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Compensation of insertion device induced emittance
variations in ultralow emittance storage rings
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* Problem definition.

 Possible compensation schemes:

Use a variable gap wiggler to generate emittance.

Use of a “dispersion bump” inside a wiggler with gap at a fixed
position.

Compensation by small variation of the beam momentum.

Using intra-beam scattering (IBS).

 Final Considerations.
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The MBA Lattice Revolution

Tens of pm emittances, orders of magnitude brightness increase, approaching
fully photon coherence in the transverse plane!
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Ultra-Low Emittance MBA Lattices
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Ultra-Low Emittance MBA Lattices

Example: ALS-U 9BA Lattice v18 127 (obsolete)
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Ultra-Low Emittance MBA Lattices

Example: ALS-U 9BA Lattice v18 127 (obsolete)

. 1.15nC/bunch - 2 GeV -L=196.5m - h = 328
. Dipole: p=86m;k=-7Tm2 0=333deg °“| 15| \ | f—
e g =109 pm (no IBS) — 12 super-periods 0.03l II | ‘l‘ ,;
« Full coupling: E €10 [ ] ‘I |
+ £,=5,=81.32 pm (with IBS and harm. cav.) 5°%f" | | A
+ 0, = 14.56 mm (with IBS and harm. cavities) | 5| / | | |ﬁ\ |
. 5 =0.0828% - U, =181.9 keV (no IDs) 7 \}\ TS OV BN
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M““‘ “' % % " "' “"'m | s (m)
ol Twiss parameters for ring
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In such lattices, the typically large bending radius decreases the energy radiated
in the bends making it comparable to that radiated in insertion devices (IDs).

In this situation, the IDs’ contribution significantly contributes to radiation
damping and hence in defining the ring natural emittance.
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Ultra-Low Emittance MBA Lattices

Example: ALS-U 9BA Lattice v18 127 (obsolete)

« 1.15nC/bunch- 2GeV-L=196.5m-h =328 ,
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In such lattices, the typically large bending radius decreases the energy radiated
in the bends making it comparable to that radiated in insertion devices (IDs).

In this situation, the IDs’ contribution significantly contributes to radiation
damping and hence in defining the ring natural emittance.
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Significant Emittance Dependence on IDs
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Significant Emittance Dependence on IDs

| ! | ! I ! ! | ! | ' I_] 1.00
ALS-U v18.127 |
=T 1.15nC - 2 GeV - 109.02 pm nat. emi.]
S gk 81.32 pm emittance at full coupling
- — ~
Energy losses induced by IDs S e
. . . i) B =
Increase damping decreasing £, 3
[l LI-] — - <
emittance . fiaad -]
O — =
(ELEGANT simulations). % | FitY=Ko+KIX+K2X’ S
o 70 KO =81.343 +£0.0249 pm -
2 K1 =-0.24547+0.00184 pm keV" 70.85
081 K2 =0.00059402 + 2.51¢-05 pm keV™
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ID Induced Energy Losses [keV]
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Significant Emittance Dependence on IDs

| ' | ! I | ! | ! | . I _] 1.00
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=T 1.15nC - 2 GeV - 109.02 pm nat. emi.]
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81" K2  =0.00059402 + 2.51¢-05 pm keV™
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In this particular example using the ALS-U lattice v18.127, a 20 keV
energy loss induced by IDs decreases the emittance by about 5 pm
equivalent to ~6% of emittance reduction.
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Significant Emittance Dependence on IDs

| ' | ! I | ! | ! | . I _] 1.00
ALS U vi8.127 .
=T 1.15nC - 2 GeV - 109.02 pm nat. emi.]
S gk 81.32 pm emittance at full coupling
- — ~
Energy losses induced by IDs S e
. . . = B =
Increase damping decreasing £, 3
[l LL] — - <
emittance . fiaad -]
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(ELEGANT simulations). % | FitY=Ko+KIX+K2X’ S
o 70 KO =81.343 +£0.0249 pm -
2 K1 =-0.24547+0.00184 pm keV" 70.85
81" K2  =0.00059402 + 2.51¢-05 pm keV™
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ID Induced Energy Losses [keV]

In this particular example using the ALS-U lattice v18.127, a 20 keV
energy loss induced by IDs decreases the emittance by about 5 pm
equivalent to ~6% of emittance reduction.

