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e Receive beams on-axis from the linac

* Match each energy beam onto its stable orbit in the FFAG arg

* Match optics for each energy beam into the FFAG arc

*  Momentum compaction (r56) adjustment

 Path lengths: (ST + FA pass 1) = (52 + FA pass 2) =(S3 + FA pass 3)

+ Allow path length adjustment by sliding joints, +10 deg rf phase adjustment
» Dipole fields < 0.6 T

* Quad fields < 4 T/m

* Realistic transverse element sizes

Christopher Mayes — June 20, 2017 11/32



——=\ Cornell Laboratory for
Accelerator-based Sciences

and Education (CLASSE) Path length: 1_pass ERL

BROOKHIEN

NATIONAL LABORATORY

7.00

8.75 10.50 12.25 ﬂod)#LQﬂOn 15.75 17.50 19.25 21.00
a0 : : ; . : —12 : : . . : —7 : : . —

6.25 -1
§4.50 - -
>

/E\S':‘»E’EENE'_'——EE—’EE‘E\'_‘ 5%/7 :
/6 = - = ég;
e ®
/
275 > e
[\~
/
/ -
1.00 1 1 1 1 1 1 1 1 1 1 1 1
7.00 B8.75 10.50 12.25 14.00 15.75 17.50 19.25 21.00
X (m)

Ty - frf =343 — 0.5

Christopher Mayes — June 20, 2017

12/32



2\ Cornell Laboratory for

ccelerator-based Sciences Path length: 2-pass ERL Bnnn"""“'E“

nd Education (CLASSE) NATIONAL LABORATORY

7.00 8.75 10.50 12.25 floos.gslan 15.75 17.50 19.25 21.00
8.00 T T T T T T T T T T T T T T T T T T T T T T T

6.25 -

—4.50 —

2.75F /// ]
//‘:
/ o
)
i

Harmonics:

1.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7.00 8.75 10.50 12.25 14.00 15 75 17. 50 19.25 21.00

TQ-ﬁf:343 05
Tl'frf:343

Christopher Mayes — June 20, 2017 13/32



S \ Cornell Laboratory for
ccelerator-based Sciences

/' and Education (CLASSE) Path length: 3-pass ERL

BROOKHIEN

NATIONAL LABORATORY

7.00 8.75 3 12.25 floo#.gflan 15.75 17.50 19.25 21.00
8.00 T T T T T T T T T T T T T T T T T T T T

6.25—

—4.50

_ = S i
/Eé\is%a%%% G-er2 e -
J,s/ —2 S\SD__E Z%%gy

2751 =
’f"

' Harmonics: T3 : frf — 343 — 0.5

|
10.50 12.25 14 00

1 | 1 1 |
1575 17.50

T - frf —343 T
Ty - frr = 343

Christopher Mayes — June 20, 2017

14/32



Cornell Laboratory for

Accelerator-based Sciences Path length: 4-p ass ERL N?TIIE)(N'AOLIS!E‘O!‘R‘!TEO“RY

/9 and Education (CLASSE)

7.00 8.75 10.50 12.25 floos.golan 15.75 17.50 19.25 21.00
8.00 T T T T T T T T T T T T T T T T T T T T

6.25 =

ey |
o=y,
W

275 // -

— Ty frf =343+ 1.5
Harmonics: T3 - f.r = 343

1.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7.00 8.75 10.50 12.25 14,00 15.75 17.50 19.25 21.00

Ty - fre = 343
Tl . frf = 343

Christopher Mayes — June 20, 2017 15/32



&\ Cornell Laboratory for

\ =
<

<] Accelerator-based Sciences

5/ and Education (CLASSE)

Pass 1 length adjustment

BROOKHIAEN

NATIONAL LABORATORY

14

16

20

—10 deg RF

10

Christopher Mayes — June 20, 2017

12

20



&\ Cornell Laboratory for

\ =
<

<] Accelerator-based Sciences

5/ and Education (CLASSE)

Pass 1 length adjustment

BROOKHIAEN

NATIONAL LABORATORY

20

10

Christopher Mayes — June 20, 2017

12

20



&\ Cornell Laboratory for

\ =
<

<] Accelerator-based Sciences

5/ and Education (CLASSE)

Pass 1 length adjustment

BROOKHIAEN

NATIONAL LABORATORY

14

16

20

10 deg RF

10

Christopher Mayes — June 20, 2017

12

20



Uy
s 2
@%

§ 2\ Cornell Laboratory for

= ijccelerator—based Sciences Splltter entrance and exit detall B“““K“’-‘"E“

£’/ and Education (CLASSE) NATIONAL LABORATORY

Normal-conducting
Quadrupole

FEAG Arc

Christopher Mayes — June 20, 2017



Cornell Laboratory for

/ | Accelerator-based Sciences Sl Optics (42 MeV) B“nnK“"""E"

