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Keep Enemies Closer
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To More Serious Things

Superconducting
cavities (HER)

Belle detector

Machine Parameters

ARES copper HER LER
cavities (HER) Energy 8 GeV 3.5 GeV
Beam Current 1.662 A 1.34 A
A Number of Bunches 1388 1388
i > 4 Bunch Current 1.2 mA 0.965 mA
= TRISTAN Betatron Tune 45.505/43.534 | 44.509/41.565
runnel Beta Function IP 59/0.65 cm 56/0.59 cm
Bunch Spacing 2.1 m (7 nS)
Bunch Length 6 mm
Rel iy, | RF & Crab Frequency 508.88 Mhz

Linac
e+ target

Estimated oy* ~2um

Courtesy K. Oide



Crossing Angle (22 mrad)

Centimeters

KEKB Interaction Region

30—

Simple IR Design

20

No bend for incoming beam

10

Solenoid compensation for smaller 3

—10f Smaller bunch spacing (e-cloud)

Parasitic interactions ??
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Crossing angle induces z-dependent dispersion at IP

C =0xlz

e Geometric luminosity reduction (~ 20%)

 Max achievable BB parameter due x-z coupling (~ factor of 2 smaller)

Courtesy K. Oide



BB Parameter
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« Max §y with 22mrad crossing angle ~ 0.05

. §y 2 0.1 with crab cavities (SS & WS Sim)

* Crab phase tol ~ 0.1 deg (Not Difficult!!)

Luminosity degradation due to

vertical diffusion induced by crossing angle

Ohmi et al., Phys. Rev. ST Accel. Beams 7, 104401 (2004)



Crab Cavity & RF




Cavity & Components

. Input coupler Frequency Tunin.
Top View 7 P P neny TS
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Frequency Tuning: Coax-Coupler (adjust Long. & Hor)

Courtesy K. Akai, K. Hosayama et al.



Cavity #1 Performance

Design Esp

without coaxial coupler
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Esp [MV/m] Similar for Cavity #2

Courtesy K. Hosayama et al.



Cavity Ins’ralla’rlon
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3

Coax Tuning Mechanism

They are doing the work, | am just posing for the camera

KEKB Tunnel Patrol



RF Power & Detuning

RF Power (kW)

400

(Beam current = 2A)

V=2MV (dx=0mm)

Q ~2x10°
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Growth rate (1/5)

Growth rate. Coupled Bunch Instabilities

Instability due to the crabbing mode
10° (LER 2A)
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Detuning frequency (kHz)

100

K. Akai

50

-50

(22150p) a[5ire Summy,

- Frequency is parked far away from 2F

* Bunch by bunch feedback to cure CBI

Courtesy K. Akai




RF Control & Feedback

HER Low Level RF Control
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Tuner Response

Commissioning for HER Crab Cavity (*07/2/10)
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Commissioning for LER Crab Cavity (*07/2/10)

Commissioning for LER Crab Cavity (°07/2/10)
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Improvement

Commissioning for LER Crab Cavity (*07/2/13)

Commissioning for LER Crab Cavity (*07/2/13)
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« Extra support to the tuning plate with special clamps improved phase stability

Courtesy N. Yamamoto



RF Conditioning
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Crab Cavity with Beam




Approx Chronology

« Feb 13 -18:

« Mornings: High power RF conditioning (1.6MV/1.4MV CW)
« Evenings: Beam with Detuned Cavity

« 2 Modes — 30mA, 30 bunches/Multi-bunch
« BPM Calibration, Orbit, Optics, Coupling & Dispersion

« Cavity Field Center, RF Phase..

« Feb 19 — Present: Beam with Crab On
« Some gradient degradation observed (1.4MV/1.1MV CW)
- Optics (B increased), Dispersion & Coupling Correction, Crab Orbit Feedback
« Collision Tuning
e Low Currents (~30 mA with 30 Bunches)
. IR Scan (BB Kick, o Coupling, n, Waist...)




First Beam Test with Crab “‘ON'D (2/19)
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Cavity Field Center

Field Center Search for HER Crab Cavity Field Center Search for LER Crab Cavity
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Crab Cavity Phase Scan
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« Zero crossing & sign of the slope not known

« 21T phase scan vs. relative orbit deviation

Courtesy Commissioning Group



Streak Camera

4=
O
Q
©
—
O

Courtesy H. lkeda, H. Koiso



First Beam Test with Crab Crossingl (2/21)
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Commissioning for HER Crab Cavity (’07/2/21)
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Phase Stability during Beam Test
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Phase Noise Spectrum

E pan 3MHz Span 200 kHz | Span 200 Hz

No significant sidebands seen. Sideband peaks at 32kHz, 64kHz. Sideband peaks
Phase error < £ 0.01 deg (fast) at 32, 37, 46, 50, 100 Hz.