How large are ID induced energy losses in a real ring?
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Example of ID Induced Energy Losses in a Ring
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Example of ID Induced Energy Losses in a Ring

ALS Insertion Devices

Name Alias BL New? | Ay (mm) | BXpax (T) | BXpin (T) | BYmax (T) | BYpin (T) | No.
periods

EPU50 4.0.2 | No 50 0.58 0.1 0.8 0.1 37
QEPUY0 | MERLIN | 4.0.3 | No 90 0.78 0.06 1.18 0.06 20.5

U114 5.0.1 | No 114 1.94 0.03 0 0 29

EPU38 | COSMIC | 7.0.1 | No 38 0.89 0.11 0.67 0.11 44.5

EPU70 |MAESTRO| 7.0.2 | No 70 1.18 0.07 0 0 26.5

U50 8.0.1 | No 50 0.85 0.1 0 0 80

U100 9.0.1 | No 100 0.98 0.05 0 0 43

U100 9.0.1 | No 100 0.8 0.05 0 0 43

EPU50 11.0.1| No 50 0.85 0.1 0.57 0.1 36.5

EPU50 11.0.2| No 50 0.85 0.1 0.58 0.1 37

Us0 12.0.1| No 80 0.8 0.07 0 0 55
rrererr
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Example of ID Induced Energy Losses in a Ring

) ) ALSd a.S rth 7()]7
ALS Insertion Devices ata,Sta ov

Name Alias BL New? | Ay (mm) |BXpax (T) | BXpin (T) |BYnax (T) | BYnin (T) | No. 2
periods ; ”H\( p‘ | ‘ I\l¥
EPU50 4.0.2 | No 50 0.58 0.1 0.8 0.1 37 X 5 A ‘[ W M ’.'pﬁ’ JRIL
QEPU90 | MERLIN | 4.0.3 | No 90 0.78 0.06 1.18 0.06 20.5 = 2(
U114 5.0.1 | No 114 1.94 0.03 0 0 29 o Y‘!r‘ L
EPU38 | COSMIC | 7.0.1 | No 38 0.89 0.11 0.67 0.11 14.5 215
EPU7T0 |MAESTRO| 7.0.2 | No 70 1.18 0.07 0 0 26.5 o
U50 8.0.1 | No 50 0.85 0.1 0 0 80 o
U100 9.0.1 | No 100 0.98 0.05 0 0 43 = 10
U100 9.0.1 | No 100 0.8 0.05 0 0 43 =
EPU50 11.0.1]| No 50 0.85 0.1 0.57 0.1 36.5 &
EPU50 11.0.2| No 50 0.85 0.1 0.58 0.1 37 e 5
080 12.0.1]| No 80 0.8 0.07 0 0 55 et
0 ! A n _ _
0 5 10 15 20 25 30

days

Random ID gaps variation generates random beam radiated power variations.
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Example of ID Induced Energy Losses in a Ring

) ) ALSd a.S rth 7()]7
ALS Insertion Devices ata,Sta ov

Name Alias BL New? | Ay (mm) |BXpax (T) | BXpin (T) |BYnax (T) | BYnin (T) | No. 2
periods ; ”H\( p‘ | ‘ I\l¥
EPUS50 4.0.2 | No 50 0.58 0.1 0.8 0.1 37 = 50 0[ W M ’."’ﬁ" JRIL
QEPU90 | MERLIN | 4.0.3 | No 90 0.78 0.06 1.18 0.06 20.5 = 2(
U114 5.0.1 | No 114 1.94 0.03 0 0 29 o d l‘!n !
EPU38 | COSMIC | 7.0.1 | No 38 0.89 0.11 0.67 0.11 44.5 2 15
EPU70 |MAESTRO | 7.0.2 | No 70 1.18 0.07 0 0 26.5 o
U50 8.0.1 | No 50 0.85 0.1 0 0 80 o
U100 9.0.1 | No 100 0.98 0.05 0 0 43 = 10
U100 9.0.1 | No 100 0.8 0.05 0 0 43 =
EPU50 11.0.1| No 50 0.85 0.1 0.57 0.1 36.5 &
EPU50 11.0.2| No 50 0.85 0.1 0.58 0.1 37 =) 5
080 12.0.1| No 80 0.8 0.07 0 0 55 bt
0 , I L - _
0 5 10 15 20 25 30

days

Random ID gaps variation generates random beam radiated power variations.
5001 :
| ALS-U Case

400 Simulation
300
200
; M. Venturini
100
o=ttt i1l I[l.__

S 10 15 20 25 30 35 40
one—particle energy loss per turn, U (keV)
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Example of ID Induced Energy Losses in a Ring

