118017.0 eingereicht am 22.10.2015 beim
Deutschen Patent- und Markenamt Titel der Patentanmeldung: Drehmodul fiir eine Beschleunigeranlage”

it will be installed:
» behind the ECR test stand for source diagnostics
* in the transfer channel to the synchrotron to detect/remove beam correlations

Literature:
 Phys Rev. Accel. & Beams 19, 072802 (2016)
* Nucl. Instrum. & Meth. A 820 14, (2016)
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rms - Emittance FAR =1

rms-emittances defined through beam's second moments :

2 _ [, 7\ 2
« &, b; : two coordinates of particle i El = {xx){(x'x") — (x x)
* <ab>: mean of product a,b,
+ C is moment matrix (symmetric) <rr> <711 >
Cr = , E2 = detC;
A e O e
<yy> <uyy > .
Cy = ! E-; = det Cy
<Yy> <yy >
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Transport of Moments

FAR == II

linear transport from point_1 - point_2 through matrices:

xr 4 nmip My2
— *“[1‘ ;‘[I - g det .‘\[1- = 1

T T Moy Ma2
2 1

beam moments transport by matrix equation:
Cza = M, Cy MY

analogue iny

L. Groening / GSI Darmstadt, 4d Phase Space Measurements 9/29/2017

22



4d Linear Beam Dynamics

E2, = det

transport of moments from 1 - 2 as usual :

A myy
i M
Uy may
Yy’ m

¥l1; 41

< Il =
<7'r >
< yr >

<yr >

mia
Maa
IRY]

myo

< rr' >
< 7'y >
<yr' >

<y'z' >

mia
Mas
33

M43

<ry > <zy >

<r'y> <z'y >

<yy > <uyy >

<vVy> <vy >

Mg r

Moy p
, detM =1

msq y

/

Mgy y

Cy, = MCy MT

.“[ —
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FAR == II

if x & v planes are not coupled

0
0

<xr > <xr > 0 0

<z'r > <2y > 0 0

0 <yy> <yy >

0 <yy> <y > |

= (Ex- Ey)z

transport of moments from 1 - 2 as usual :

my, Mya

Mgy Mg
0 0
0 0

0 0
0 0

M3y Mgy

mMy3 MMyq

C, = MC, M*

9/29/2017

, det M = det M, -

detM, =1-1=1
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rms- vs Eigen-Emittances: Example

" TIENTRES " 7 4997 ]
100 |
o i
© L
g Or
_x :
-100 -
r liysermg{mx = 0.285554 mm mrad |
F erms100,x _ £1.55738 m
[ Ogmenonx = -5 98577 | |
-5 0 5
X [cm]
100 F
i<} i
© i
g O0p
u>‘ E
-100 |-
i‘aﬁm<nnnuy‘.='p-1|70‘57‘ P
-5 0 5
X [cm]
T T T
100 -
=) s
D - .
E B
o 5
-100 -
" Cemsiony = -0-9241852 |, , |

-100 0 100

y [em]

-2.5

.fcalc/parmi/hii.par.out
slice=1
5=0.01cm

100

X' [mrad]

PBlarer05=0.00231684
(BY) &4 0.0198094 vm®
twist = 3.17466

100

y' [mrad]

5L

-100

-100 |

st = 90274358 | ]
-5 0 5
X [cm]

L Cnstonge = Q118718 |
0 5
y [cm]

L4
3

[ ﬁWermJ =0.289603 mm mrad

00
F Bormetony = 2154881 m

Ogmernny = 604447 . |
-5 0 5
y [cm]
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FAR E=II

4d-distribution behind ECR source

* Emsx = 123 mm mrad

* Emsy = 125 mm mrad

- E,;=17 mm mrad
« E, =231 mm mrad

* €mead = E1 E; = 3927 (mm mrad)?

* Ermex rmsy = 15375 (mm mrad)?
¢ arms,x ) rmsy = 3 9 8rms,4d
9/29/2017
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FAR E=II

Motivation:
Envelopes along non-Coupling Focusing Elements

myy My 0 0

My Myy 0 0
0 0 ma3 may

if beam line comprises just elements that do not couple as » -
0 0 myg myy

the beam envelopes <xx> and <yy> do not depend on the initial correlated moments

* M has simply no access to <xy>, <xy"> ... when applying ¢ = mcm" to o= | """ """
<yr><yr > <yy> <yy
« consequence for non-coupling lattices:
 initial correlated moments can be ignored, even if they are non-zero
* hor. / ver. envelopes can be calculated, if just the non-correlated moments are
known, as <xx>, <xx>, ...., <y'y™>
« conventional emittance scanners are sufficient for beam dynamics layouts for non-
coupling lattices
25
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FAR E=II

Motivation:
Envelopes along Coupling Focusing Elements

if beam line comprises elements that do couple as |, ...