Phase error < £ 0.07 deg (slow)

Some of the peaks are also found
in the reference line.
(upstream of the crab station)

Use this spectrum for LHC simulations ?

Courtesy K. Akai



Machine & Collision Tuning




BPM Gain (450 Dual Plane BPM)
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» Use combinations of 3 electrodes to determine position
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Courtesy M. Tejima



BPM Offset: Quad Modulation

B Fle Edit Window
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Courtesy H. Koiso et al.



Online Optics Model

B} Fle Edit Settings Window

KEKB HER Optics:

Ring

Tune Adjust

T @ Crah Cav. {m})
Av @IP-Crab
B.@Crab Cav. (m)
Aoy, @ Nikko
4, @ Nikko

Bae, mase @ Mikleo R{m)
B, mas @ Mikko R{m)
By, mazxe@RF R(mM)
By, max@RF R{m)
Bae, maz @ RF L{m)
By, max@RF L{M)
Bie, maze @ Mikko L{m)
By, mas @ Mikko L{m)
B, max QY3 (M)
By mas® QY3 (M)

katch

Back

Save

Dynamic Aperture

Convergence = 1.855856

Display CRAB

Poincare Map Magnet

Setup CRAE Matching

02/20/2007 13:49:09 Help

Wy = 4451359 w, = 41.57017
By = -56000m (3, - .00590 m

BCrab 200m

2007/02/20FEBO7A
IR HNormal Cell RF CRAB Chromaticity
T

B.827E-11 0oooo

11.25000 11.25000
300.00000 Z00.00001

3.47035 3.47035

JF.4254 3.42541

59.99665 s0.00000
123.22793 s0.00000

63.59665 60.00000

65.20906 B0.00000

67.94521 60.00000

46.44430 B0.00000

59.996635 B0.00000
123.22793 S0.00000

11.43933 45.00000

F70.53508 7F0O.00000

with Suppresser

History

Optics

« SAD based online optics

« Easily change Q{Xy}, B

{xy}’

Z3akAD

Base Lattice:

(Tk interface)

S

{x.y}

 Re-Match and send to power supplies

Courtesy K. Oide, H. Koiso



Tune Measurement

WS ch o

O2ALS52007 01 00 59

ENE File Edit Settings wWindowss 02152007 0L 00 59 Help - Setting= Help —
HER H Tune <44.5280 LEFR H Tune A5.5200 :
E..L E £ h T F d b k
| — - o= ne reedpac
75'1 5'2 SIS_'_unle 5:5 5'5 75'7 =) =) =] ,5_1'_un,e52 53 5 ==
Thres(dBE) _=c Thres{dE) ==
Tune (._.;w&up) : N={=T=] _5-72 Tune (LowvsStngped so= s1=
B_C. (o .1 3 BoC- Gy 1o -=
it Center ooooo it Center —=-3E-
HER W Tunce A41.574a8 LER W Tune “43.5609
i —— ] E .
== == =7 _'§3ne ==l =] 51 5 ,SBTune 58 =3
Thres(dE) == Thres{dEB) E=1=1
WA th MalsFd oo a1 WAt -oo0= [mlmiy] o=
Tune (Lo S SAaT N=hN=] Tune (Lowalip) S== =R E=1
B_oC. (S 1.1 =) B_C. A 1o =
it Center .OoOooO;O it Center Ooooo
rMeasure H = = rMeasure H = =
n ] lf u
I — Luminosity & Lifetime Vs. Tune serasonr 201595 el =
— 400 400
1000 = 1000 =
. . __soof __soof
= a0k = 800k = =
E‘ GO0~ E‘ GO0~ IEIEUU - IEIEDIII—
2 - ho - £ 2
S o4o0f : o S o400f- - - . Sk
a0 N It LY, 200 o L
R e o e cEa .
il 1 » |= 18- | 18 |
= 1.4 = 14+ = 14 = 14
W oW oW oW oW
2212 221z 22120 NS 22120 B
= = E E
S = S ] S 1
| 1 | 1+ ] | —1
- b v
gL -'i S PP TSN I 0 A YT - 8L i = L g
o082 .a54 5543 355 5555 536 456D Al 5102 atlod 5106 596 5965
LER H Tune fitted LER % Tune fitted HER H Tune fitted HER % Tune fitted
Tune scan
’7 Tune Scan Start | Pause | Drop 1/2 | Scan in progress. LER current {min) 10 (max) 9400 HER current {min) 10 (max) 4300 HMsigmaX Ijl Nsigma¥ 3