) ) ALSd a.S rth 7()]7
ALS Insertion Devices ata,Sta ov
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QEPU90 | MERLIN | 4.0.3 | No 90 0.78 0.06 1.18 0.06 20.5 = 2( Y“
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U50 8.0.1 | No 50 0.85 0.1 0 0 80 o
U100 9.0.1 | No 100 0.98 0.05 0 0 43 = 10
U100 9.0.1 | No 100 0.8 0.05 0 0 43 =
EPU50 11.0.1]| No 50 0.85 0.1 0.57 0.1 36.5 &
EPU50 11.0.2| No 50 0.85 0.1 0.58 0.1 37 e 5
080 12.0.1]| No 80 0.8 0.07 0 0 55 et
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0 5 10 15 20 25 30

days

Random ID gaps variation generates random beam radiated power variations.
5001 :
| ALS-U Case

400} Simulation

300/ <UO> = 18.5 keV, Cro= 5.6 keV

200 . } ‘
; M. Venturini

100 | |
OZ ‘ ‘..111;::__5 Aele ~7 % (4 sigma)
510 15 20 25 30 35 40

one—particle energy loss per turn, U (keV)
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Example of ID Induced Energy Losses in a Ring

. . ALSd S rth 7017
ALS Insertion Devices ata,Sta ov

Name Alias BL New? | Ay (mm) |BXpax (T) | BXpin (T) |BYnax (T) | BYnin (T) | No. 2
periods ; ”H\( p‘ | ‘ I\l¥
EPU50 4.0.2 | No 50 0.58 0.1 0.8 0.1 37 X 5 A ‘[ W M ’.'pﬁ' JRIL
QEPU90 | MERLIN | 4.0.3 | No 90 0.78 0.06 1.18 0.06 20.5 = 2(
U114 5.0.1 | No 114 1.94 0.03 0 0 29 o (‘!r‘ L
EPU38 | COSMIC | 7.0.1 | No 38 0.89 0.11 0.67 0.11 14.5 215
EPU7T0 |MAESTRO| 7.0.2 | No 70 1.18 0.07 0 0 26.5 o
U50 8.0.1 | No 50 0.85 0.1 0 0 80 o
U100 9.0.1 | No 100 0.98 0.05 0 0 43 = 10
U100 9.0.1 | No 100 0.8 0.05 0 0 43 =
EPU50 11.0.1]| No 50 0.85 0.1 0.57 0.1 36.5 &
EPU50 11.0.2| No 50 0.85 0.1 0.58 0.1 37 e 5
080 12.0.1]| No 80 0.8 0.07 0 0 55 et
0L LI L LY. | |
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days

Random ID gaps variation generates random beam radiated power variations.
5001 :
| ALS-U Case

i Smaaton <> =18.5 keV, 6, = 5.6 keV
300 .

200 . } ‘
; M. Venturini

100 | |
OZ ‘ ‘..111;::__5 Aele ~7 % (4 sigma)
5 10 15 20 25 30 35 40

one—particle energy loss per turn, U (keV)

How important such an emittance variation to experiments?
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STXM- Scanning Transmission X-Ray Microscopy

Tempaoral filter
Monochromator
Spatial filter
Bend Exitslit Erocnel Coherent X-rays
"=
=)
Fresnel
zone plate
Soft X-rays UL (:[:

Detector

“uﬁA _"" 7 . Y : .
Colloid Crystal STXM Image. H. W. Nho, T. H. Yoon,
(2017). Scientific Rep. 7. 10.1038/s41598-017-12831-4.

X-ray microscopy/spectroscopy technique very sensitive to beam size
and hence to emittance variations.
I
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Compensation by Variable Gap Wiggler
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Compensation by Variable Gap Wiggler

, fﬁ ds B*L, (wiggler)
— = Wil er
] p? 2(Bp)? 99

- B = Zn% I;—W (wiggler)

Up=-LE*, C,=8846 1075 m/GeV?

2T

o -
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Compensation by Variable Gap Wiggler

, fﬁ ds B*L, (wiggler)
= = Wil er
2= 2 " 2@Bp2 IY

- B = Zn% I;—W (wiggler)

m c2\* K
Uoany( . ) y2</,l—w> L,
w

The gap of the compensating wiggler is closed when the other IDs are open, and
Is gradually opened to keep the emittance constant when the other IDs close.

Up=-LE*, C,=8846 1075 m/GeV?

2T
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Compensation by Variable Gap Wiggler

, fﬁ ds B*L, (wiggler)
= = Wil er
2= 2 " 2@Bp2 IY

- B = Zn% I;—W (wiggler)

m c2\* K
Uoany( . ) y2</,l—w> L,
w

The gap of the compensating wiggler is closed when the other IDs are open, and
Is gradually opened to keep the emittance constant when the other IDs close.

Up=-LE*, C,=8846 1075 m/GeV?

2T

Pros.:
* Allow operating at an emittance value smaller than the one obtainable
from the bare lattice without IDs.
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Compensation by Variable Gap Wiggler

, fﬁ ds B*L, (wiggler)
= = Wil er
2= 2 " 2@Bp2 IY

Up=-LE*, C,=8846 1075 m/GeV?