=MaoMTto ¢c= |°
<yr> <yr' > <yy> <yy >

M has access on <xy>, <xy™> ... when applying .
<yr><yr > <yy>

consequence for coupling beam lines:

initial correlated moments cannot be ignored, if they are non-zero
hor. / ver. envelopes can only be calculated, if also all correlated moments are

known, as <xy>, <xy>, <x'y>, and <x'y>

conventional emittance scanners are not sufficient for beam dynamics layouts for coupling

lattices

9/29/2017
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Motivation:
Diagnostics for Advanced EmTEX

FAR ==1I

el af Mafis Eh

lenoid field strength (T)

doublet doublet solenoid triplet skew triplet
foil triplet

current
transformer 9%

emittance

meas. slit

« EmTEX: Emittance Transfer EXperiment with linear dynamics:

* no space charge, low momentum spread, initially uncorrelated beam

« was done just by knowing initial 2d-Twiss parameters before solenoid

» coupling in solenoid, decoupling in skew triplet

« beam in front of decoupling skew quads from pure linear 4d beam dynamics

» if advanced EmTEX shall be applied to high space charge beams:
» linear 4d dynamics not applicable to deduce correlations in front of decoupling line
» full 4d beam moments must be know in front of decoupling skew triplet
» 4d diagnostics needed
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Emittance Measurements:

Slit / Grid FAR ==

movable slit, dx=0.2 mm movable grid, dx < 1 mm

4-\/-—>

21.92
11.60
9.92
+ 6.83
[+] 60. 3.23
m KU-plane:[+]10.0]# ] == |
1 Eps (mm nrad): 5.44
alpha ;2,51
beta (mnn/mrad): 4.79
ganna{mrad/mn): 1,52
Eurrent (ud): 8.0 3639

S»’ (nrad -0.B1

B (mA/Eps 2):2.1%9e-B09

(mA/E 2): 8. 14e-018
edit mode

+
+

slit position determines position x

positions of wire and slit determine x’
for each phase space pixel (x,x‘) wire current is recorded
map of pixel intensities I(x,x’) is evaluated

delivers <xx>, <xx>, and <x'x">, i.e. the x-Twiss parameters
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Emittance Measurements:
Pepper-Pot (Concept)

-0 z
geometrical angular
position plane analysis plane
(pepper-pot plane) (screen plane)

z

FAIR

J.G. Wang et al. NIM A 307, p. 190, (1991)

* hole position determines position x,y

« positions of hole and its image determine x',y’

« for each phase space pixel (x,x',y,y’) screen light emission is recorded

« map of pixel intensities I(x,x",y,y’) is evaluated

» delivers 4d-Twiss parameters

ARIES L. Groening / GSI Darmstadt, 4d Phase Space Measurements
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Measurement Error Mitigation

FAR E=II

individually measured <xx>ab8 <xx'>ab8 gnd <x‘x'>2b.8 inhabit measurement errors
errors will enter into the final result for <...>,
final errors are minimized if ,condition number K* of the matrix ' is minimized

[ &

n .k‘ ﬂi
33 ()2 ||r-*||2:=.\322(r:j>2 k(L) == [|T||,||T7,
1

i=1j=1 i=1 j=

K quantifies linear dependency of the matrix rows
low dependency — low K — errors propagate less to final result

examples:

0
-1
0
0

oNno o
R oo o
\
=
I
(&)

5
0
0
| 0

1 3 5 7

21 59 102 141| . - .
055 149 255 345| 2K =1.2x10

[0.11 0.28 0.51 0.69
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Measurement Error Mitigation

ARiES [N

FAR E=II

accuracy of measurement is high for low K
K is pure function of the transport matrix, i.e. of quadrupole settingsa & b

procedure to determine the two quad settings that minimize K :
1. settings should provide 100% transmission up to the grid of ROSE

2. settings should deliver lowest possible K

L. Groening / GSI Darmstadt, 4d Phase Space Measurements 9/29/2017
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Mechanical Set-up

FAR ==1I

slit & grid mounted on opposite
sides to minimize torque

cables wrapped around chamber

fixed pumping chamber

two gate valves (were not needed during
rotation)

SPACE.CHARGE
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Rotation

FAR == II

 fiducial points for alignment

» end switches separated by 180°
» disk brake (closed during measurements)

» \motor driver with belts (60 < 0.5°)
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Vacuum Issues