Hard Copy

=)

4

Courtesy KEKB AP Group



Tune (Freq Sweep)

Bi Hie Edit Command Window

LER TUNE
"t 45,5217 43,5994
Ib{mA) gE_S Life{min} 0

—-100F
g E
3-105;
S-110F
=1 o
E-115

Y
ERE:

Amplitude{dBm)

Vertical Tune

Measure m GTUNE ON

Power -31, » Threashold -105, €5
Tune(H) 0.5154 €5 Att(H) 15, b
Tune(V) 0,5324 € Att(¥) 12, €0

TKADJ -97.24 dBm RF: 0K  RF measure

[» Set Tune
Hard Copy

Tt 44,5273
Ib{mA) 2?04

03/02/2007 14:33:18  Help «

HER TUNE Running
41.5997
Life{min) 464

JAll Bunches

Vertical Tune

m Stop GTUNE ON

Power -2, +}» Threashold -105.
Tune(H) 0.5191 5 Att(H) 14,4
Tune(V) 0.6019 <3 Att(Y) 1+

TKADJ | -107.21 dBm RF:  OK  RF measure

Courtesy KEKB AP Group



Optics Correction

BE Ale Edit Window

wH, vy etc.

Dispersion

LER

IR [} function  Global [ function

Orbit: BETARAW 02_13_2007_22:54:45

¥-¥ coupling

Optics: 20070211 3/BetalZ_13_ 2007 _2Z2:48:521

02/13/2007 22:55:28

WXt 4585162, vy @ 43.5503 |

ment.

ARE:

GO FIT
Correction

Main | Weight

M Guad.

Qinj.

Virtual Fudge
W Beta

Heuristic

Tolerance:
Damping factor:

fudge saved to the file "QFUDGE_02_13_2007_22:55:26"

6 Correctors:

CALC

Ft residual HAV[um]:

Ft convergence HMV:

B 607.8/ 6,717
LOEBS/ L1021 -3
Ap @ | L0BB0/ 08B0 >
Ao -4 E-4/ L0022 -> -1,E-4/-1.E-4
1.0000E-8

MISC

Convergence Tolerance:

Use OctoPos

Help ~

F00m

2E-4 Horizontal | Vertical Config
1E-4
- £ M HMeasure M Eipolar Modify
Lima ™ W Steering 1: ZHGFRFZ
oE-a W Steering 2: ZHRFRPE
M Steering 3: ZHGEWIPE
M Steering ZHEWENP
M Steering 3: ZHEFWMNPS
M Steering 6: ZHEWENPE
Kick angle [mrad]: .040
dp/p0: 0.0000000{ 0.0Hz)

1.4217/ 1.7367

READ

Monitor

Correction/Fudge
M Beta M Phase

3% Bump

Quadrupole Fudge
W QCS W QCZ W QD3

W Keep [-1] condition

Misc

Keep waist

Mover

QF4

M Delta Phase

Weighting Option
M Off Momentum

SET

LOAD

4.04E-8/4,1E-11
39.536/ 0,541
L0416/ 0BBE
LOB87S L0836

Response Matrix + QUAD Circuits

~ 3-4% Beta-Beta

~ 0.04 deg Phase-Beat

xik:fkcos(n-v_|ui_uj|)EF<i’ 61‘) IJ,-, fk: I'lk)

Least Squares Minimize:

i

X.

1

2
k_Fkick>

Courtesy A. Morita



X-Y Coupling

BEi ble Edit Window
wH oy eto. Dispersion IR [ function Global 3 function X-% coupling

XYCPL_02_13_2007_23:11:25

wx oo A4.5144,

T T ole T 1
Mo Mm - & M VYA
wu od W
) . | % . .