2T
- B = Zn% I;—W (wiggler)

m c2\* K
Uoany( . ) y2</,l—w> L,
w

The gap of the compensating wiggler is closed when the other IDs are open, and
Is gradually opened to keep the emittance constant when the other IDs close.

Pros.:
* Allow operating at an emittance value smaller than the one obtainable

from the bare lattice without IDs.
Cons.:
* Requires a dedicated wiggler
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Compensation by Variable Gap Wiggler

, fﬁ ds B*L, (wiggler)
= = Wil er
2= 2 " 2@Bp2 IY

Up=-LE*, C,=8846 1075 m/GeV?

2T
- B = Zn% I;—W (wiggler)

m c2\* K
Uoany( . ) y2</,l—w> L,
w

The gap of the compensating wiggler is closed when the other IDs are open, and
Is gradually opened to keep the emittance constant when the other IDs close.

Pros.:
* Allow operating at an emittance value smaller than the one obtainable

from the bare lattice without IDs.
Cons.:
* Requires a dedicated wiggler

ALS Wiggler example: Ay, = 0.114 m; Npgiogs = 29; Ly = 3.3 m; K\, = 20.6; By, = 1.94 T;
U, =28.3keV @ 1.9 GeV or 31.4 keV @ 2 GeV

B
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler

2
g = C vl
0 — %q7 7
]x 12
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler
ds 55 h

_ - ~13
=9 Co =555 T = 3832 X107 m
2
Y Is I 77x<1 e OB
° T I i I ! p \p? ' ©opox
= ¢ ? ’ e
5 = |P_3| S H=yNx F20:0N0N0 5 +BxNx

e B
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler
ds 55 h

_ - ~13
=9 Co =555 T = 3832 X107 m
2
Y Is I 77x<1 e OB
° T I i I ! p \p? ' ©opox
= ¢ ? ’ e
5 = |p_3| S H=yNx F20:0N0N0 5 +BxNx

Assuming a horizontal dispersion bump Inside the wiggler with 7. constant and 7', =0

e B
‘ F. Sannibale — IPAC18, Vancouver, BC Canada, May 2, 2018 & ‘
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler
ds 55 h

_ - ~13
=9 Co =555 T = 3832 X107 m
2
Y Is I 77x<1 e OB
° T I i I ! p \p? ' ©opox
= ¢ ? ’ e
5 = |P_3| S H=yNx F20:0N0N0 5 +BxNx

Assuming a horizontal dispersion bump Inside the wiggler with 7. constant and 7', =0

4 By’

= Alsy ~ s lwrd 1xs ALy=0, Al ~0

e =
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler
ds 55 h

_ - ~13
=9 Co =555 T = 3832 X107 m
2
Y Is I 77x<1 e OB
° T I i I ! p \p? ' ©opox
= ¢ ? ’ e
5 = |P_3| S H=yNx F20:0N0N0 5 +BxNx

Assuming a horizontal dispersion bump Inside the wiggler with 7. constant and 7', =0

4 By’

4 Ae AISW
31 (Bp)3 -

Lw(Vx) 77x2, AlLy,= 0, Al ~0 N - ;
5

- AISW ~

e =
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler
ds 55 h

_ - ~13
=9 Co =555 T = 3832 X107 m
2
Y Is I 77x<1 e OB
° T I i I ! p \p? ' ©opox
= ¢ ? ’ e
5 = |p_3| S H=yNx F20:0N0N0 5 +BxNx

Assuming a horizontal dispersion bump Inside the wiggler with 7. constant and 7', =0

4 By’

4 Ae AISW
31 (Bp)3 -

Lw(Vx) 77x2, AlLy,= 0, Al ~0 N - ;
5

- AISW ~

Using the ALS wiggler and <y, >= 1/2.5 m™! (ALS-U 18.127) and 77, =1 cm >A¢g/e ~ 5%

o -
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler

ds 55 b .
]2 — ? Cq = 3293 P 3.832 x 10 m
2
Y Is Iy 77x<1 e OB
en=(C,—— ] =1—— I Zf— — + 2k, |ds =—__
° T I i I ! p \p? ' ©opox
}l‘ 2 / ! 2
Is = |p3|d5 H=yMNx +20:0x0x +PxNx

Assuming a horizontal dispersion bump Inside the wiggler with 7. constant and 7', =0