/%) and Education (CLASSE) NATIONAL LABORATORY

[ NON | X PLplot

0.6 T T T T T T T T T T T T T T T T T T T T

rsg contribution {m)
o
T
|

-0.6

20 =2

100 —T—p° T T T T T T T & T T T T T T T
[ 3

sof

sof

6, 6, (m)

-0.2C I I
1 1%

I B R = A

Christopher Mayes — June 20, 2017 20/32

22




Cornell Laboratory for

| Accelerator-based Sciences 82 Optics (78 MeV) BH“UK“’-’A"E“

NS /) and Education (CLASSE) NATIONAL LABORATORY

00 X PLplot

0.6 T T T T T T T T T T T T

0.3

rsg ontribution {m)
o
T

|
o

[
|

Christopher Mayes — June 20, 2017 21/32



S3 optics (114 MeV) BROOKHIAVEN

NATIONAL LABORATORY

[ NON | X PLplot

0.6 T T T T T T T T T T T T T T T T T T

0.3

rsq contribution {m)
o
T I T T

-0.3- -
-0.6 L 1 1 1
53 56 59 G2 a5
(m)
100 —— g T | T ]

—H TR AR I |
U A O AN | U]

Christopher Mayes — June 20, 2017 22/32



54 optics (150 MeV) AN,

[ NON | X PLplot

0.6 T T T T T T T T T T T T T T T T T T

0.3 =

rsq contribution {m)
o
T

A

n,. 7, (m)
e
o
II TT
1

=
)
L L
|

|
=
S

Christopher Mayes — June 20, 2017 23/32



\ Cornell Laboratory for
[ jA;‘jAcceIerator—based Sciences
ON/// and Education (CLASSE)

SX optics for each pass

BROOKHIAVEN

NATIONAL LABORATORY

FFAG pass 1 FFAG pass 2 FFAG pass 3 FFAG pass 4
42 MeV 78 MeV 114 MeV 150 MeV
o MLV N A — XA :
0 20 40 (m) 60 100
E LO;_ /\/\ /\/\/\ .
TSRO TN
6 MeV i "“ﬂu mm T 150 MeV
Jull
+36 MeV +36 MeV +36 MeV

S1

Christopher Mayes — June 20, 2017

+36 MeV 52




2 Cornell Laboratory for

Accelerator-based Sciences RX Optics for eaCh pass BnonKHn"E“

7/ and Education (CLASSE) NATIONAL LABORATORY

FFAG pass 1 FFAG pass2 ~ FFAG pass 3 FFAG pass 4
42 MeV 78 MeV 114 MeV 150 MeV
100 T ' T T
- C +Curve OFf Scalewt ]
E &0 E -
o : H| i
e:;f 40 C ||| ||| ]
: | \ ,
20 j \H } llh\ * I'ull ’),'" — | E
° %0 e == 700 120
2.0 F T T T T I ]
- ‘o 5 — /\/\ :
6 M eV nﬂlmﬂﬂl ﬂ H H | -_|-- : VHH'k%HHM EH H 1 : b } l%ﬂﬂ EH bH ! --I-- 1 150 M eV
RT +36 MeV R) +36 MeV R3 +36 MeV R4 -36 MeV

Christopher Mayes — June 20, 2017 25/32



— \ Cornell Laboratory for
‘) Accelerator-based Sciences

/ ) and Education (CLASSE)

4-pass Optics Design

BROOKHIEN

NATIONAL LABORATORY

£ (MeV)

Ny 7y (M)

—0.5

150

100

50

100

80

a0

40

20

2.0

15:

1.0F

0.5F

Deéign |

: Match into Energy 3 (114 MeV) line

T

#+Curve Off Scalerx

b e o et

b b b biees

100

400

R O DO O

Christopher Mayes — June 20, 2017

26/32



J\ Cornell Laboratory for
Accelerator-based Sciences
5/ and Education (CLASSE)