™~ o ﬁ_a HW" & WD

.o

HKick 11812 H Kick 9&10 H Kick 7&6 H Kick 3% H Kick 3&1 H Kick 182  bump (mm)

I I
-1500 -1000 -500 o

I
S00 1000 1500

oo e el P s === oo
I P e Tt o £ LT o S I e ot T}t TEA b T
f e A AT S e e e T M T o [ e o P v, T e e S e )
e i AN ey P ot e e g e W oy o T e RO S et v e S Loy ot B e S S S e
f S o T T Fom P T, e o
Ry el i e i g T ey i M S L e S L e e e i e L e S U S G S
[ e NS R S e R S e i e e P T o AR S A e e e, M L e R M S
I T T 1o T T T P P R R R R T e S o

== T == [ m i e

] Enl m m m

fudge saved to the file "QKFUDGE_DZ_13_2007_23:12:11"

02/12/2007 23:12:11  Help -

Wy o 41.5693 M Use OctoPos Foom
Measurement
Modify
1-6 712
M Steering H1: |ZHQAEBLE
M Steering HZ2: ZHGQMN4E1
M Steering H3: |ZHQZ4E
M Steering HA: | ZHQMAE
M Steering H5: ZHQY4EZ
M Steering H6: |ZHGQMNAEZ

Kick angle [mrad]: 040

BPM average Mo.:

Ayl [Lan]: 17.8 —» 15.9
Ay? [um]: 1.6 —> 15.%
Ay3 [um]: 16.8 —> 13.8
Ay [Lan]: 12.9 —» 12.0
AyS [um]: 10.2 —> 7.5
AyB [um]: 7.9 - 5.2
AT [Lan]: 7.5 —> F.0
Ay8 [um]: 11.2 —  =2.8
Ay9 [um]: 13.2 —» 12.0
Lyl10 [Lm]: 15.6 —>  15.0
Ay11 [um]: 17.2 —> 16.0
Ayl2 [um]: 17.7 -+ 17.4
Average Ay [um]: 14.0 -> 12.3

Display =
{R1, RZ, R3, R4} & IP =
{.0049, -.0021, -.1558, .5365}

GO READ RECALL

Correction
H Use skew

Use QCS skewr
Skewr weight: 1
Tolerance: .0s
Damping factor: 1

Guess Damping Factor

cAaLC SET

Observe vertical leakage from horizontal steering magnets (reduce sy)

Correct:

* IR skew quads LER (8), HER (12) (local IR correction)

* Symmetric vertical bumps @SD sextupoles

AY s <20pm

Courtesy A. Morita



Dispersion Correction

Bl Fle Edit Window 02/13/2007 23:15:38 Help «
HER wx: 445148, vy : 41.5696 W Use OctoPos Zoom

WX,y etc. Dispersion IR [3 function Global 3 function | X-¥ coupling

DISP_0Z_13_2007_23:13:15 Control
Lower frequency [Hz]: -100
Upper frequency [Hz]: 100
AT per step [Hz]: 50
BPM average Mo.: Z
— GO READ
EE Result.
E— g A1 threshold [m]: 1
EE ATy [mim]: 15,9 -> 13.5
. Aty [rmn]: 11,0 > 8.2
E 0 Tae™ Iim]: 3.0 - 1.4 .
£ o T* e 3.5 > -l T I I .
< Typically:
Ty [mrad]: 2.7 -» 1.1

=1
o

Display H/Y together

= Ang, ,,<20m

Any(m)

=1
o

Horizontal: A u] Use
Vertical: .05 1 M Use

Guess Damping Factor (W)

T]xsny(m)

CALC SET

Allow CCC to change freq. A n
.

y)<1mm

R NS BN S M 8 s e NN O U e s M L ]
B S et ]
22 T == feans = = i
dispersion saved to DISP_DZ_13_2007_23:13:15 =

Measure using RF radial loop method

Correct:
o Asymmetric X&Y bumps @SF & SD sextupoles

Courtesy A. Morita



Closed Orbit Correction

B FHle Edit Measurement Correction Steering Orbit Window

HER Orbit Correction

Correction Off .

