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Beam Optics for ATF2 Beamline
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Special Final Focus Optics

_ . to be cancelled the multipole errors
Nominal2.5x1 Optics
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We used some special FF optics
to be cancelled the multipole field errors
in ATF2 final focus beam line.
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Now, we use the nominal FF optics

No significant difference after correction with 4 skew sextupoles.

We switched back to Nominal Optics in October 2012.
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QF1FF Magnet Replacement in November 2012
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with 4 skew sextupole correction

12pole of QF1FF was limited to reduce betax* more.

Therefore, we replaced QF1FF
to the quadrupole magnet used in PEP-II.




IP Beam Size Monitor in ATF2



IP Beam Size Monitor ( Shintake Monitor )
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IP-BSM for ATF2

Laser wave length was changed.

FFTB ; Nd:YAG fundamental mode (1064nm)
ATF2 ; Nd:YAG harmonic doubler ( 532nm)

Add the collision mode
FFTB ATF2

174deg mode 174deg mode
30 deg mode 30 deg mode
2-8deg mode
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FFTB
46.6GeV
A =1064nm

ATF2
1.28 GeV
A =532nm
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S/N ratio of IP-BSM
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Collimator at Dump Bend
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BG source

Since vertical aperture of dump bend
was large BG source,

BG source

P O ST SO T TS ST We put the collimator in the bend chamber.

................

BG level was reduced 1/3 - 1/4.
Then, S/N = 1 for 10x1 optics




Optics dependence of IP-BSM background

Glen’s optics Nominal optics
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Reference cavity at high beta region
affect as a collimator.

Reference cavity was on mover for wake study ( see K.Kubo presentation ).
The position of reference cavity is very sensitive to the IP-BSM BG.

The BG level was reduced by factor 2-3 to optimize the position of reference cavity
after we switched back to nominal optics (S/N = 2-3).
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ATF2 IP-BSM Screen monitor

Old Screen System New Screen System

We have 2 screens. We adjust the laser paths

e 1 for 30 deg. mode both of 30 deg. and 174 deg. modes

* 1 for 174 deg. mode with 1 screen.

30deg. mode  174deg. mode 174deg. mode
30deg. mod
Az < By = 100um ©6- Mode

Top view Top view
Side view Side view

* easy to confirm to collidg electron beam and laser.

e easy to confirm to collide two laser beams.

« difficult to confirm to set same z-position * easy to confirm to set same z-position
for 30deg & 174deg mode. for 30deg & 174deg mode.



Present Problems of ATF2 IP-BSM laser

High Quality Laser System Flash Lamp

Oscillator Amplifier

* The YAG crystal of oscillator and amplifier are same diameter
to keep a good laser profile and spatial coherency of seed laser.

High Power Laser System Flash Lamp
|
(@)
©o
Oscillator Amplifier

* The YAG crystal of amplifier is larger than that of oscillator.

* Seed laser is expanded to inject the main laser amplifier
in order to avoid to a damage from an extremely high laser density in YAG crystal.

* It makes several source points in YAG crystal -> reduce the spatial coherency.

In order to increase S/N, we use a high power type of laser in ATF2 IP-BSM.




2012 February; Maximum modulation was almost 80%.

* The good mode lock condition kept only 1 or 2 weeks.

* The optical components ( viewports and mirrors ) were broken by hot spot of laser.
* We frequently called the laser expert from laser company to tune the laser.

2012 March; Maximum modulation was reduced to almost 60%.

* We expand the laser diameter in the laser amplifier.

We exchanged the mode lock circuit.

We put a half mirror to decrease the laser intensity at viewports.

The good mode lock condition kept several weeks without the laser expert tuning.
The optical components did not have sevire damage.

2012 November ; Maximum modulation was increased to 80-90%.
* The laser diameter in the laser amplifier was back to the original diameter.
* The stable mode lock condition kept without the laser expert tuning.

2013 February; Maximum modulation was decreased to about 70%.
* The flash lamps were changed for their lifetime.
* The laser profile was changed (by thermal lens effect in crystal ?? ).

2013 March (next week); Maximum modulation was increased to above 85%.
* The laser expert tune the laser profile.

The spatial coherency strongly depends on the laser profile.




The week of 2/25 - 3/01
Require to 174deg mode ; > 73%

Date: 2013 03 01
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Max modulation ; 51% 012
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7 i even if the maximum modulation is small.

e LT 'Slfu'.,;;;‘.'f But, it is difficult to evaluate the beam size from IP-BSM modulation.