FAR == II

 static pressure = 5x10-8 mbar
« max. pressure during rotation = 9x10-¢ mbar

* recovery time =1 min

vacuum

lock ring
radial shaft seal
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Callibration FAR B=II

ROSE (0 = 0° and 90°) successfully benchmarked to well-tested ,MobEmi“ — slit/grid device

i
by — 3|

File Evaluate Configure Options Utifities PEDISP i Evaluate  Configure Pptions Utilities PEDISP
447 [nrad] FILE: 151743%.KHL FILE: 152746R9. EHI

KU-plane:[*] 0.
Eps (mn mrad): 11. Eps (nm mrad): 12.
alpha : -0, 5 alpha : -0,
I beta (mn/mrad): 3. i beta (nn/mrad): 4.
gamna(mrad/nn): 8. 1 g9anma (nrad/mn) : 8.
current  (uf): 73, current  (uf): 12,

] : % nn): -0,
Sy’ : Sy’ (mrad): -0,
B v B (mA/Eps =
B (nA/E 2): 5.5%e-006 B (n#/E 2): 1.85e-006
edit mode edit mode
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4d Emittance Measurements

FAR == II

initial measurements at 0° and 90° beam mmmmp

revealed at ROSE: U
0 [deg] | &, [Mmmrad] | B[m] a position | doublet position
0 3.1 4.6 -0.1
90 3.4 8.8 2.4 @ @

optimized quadrupole settings: reconstruction slit

a: 13.2/-12.6 and b: 9.4/-10.2 T/m

measurements:
1. at0° with setting Q123, Q22
2. at 30° with setting Q123, Q22
3. at 90° with setting Q12, Q22
4. at 30° with setting Q1°, Q2P

evaluation:

[ <2r> <20/ > <ay> <2y > 857 —4.34 —3.28 —-1.10

<rr> <w¥><ay><oy>| | —4.34 335 —0.74 1.52 £, = 2.4 mm mrad
<yr> <yr'> <yy> <yy > =328 —0.74 11.20 —3.05 E, = 2.Omm2mrad2
| < vr> <y'r > <yy> <y > | —1.10 1.52 —3.05 1.87 E,y = 4.8 mm? mrad

in mm, mrad
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4d Emittance Measurements

FAR == II

&£ =3 41341 mm mrad
| o =0 9070 80
B =3 2043, 29 mirad

&=3.15/3. 15 mm mrad
|er =7, 385,38
3G =2 T2 T2 mirad

check: do results change if six measurements
are used instead of four?

313=222/2.23 mirad dpp =1.84.84 mirad

o x = s
El | E|
B . * red ellipses from four measurements:
= [rﬂm] . = 2y pam] 1. at0° with setting Q12, Q22
*e=9.258.00mmmm | |¢=1.97/2.00 mrad mrad 2. at 30° with setting Q123, Q22
w'ﬁ S 3;-:,";,?;*;;5 3. at90° with setting Q12, Q22
B 4. at 30° with setting Q1°, Q2°
E| 5 : :
: - * Dblue ellipses from six measurements:
1. at0° with setting Q12, Q22
& 5 2. at 30° with setting Q123, Q22
o7 gm0 ° EE ®  x[mrag] 3. at90° with setting Q12, Q22
7 =3.86/3.84 d =6.08%8.10 o ° . .
I i Bl ;1 at 0° with setting Q1b, Q2°b
E | | E |
}:3. | :-c_s_
s B - T 8 CO

g 0
* [mm] ¥ [mm]

ARIES L. Groening / GSI Darmstadt, 4d Phase Space Measurements

at 30° with setting Q1°, Q2°
at 90° with setting Q1°, Q2°

four measurements are sufficient

9/29/2017
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4d Emittance Measurements:
Input for Decoupling

FAR E=II

decoupling reduces projected emittances, i.e. the usual hor. / ver. rms-emittances
to decouple, the correlated moments must be known (EmTEXx with space charge, ...)

are the ROSE results sufficiently precise to determine the decoupling lattice?

L. Groening / GSI Darmstadt, 4d Phase Space Measurements 9/29/2017
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4d Emittance Measurements:
FAR E=II

Input for Decoupling

to answer that question, a virtual decoupling line was constructed (regular triplet and skew
triplet for instance)

the decoupling gradients are calculated from measured moments w/o errors

moments with errors (from random error study) are transported through decoupling line

ExEy {

is evaluated:

the spectrum of final coupling parameters t =

1E2

010k .
| befare decoupling (in red) 1

0.08
after decoupling (in blue)

0.08
0.04

T

relative frequency

0.02} f .

Ty

[ 1]

0.0 0.5 1.0 15 2.0 25
coupling parameters

0.00

ROSE results are sufficiently precise
to perform decoupling
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