Ae AISW
& 15

4 BW3 2
Ly(yxdne®, ALy =0, ALy ~0 -

- AISW NE(BP)3 w

Using the ALS wiggler and <y, >= 1/2.5 m™! (ALS-U 18.127) and 77, =1 cm >A¢g/e ~ 5%
Pros.:
* Potentially compatible with user operation of the wiggler at fixed gap
(if wiggler users can accept horizontal beam size variations)

e B
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Compensation by Local Dispersion Bump in Fixed Gap Wiggler

ds _ 55 N ~13
]2 — ? Cq = 32\/§ P 3.832 x 10 m
2
Y Is I 77x<1 e OB
° T I i I ! p \p? ' ©opox
}l‘ 2 / ! 2
Is = mds H=yNx F20:0N0N0 5 +BxNx

Assuming a horizontal dispersion bump Inside the wiggler with 7. constant and 7', =0

4 By’

4 Ae AISW
31 (Bp)3 -

Lw(Vx) 77x2, AlLy,= 0, Al ~0 N - ;
5

- AISW ~

Using the ALS wiggler and <y, >= 1/2.5 m™! (ALS-U 18.127) and 77, =1 cm >A¢g/e ~ 5%

Pros.:
* Potentially compatible with user operation of the wiggler at fixed gap
(if wiggler users can accept horizontal beam size variations)
Cons.:
* Requires extra knobs to perform the local dispersion bump.
* Bump size significant. Possible effects on beam dynamics should be evaluated.
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Compensation by Small Beam Momentum Variations
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Compensation by Small Beam Momentum Variations

The beam momentum can be modified by Sp = dp _ _ 1 dfer
varying the RF frequency Po ac frr

S N
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Compensation by Small Beam Momentum Variations

The beam momentum can be modified by 5p = dp — _ 1 d/rr
varying the RF frequency Po ac frr
And due to the dependence of the emittance terms on energy, ve s
. Eog = Cq__
we can change the emittance I I
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Compensation by Small Beam Momentum Variations

The beam momentum can be modified by 5p = ap — _ 1 d/rr
varying the RF frequency Po ac frr
: 2
And due to the dependence of the emittance terms on energy, C v Is
we can change the emittance 0 1. 1,
0250 ' | ' | ' | ' I
- N ALS-U v18-127 (Obsolete)
2 o020l MADS Simulation i
CG -
e .
>
9 015 .
[ + FIT: Y=K0+KI1*X+K2*X"2
f_,'j KO =0.0011593 £ 0.000537
= X1 =22759+0.0787
& 010+ K2 =81196+127 -
m
i)
Z
= 005+~ —
o
o
0.00 o . | . . | . ]
-0.020 -0.010 0.000 0.010 0.020
Relative Momentum Deviation
’::'\”H'ﬂ F. Sannibale — IPAC18, Vancouver, BC Canada, May 2, 2018 gﬁ
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Compensation by Small Beam Momentum Variations

The beam momentum can be modified by 5p = dp — _ 1 d/rr
varying the RF frequency Po ac frr
And due to the dependence of the emittance terms on energy, y? Is
. g = Cq77
we can change the emittance I I
0250 ' | ' | ' | ' I
- N ALS-U v18-127 (Obsolete)
2 o020l MADS Simulation i
=)
E .
sk | In the ALS-U v18.127 example,
Q : . . .
g + R s a 5% emittance variation can be
E ol0f K2 aises127 i obtained with
E ~ 1% momentum variation
= 005- - (~ 1.3 kHz RF variation)
~
0.00 o . . . | . ]
-0.020 -0.010 0.000 0.010 0.020

Relative Momentum Deviation
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Compensation by Small Beam Momentum Variations

The beam momentum can be modified by 5p = dp — _ 1 d/rr
varying the RF frequency Po ac frr
And due to the dependence of the emittance terms on energy, y? Is
. g = Cq77
we can change the emittance I I
0250 ' | ' | ' | ' I
- N ALS-U v18-127 (Obsolete)
2 o020l MADS Simulation i
=)
E .
sk | In the ALS-U v18.127 example,
Q : . . .
g + R s a 5% emittance variation can be
E ol0f K2 aises127 i obtained with
E ~ 1% momentum variation
= 005- - (~ 1.3 kHz RF variation)
~
0.00 o . . . | . ]
-0.020 -0.010 0.000 0.010 0.020

Relative Momentum Deviation

The scheme it is not practical because it moves source points in dipoles, change the
energy of the radiated photons, and can challenge the ring dynamic aperture.
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Using Intra-beam Scattering (IBS) to Compensate Emittance
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Using Intra-beam Scattering (IBS) to Compensate Emittance

H,o2 (1 (b) 1 b
- ~ 2m3/24 < - (ag (5) +=g (%)) -ag (5)> (log)

Ty 7"32 cNy Bjorken-Mtingwa
A= 6477274
T2y *E €,0,05

3| -

o -
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Using Intra-beam Scattering (IBS) to Compensate Emittance