The week of 3/04 — 3/08

30deg mode (3/6) 30deg mode (3/7)

u— Laser profile tuning ‘ % %
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Max modulation; 66%



Laser

L] O

Laser EXit IP \ —Long Axis

—Short Axis

The laser divergences for horizontal and vertical were different.

The laser profile of vertical and longitudinal plan was rotated at IP.

Vertical and longitudinal profiles

Since the laser focus was checked by measuring the projected beam S )
are the projection of these axis.

size to vertical axis, it is difficult to focus to the laser waist.

The laser overlap for upper and lower path was smaller

ABGH23 50000 | 113

]

than the expectation from laser wire scan in vertical axis. —— 0 120075700
00 wide o |= oas  oamns
2800 Component narrow

component
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Expander Reducer
Laser

i N
L iy Jn @

Laser exit Expander Reducer IP ' —Long Axis
——Short Axis

Put Expander
& Reducer

Vertical and longitudinal profiles
are the projection of these axis.

Shorten the effective
laser path length

(Geaat) IR
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=0t component s
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component
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—— U@

with Cylindrical Lens

Laser exit Expander Reducer

Put Expander
& Reducer

February 2013
Put Cylindrical Lens System

IP

——Long Axis
—Short Axis

Vertical and longitudinal profiles
are the projection of these axis.

Change the aspect ratio of laser.

The focal points for 2 axis were closed.

We are here !
[Grapn]
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Profiling the IP-BSM Laser

1) Put UV filter in between flash lamp and YAG crystal.
The thermal expansion of YAG crystal was suppressed.

FIash Lam
y UV filter
Oscillator I Amplifier

2) Put an iris in laser oscillator.
Laser light in amplifier was centered.

Flash LamE
II Iris I

Oscillator

Amplifier

The laser intensity was reduced to be 75%, but the laser profile was improved so much.

We expect to have a good spatial coherancy in next beam operation




Linear Optics Tuning



Dispersion Correction in Extraction Line

EXT vertical dispersion correction was done with
* QS1X, QS2X sum-knob
* ZVAX, ZV7X, ZV8X local bump

- small orbit change around QF6X, QSs and QKs

— QSs QKS Y Position o 1000
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Vertical Emittance [pm)]
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Coupling Correction in Extraction Line
Coupling correction was not used QKs, but QS1X/QS2X difference knob.

* We could correct only single coupling component (almost <x’y> at IP),
but coupling correction to OTR monitors worked well.

* The amplitude of skew quadrupoles are smaller than QKs correction.
typical strength of QS correction ;o 1-2A
maximum strength of QK correction; more than 10A

* QK magnets are used for coupling knobs at IP.

Beam Emittance measured by XSR (2013/02/19) OTR Emittance Measurement
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The emittance by OTR measurement was still larger than that in DR.




Coupling Knob with QKs ( Extraction Line )

The strength of QK1X, QK2X, QK3X, QK4X are orthogonal
to make <xy>, <x’y>, <xy’>, <x’y’> knobs.

<xy> , the IP position correlation (beam tilt).
<xy’> ; the main coupling source at IP, but can be correct with linear knob .

<x’y’> ; possibility to change the IP divergence.

QK coupling knobs for the beam optics of 2013/02/05.

T e o | s Lo
QK1X  +2.57A -3.60A -2.00A +3.80A
QK2X  +2.79A +2.28A +5.00A +3.68A
QK3X  +5.00A +5.00A -3.14A -3.12A

QK4X -2.43A +3.82A -3.26A +5.00A




x’y’> coupling confirmation

<x’y’> evaluation by QF9FF-X and QD10FF-Y jitter analysis <x'y’> evaluation by IP beam divergence
. (entrance of FF) QK4X scan I Pi: o3
E ijﬁ; T | — Fit results: A(x-B)"2+Cn2
. | | o e
QK4X - +15A * i ¥ "%‘i’i-u . : Y-min: 9.893 +/- 0.000
3 Ty ~ | Chizindf: ~ 4.0993e+09/6
3 , <3001 |
El o QDOFF = 131.069A
E 200~ I .
T e b .| ( over focusing )
QK4X = OA Y 100~ .: . ¢ Data file:
“C -1\0 -I5 | [I’ 5I 1\0 QK4X130315_170431.dat
. QK4X
e The optimum was very close : Optimum was -1A to -2A.
- in between EXT and IP. Okaxsean | mEEEES
QK4X = 'OSA “ s e 200l : . Constant:  1.707 +- 0.000
(Optimum) _ ° | o st
; ~ I * Chi2/ndf: 1.1931e+09/6
= = 5 ézon— » I
: ¥ L) QDOFF = 127.469A
B A | . .
. | under focusin
QK4X = -15A - ©le ( 8)
=E . 1\0 . |5 ! 6 5| 1\0 QK4X130315_172159.dat
E |QK4xX