Start-to-End tracking

BROOKHIAEN

NATIONAL LABORATORY

100 pC bunch calculated from GPT with space charge

10} et e, '
10} ol 41.88} f \\ 0.9
ol _ " 0.8
Al - ! % 41.861 j;.i\v ‘\\ 0.7
285 o g di g>41A84 F ) 06
E of 05 E or b 05
o o 2f gavse} 04
st -4r < 03
-6} 41.8
0.2
— -8} -
-10f 1 0.1 41.78} 1 0.1
-10}
. 0 : : : . . : : . 0
1 0.5 0 0.5 1 1 6 -4 -2 0 2 4 6 8
x (mm) Arrival Time (ps)
1500 —
[ spliced into Bmad 4-pass model j
- L -
E! - -
S 1000 —
o I |
500 — r’ ] /‘ —
- \J | :
| L w\/ | N \ fU\/ ‘ \/
L ‘ |\ N ‘.' o .
o ’f P J , J
0 100 500
Christopher Mayes — June 20, 2017 27/32



Cornell Laboratory for

]Accelerator—based Sciences Start-tO-End tracking BHOUKH’-’A"EN

"and Education (CLASSE) NATIONAL LABORATORY

0.8 I I I

— . e

m o

zz

<<
1

0.6

|

Beam €, (mm—mrad)
o
~
LI I LI I LI I LI
1

0.2
0 | | | |
20F [ [ [ [ ]

C «xCurve Off Scalexx ]
~15 ;— ‘;
S 1of
I 55_ . L, —E

0 E | | | | E
10 124 238 352 466 580
s (m)
i I [ il L — I I
I | |
I — AP [B730: la.morendi8] I ) 7—Pz [6720: la.mar.end\8]
U-b» . T ! T 12 [ T . T Tr [ Tt v T [ v T T [ T T T [ Tyr T [ T T T ] A
- Final x-Px. 'Final z-Pz
< 7 ~ o / 6 MeV | |£1.2%
7 h R s _I4 - z rénm ) 1 L ° v

Christopher Mayes — June 20, 2017 28/32



Cornell Laboratory for
Accelerator-based Sciences

Start-to-End tracking envelopes

BROOKHIEN

NATIONAL LABORATORY

and Education (CLASSE)
8[——m o T ' T : T : T ) T T
- :_ngn B
———————— % , ]
B *+Curve Off Scale**
4= II =
-~ - I’ E |
€ I
£t ‘ 1 [
~ 1
0 [P i ‘ \ ) * 4]
o OF R Y Y iy’ FERL) AL} A LT EI i :: -
N \ '~ "N
L - U -
= \
[3] - \ 4
c \
S5 \
2 L I VA
\
4 L
-8 1 | ! | ! | ! | 1 | 1
0 100 200 300 400 500 600
s (m)
8[—————— [ ! f I ! [ ! I T I T
L X iy 4
———————— +o,
""" T _ax -~ ¢ - —~
*+Curve Off Scale
4+ ’l' =
-~ - ! —
E II
Er 1 ;o
! —
2 ‘ \ , .
o OF ARLTYV I A gy BARSIAAT ) ) {1 33500y O AN LTI PRI LEas :: -
N ot
0 - U 4 e
i = \
o - \ 4
c \
> \
o - \
\
—4 L
-8 1 | I | Il | 1 | 1 1 1
0 100 200 300 400 500 600
s (m)

Christopher Mayes — June 20, 2017

29/32



Accelerator-based Sciences Start—tO—End t]‘_" acking Bnnn"""“'E“

NATIONAL LABORATORY

—~

- i
a

~ -
«

= - -
hel

g or— -
S

- = -

% L L R JU. P | P —— T et b T T Oy oL vy U N S U, g mmm - - N
c

=1 L i
&

_B b —

—-18 1 | 1 | L | 1 | 1 | L
v} 100 200 300 400 500 600
s (m)
10 gﬁ T T T T T T T ]
~~~~~~~~ +0,

\--oooooo % i

5 — —

o~ - i

[ - i

\‘__/ - -

LS o —

< I s e et Ittt J
a

5 - Y o S e B
=

a L i

_5 — —

—-10 1 | 1 | L 1 1 | L |
100 200 300 400 500 500
s (m)

i R i

Christopher Mayes — June 20, 2017 30/32




— /\ Cornell Laboratory for

‘ | Accelerator-based Sciences Summ ary BnonKHn"E“

/ and Education (CLASSE) NATIONAL LABORATORY

CBETA Lattice is finalized
FFAG designed with fieldmaps, well-modeled in Bmad for fast tracking.

Splitters designed for:
» possible 1,2,3,4-pass ERL configuration
* Match orbit and linear optics into FFAG arc for each beam
« +10° RF phase shift adjustment via linear sliding joints.

4-pass start-to-end ERL tracking:
* Negligible emittance growth
«  Well-controlled RMS and full (100%) beam envelope (both
transverse and longitudinal)
* Excellent energy at the dump +1%
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