1 H,.o%({1 (b 1 ,a b
—~2m324 (X Zg=)+=g(=)|-agl=]))C
, - T~ 2 < e \a9\a bg(b) ag|—))Uog)
€x0 = T €x0
1—= 2
T, . 15 cN Bjorken-Mtingwa
B 64m?y*e,€,0,05
Ag' T T
= TxAdx— for=«1
Exo Ty o, T,
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Using Intra-beam Scattering (IBS) to Compensate Emittance

1 H,o:(1 (b 1 ,a b
—~2m324 (X Zg=)+=g(=)|-agl=]))C
’ 1 Ty " < Ex a?\a) b (b) “I\a (log)
€x0 = T €x0
1—= 2
T, . 15 cN Bjorken-Mtingwa
B 64m?y*e,€,0,05
A€’ T T
=Y Fxdx— for=«1
Exo Ty o, T,

The last expression shows that bunch length can be used
for generating emittance variations and hence to
compensate for ID induced emittance variations.
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Using Intra-beam Scattering (IBS) to Compensate Emittance

1 H,o5 ({1 (b\ 1 ,a b

—~2m324 (X Zg=)+=g(=)|-agl=]))C

’ 1 T, " < Ey ag a b‘g(b) a4 a (log)
€ x0 = T €x0
1-— T_ 2
x A= 15 cNy Bjorken-Mtingwa
64m?y*e,€,0,05

Ag’xO Tx Tx : -
= ~— XA X— for—« 1 @BLS U
€x0 x 0y Tx rd harr_\f;:ca;v_.

for generating emittance variations and hence to
compensate for ID induced emittance variations.

Harmonic cavities, when present,
can be used for that purpose

BERKELEY LAB
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Using Intra-beam Scattering (IBS) to Compensate Emittance

IDs losses simulated with ELEGANT by adding
12 wigglers to the ALS-U v18.127 lattice :

ALS-U v18.127 with 17.8 keV wiggler |

1.15

[P}

Ay=7.63cm, L, =4.196 m, Np=55, variable K 2 ol 2 DG S 2 OEN

w ’ LW » NP ! w g 109.02 pm nat. emi.

g L10f 81.32 pm operation emittance m
Ué 14.56 mm operation bunch length
]
’g 1.05 =
3 Fit: Y = Y0 + A X*™"
o :
Q 1.00 - YO =0.77627 £0.00336
8 A =0.17342+0.00344
§ pow = -0.62459 + 0.00912
é 0.95 -
0

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length
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Using Intra-beam Scattering (IBS) to Compensate Emittance

IDs losses simulated with ELEGANT by adding
12 wigglers to the ALS-U v18.127 lattice :

Aw=7.63cm, L, = 4.196 m, Np=55, variable K,

ALS-U v18.127 with 17.8 keV wiggler |
1.15nC - 2 GeV
109.02 pm nat. emi.
81.32 pm operation emittance
14.56 mm operation bunch length

1.05 .

Fit: Y = Y0 + A X™

Y0 =0.77627 = 0.00336

A =0.17342 £ 0.00344

pow = -0.62459 + 0.00912

0.95 T

1.15

1.10

1.00

Emittance/Operation Emittance

1 I 1 I 1 I 1 1 I 1 I 1 I
0.4 0.6 0.8 1.0 1.2 1.4 1.6

Bunch Length/Operation Bunch Length
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Using Intra-beam Scattering (IBS) to Compensate Emittance
IDs losses simulated with ELEGANT by adding

I ! I I I ! I i I T I T I
12 wigglers to the ALS-U v18.127 lattice : sk ALS-U v18.127 with 17.8 keV wiggler |
Ay=7.63cm, L, = 4.196 m, Np=55, variable K e 1.15nC -2 GeV
w ’ LW » NP ! w § 109.02 pm nat. emi.
g L10f 81.32 pm operation emittance m
Ué 14.56 mm operation bunch length
S
’g 1.05 =
8 Fit: Y=Y0+A X"
©) 1.00 YO =0.77627 £0.00336
g A  =0.17342 £ 0.00344
§ pow = -0.62459 + 0.00912
é 0.95 -
/0
1 I 1 I 1 I 1 1 I 1 I 1 I
0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length
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Using Intra-beam Scattering (IBS) to Compensate Emittance