It was found from the <x’y’> knob test,

* Not only <x’y>, but also <x’y’> are small after the coupling correction of QS difference knob.

* No strong <x’y’> coupling source in FF beam line.



Optics Matching from EXT to IP

The Twiss parameters at the entrance of extraction line was drifted.

Now, the matching to FF was done by changing not matching quadrupoles,
but the quadrupoles in extraction line ( see M.\Woodley’s presentaion) .

* Matching to ax, ay, Bx, By at OTROX.
* Matching to nx=0, nx’=0 at OTROX.
* Matching to (|nx|at QF1X ) = (|nx|at QF6X ).
Extract/on L/ne Optics in 2012 December Extraction Line Optics in 2013 February
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Optics Diagnostics

*We checked the ORM, the orbit response

was good agreement with model without any fudge factors.
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Linear knob ( Linear Optics Correction at IP )

Linear knobs are calculated by changing the positions of FF sexts.

AX for FFsext -> change the alphaX, alphaY, etaX, etaX’

*AX for SF6FF, SF5FF, SD4FF, SF1FF, SDOFF are orthogonal
to make AX, AY, EX, EPX knobs .

*One other free parameter is adjusted to make a large dynamic range of knobs.

AY for FFsext -> change the etay, etaY’, <x’y>

* AY for SF6FF, SF5FF, SD4FF, SF1FF, SDOFF are orthogonal
to make EY, EPY, Coup2 knobs .

*Two other free parameters are adjusted to make a large dynamic range of knobs.

Ca; Effect of beam waist position

( depends on vertical divergence )

Cy; Effect of vertical dispersion
( depends on momentum spread;
basically constant )

%= o+ ( CAAy*+ CPEY + cé Coup2?)

Cc; Effect of coupling ( <x’y>)
( depends on horizontal divergence )



Beam Size Tuning with Linear Knob

Measured Modulation by IP-BSM

M = C cos O exp [—2(ky0')2]

C; Modulation Reduction Factor
(IP-BSM related )

If each knob is not coupled,

M=Ccos 0 exp [-2(ky, % )2 ] Constant for linear knob tuninig
exp [-2(kyCxy Ay)2] Effect of Ay knob
exp [-2(kyCy Ey)F] Effect of Ey knob
exp [-2 (k Cc Coup2)’] Effectof Coup2 knob

We can optimize each knob independently.



Example of Linear Optics Tuning with IP-BSM

* We can optimize each knob by finding the maximum modulation

* Since it is difficult to find the optimum knob setting
only by scanning around peak for IP-BSM stability,
we scan the wide range ( typically +/- 1.5c) for the knob optimization.

Linear Knob Optimization for IP-BSM 30 deg mode

’
Ay knob (beam waist) Ey knob (dispersion) Coup2 knob (<x’y> at IP)
Ay Scan e130206_18520| £ Indt sa30rs/6]  [Ey Scan e130206_17012] £ It 43924815| [ Coup2 Scan e130206_18235| £ It 43223718
modulation 0.6880% 0.02778 modulation 048083 0.02381 modulation 0.63470 0.02500
E Canter 0.22230 0.05519 0.6— Center 0.27328 0.11002 C Canter -0.13688 0.06530
1B % Sigma 1.04028 0.06020 E Sigma 117582 0.12631 o7 % Sigma 1.24024 0.07110
c c o % % C o %
S # o & | S i .
- F - = os
© ¢ S . &% } #
= F -] C - o :—
T ¢ T ©T
O ™ O O of
E 0.3 % % E 0.2— } E E L {
E | | | | | el | F | | | | | | Ll o'L-v_quuuluuuul | Ll | | Loavaal
15 1 -0.5 0 0.5 1 1.5 2
Coup2 Amp