IDs losses simulated with ELEGANT by adding

1.2

1.1

1.0

0.9

Emittance/Operation Emittance

-~

I ! I I I ! I i I i I ! T
12 wigglers to the ALS-U v18.127 lattice : sk ALS-U v18.127 with 17.8 keV wiggler |
Ay=7.63cm, L, = 4.196 m, Np=55, variable K e 1.15nC -2 GeV
w ’ LW » NP ! w g 109.02 pm nat. emi.
g L10f 81.32 pm operation emittance m
Ué 14.56 mm operation bunch length
)
’g 1.05 =
8 Fit: Y=Y0+A X"
©) 1.00 YO =0.77627 £0.00336
g A  =0.17342 £ 0.00344
§ pow = -0.62459 + 0.00912
é 0.95 -
m
1 I 1 I 1 I 1 1 I 1 I 1 I
0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length
' © o ALs-uwvisey 0
1.15nC - 2 GeV - 109.02 pm nat. emi.
81.32 pm operation emittance at full coupling
ID induced losses:|_|
—— 8.8keV
— 17.8 keV
— 35.6keV
—517keV |4
— 71.2keV
1 I 1 I 1 I 1 I 1 I 1 I 1 l
0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length (a
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Using Intra-beam Scattering (IBS) to Compensate Emittance

IDs losses simulated with ELEGANT by adding

1.2

1.1

1.0

0.9

Emittance/Operation Emittance

-~

I ! I I I ! I i I i I ! T
12 wigglers to the ALS-U v18.127 lattice : sk ALS-U v18.127 with 17.8 keV wiggler |
Ay=7.63cm, L, = 4.196 m, Np=55, variable K e 1.15nC -2 GeV
w ’ LW » NP ! w g 109.02 pm nat. emi.
g L10f 81.32 pm operation emittance m
Ué 14.56 mm operation bunch length
S
’g 1.05 =
8 Fit: Y=Y0+A X"
©) 1.00 YO =0.77627 £0.00336
g A  =0.17342 £ 0.00344
§ pow = -0.62459 + 0.00912
é 0.95 -
/0
1 I 1 I 1 I 1 1 I 1 I 1 I
0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length
0 Atsuvigrer ]
1.15nC - 2 GeV - 109.02 pm nat. emi.
81.32 pm operation emittance at full coupling
B ID induced losses:|_|
—— 8.8keV
— 17.8keV
— 35.6keV
—517keV  H
— 71.2keV
N T————
- \\\
e —
1 1 I I 1 I 1 I 1 I 1 l
0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length (a
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Using Intra-beam Scattering (IBS) to Compensate Emittance

IDs losses simulated with ELEGANT by adding
12 wigglers to the ALS-U v18.127 lattice :
Aw=7.63cm, L, = 4.196 m, Np=55, variable K,

1.2

1.1

1.0

0.9

0
3]
g
s

=
E

m
g
]

=
<
S
)
o

o

"
)
3]
g
S

=
g

m

-~

0.8

BERKELEY LAB

- ALS-Uv1S8.127
1.15nC - 2 GeV - 109.02 pm nat. emi.
81.32 pm operation emittance at full coupling

ID induced losses:|_|
— 8.8keV
— 17.8keV
— 35.6keV
— 51.7keV

\\\\—7&
S

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length

F. Sannibale — IPAC18, Vancouver, BC Canada, May 2, 2018

Emittance/Operation Emittance

.15

1.05

1.00

0.95

Bunch shortening compensation factor

ALS-U v18.127 with 17.8 keV wiggler |
1.15nC - 2 GeV
109.02 pm nat. emi.
81.32 pm operation emittance 7
14.56 mm operation bunch length

Fit: Y = Y0 + A X™
YO =0.77627 +0.00336

A =0.17342 + 0.00344
pow = -0.62459 = 0.00912

0.4 0.6 0.8 1.0 1.2 1.4 1.6
Bunch Length/Operation Bunch Length

1.0

09}

0.8

0.7

0.6

0.5

04}

| " ALS-UvI8.127
1.15nC - 2 GeV - 109.02 pm nat. emi. |
81.32 pm operation emittance at full coupling

-(b X
Fit: Y=Y0+A¢e¢ (o)

Y0 =0.25924+0.0147 .
A =0.73631£0.0139

b =0.03302+0.00166 keV '
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Using Intra-beam Scattering (IBS) to Compensate Emittance

IDs losses simulated with ELEGANT by adding
12 wigglers to the ALS-U v18.127 lattice :

Aw=7.63cm, L, = 4.196 m, Np=55, variable K,

ALS-U v18.127 with 17.8 keV wiggler |
1.15nC - 2 GeV
109.02 pm nat. emi.
1.10 - 81.32 pm operation emittance m
14.56 mm operation bunch length

1.05 .

Fit: Y = Y0 + A X™

Y0 =0.77627 = 0.00336
A =0.17342 £ 0.00344
pow = -0.62459 = 0.00912

0.95 T

.15

Example: Wigglers tuned for ~ 18 keV losses.
Emittance decreases to ~95% of the no ID

value if the bunch length is not changed.

To reestablish the emittance to the original value
the bunch must be shortened to ~ 66% of the no
ID value (using the harmonic cavities). T T

. : : | 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Lifetime will be also reduced by the same factor! Bunch Length/Operation Bunch Length

1.00

Emittance/Operation Emittance

" ALS-UVIS.127

o T~ T T T T T T T
1.15 nC - 2 GeV - 109.02 pm nat. emi. L neL i)

1.2
1.15nC - 2 GeV - 109.02 pm nat. emi.

81.32 pm operation emittance at fu.ll coupling 09 81.32 pm operation emittance at full coupling
L ID induced losses:|_|
: —— 88keV 0.8+ b X) |
— 178 keV Fit Y=Y0+Ae
— 356keV 071 YO =0.25924+0.0147 -
1.0 — LIV A =0.73631+0.0139

b =0.03302+0.00166 keV '

Emittance/Operation Emittance

Bunch shortening compensation factor

— 712 keV
N TT———— er
09
\\\ o5k
\\
sl \_ 0.4}
1 1 | 1 | 1 | 1 | 1 | 1 | | L | L | ! | 1 1 1
04 0.6 0.8 1.0 1.2 1.4 1.6 0 10 20 30 40 50 60 70
s 'ﬂ Bunch Length/Operation Bunch Length IDs Energy Loss [keV] "‘
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Final Considerations
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Final Considerations

* In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.
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Final Considerations

* In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.

» |D gaps variations during user operation generate significant emittance
variations that ultimately translate on electron and photon beam size variations.
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Fmal Considerations

In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.
» |D gaps variations during user operation generate significant emittance
variations that ultimately translate on electron and photon beam size variations.
« Such variations can negatively affect some of the users’ experiments and
should be preferably compensated.
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Fmal Considerations

In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.

» |D gaps variations during user operation generate significant emittance
variations that ultimately translate on electron and photon beam size variations.

« Such variations can negatively affect some of the users’ experiments and
should be preferably compensated.

« Several compensation schemes with their respective pros and cons were
presented and discussed. Including:
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Flnal Considerations

In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.

» |D gaps variations during user operation generate significant emittance
variations that ultimately translate on electron and photon beam size variations.

« Such variations can negatively affect some of the users’ experiments and
should be preferably compensated.

« Several compensation schemes with their respective pros and cons were
presented and discussed. Including:

« Avariable gap wiggler can maintain a constant operation emittance but it
requires a dedicated wiggler.
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Flnal Considerations

In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.

» |D gaps variations during user operation generate significant emittance
variations that ultimately translate on electron and photon beam size variations.

« Such variations can negatively affect some of the users’ experiments and
should be preferably compensated.
« Several compensation schemes with their respective pros and cons were
presented and discussed. Including:
« Avariable gap wiggler can maintain a constant operation emittance but it
requires a dedicated wiggler.
« Adispersion bump in a fixed gap wiggler does not require a dedicated

wiggler but requires knobs for the bump control, significant size bumps,
and could affect beam dynamics.
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Flnal Considerations

In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.

» |D gaps variations during user operation generate significant emittance
variations that ultimately translate on electron and photon beam size variations.

« Such variations can negatively affect some of the users’ experiments and
should be preferably compensated.

« Several compensation schemes with their respective pros and cons were
presented and discussed. Including:

« Avariable gap wiggler can maintain a constant operation emittance but it
requires a dedicated wiggler.

« Adispersion bump in a fixed gap wiggler does not require a dedicated
wiggler but requires knobs for the bump control, significant size bumps,
and could affect beam dynamics.

« Small electron beam momentum variations could be used but they move
dipole source points, shift photon energy and potentially challenges the ring
dynamic aperture.

"
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Flnal Considerations

In presently proposed/built low emittance MBA lattices, insertion device and
bend magnet radiation losses are now comparable.

» |D gaps variations during user operation generate significant emittance
variations that ultimately translate on electron and photon beam size variations.

« Such variations can negatively affect some of the users’ experiments and
should be preferably compensated.

« Several compensation schemes with their respective pros and cons were
presented and discussed. Including:

« Avariable gap wiggler can maintain a constant operation emittance but it
requires a dedicated wiggler.

« Adispersion bump in a fixed gap wiggler does not require a dedicated
wiggler but requires knobs for the bump control, significant size bumps,
and could affect beam dynamics.

« Small electron beam momentum variations could be used but they move
dipole source points, shift photon energy and potentially challenges the ring
dynamic aperture.

« Control by IBS requires significant bunch length shortening using harmonic
cavities, affecting lifetime and stressing cavity tuning control.
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