27.295 mA

02/15/2007 01:20:48 Help -

dpipd  -2.7038E-06

Changing RF freq.  measured  02/15/2007 01:20:43
T T

1.3 J ! DX {ave.,rms} (mm)
mea {-.05, .762}
m-r {.082, 1.284
w E . % a2l a i m-g {-.002, .197}
O E Loy ; :
= 5 E
-1 _ _; DY {ave.,ms} (mm)
B e ] B ] e S L cope ey =) mea{-.084, 971}
18 t T 4 m-r{-.181, 1.613}
oF m-g {.003, .019}
L pooeeey + : ; : + + pooeeey + ; : } + ; ey ; : + + + 4 fnnny ;
2E \
= '3 I é}mp
- E E
o g U ~ - v 1 ®=PR)-(0.0)
—-1F = (¥.PY)=(0,0)
e 4 cCrab Bump=-.764
4 Size Bump=0
Damping H=8
Damping V=5
GOLD_0Z_15_ 2007 _D0:59:29° range | DX Auto % Fx (1.5) A ¥ | DY Auto % Fix (3) A Y Replot
% Ring -T- T-N -H- H-F -F- F-O -0- oO-T @ BPMx @BPMy
mea sta ref m-r s-r W cal gold & m-g mea-> ref | gold | Save mea | ref | m-r | gold | Clear Stat. | Standard Size
=7 Correction Panel
Conditions R Orhit Option
Measure M IF kick iBump Damper
mea mea-ref & mea-gold ) T, a
i i Set Correctors BPM NG: 005 30 | Weight(H) ping
M Horizontal M Vertical B t val o
Weight(V) 30 || (eurrent value 0)
Damping Factor {H) a Use NG BPMs Crah
SVD | MICADO | SVD Obt Set Crab Phase FB
{H, CIM) .3 || Recall -= —
Tolerance (H) 03 . Synch Set IP Position Gain 1
. Damping Factor (V) mea | ref | gold W Adjust Kick Fix IP Position .
Tolerance (V) 01 V. CIM 3 ] Crab Kick H
Z 48 ) : Factor 1 Momentum Corrretion || Weight 100 Weight(H) 1
VIS (s 1 Damp Fact. (Adj K) 1 W Use ZHQEA" Cloar Sive FB Record g
i ear Size ecords i
normal ¢ fast Read iBump Files Reject QFE* _Crah Kick v
— Forget Old Bumps Adjust Leng Clear Inhibit Flags Weight (V) 1
W, : . .
w A1.51425 A44.527418 Set Ref. Steer. Variable Weight CCC Interval 4
Yy 41.58285 41.58000 41.58285 Correction Show uncorr. iBump || | thres. mA N
W Display Results M Adjust Circumference
=

Correction ~every 10 sec

Crab Phase Scan

Courtesy H. Koiso



Crab Orbit Feedback

o l:l :_I Ll I T T T T T T 1 T I T T _:
e £ T ]
EI -_5 = ¥ e ""'__-_""_______' T T e e B ey e e R e e o L e P T R BT e e T e =]
= - =
e 1
= = =
[ -1.5 = —
) = 2
T o o]
;I 1 t 1 1 1 1 I 1 } ! 1 ! 1 1 1 ;
3 ;
E-25E ~3
- = =
s -3 —
£ E 3
S -3.5F— 3
B o =
-45 E_l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _E
Zhasmps 4Qm 45m
£ 852007
Time
HER Orbit Correction 31428 mA CONBESD 8 .
» i i : . i i : . i : . : maasur?ﬂ lll.fDa.J?_Dui !1'59 e .
2 L) =
| ) \ =
E E 1] ++d & -Beobe ootk et & i TS * I‘.—H'-.'.". L : i e —ibee 4 $od i —oel- Fese F el
=
-3 I i i i 1 i i . | i 3 i | -
I :
-5 .
it i t } }
L 43
| =
EEE eHed-d Bgp® Dh—BEb s b oy Flg— B &t B BB l»-l*«.—'_-.l = b SRS g bR Bps ml-'...l...bt;
S E
-BE =
1= — | [ — | =+ ]
4 =
-‘EEIG B0O0 Too go0 =101 1000

.ﬁﬁé _E%i;ii:i ﬁﬁ%ﬁﬁﬁg §§ ; .i ? E 3

R g g

~Crab OrbitFB Monitor

H target - -5
- 5074224571139
- 00461886307224

H rneasure

H meas - target

Hmeasure FiMS |.01008171458387E

HEFR Convergence : NG

' -1.7
-4.4795476474149
L meas - target  -2.7795478474149
L measure AMS  |5.881764197001E-
LER Convergence : NG

L targget

L reasure

Drop 152

-Crab DrhltFE Status-

L FB: Mot OM

020572007 02:47 34

4 correctors for each ring
1 Hz correction feedback

Much faster than CCC

Courtesy M. Mazuzawa, Y. Funakoshi



Beam Size Optimization & SR Monitor

T T T T 3
I | I | | | 3
I 1 I ! I ol = E
W o e e I G S I .
. E L - - -3
§ e~ o v . ™ N .-
= E -, g - - » E .,
B 62 e e o —Ha1 =
T E ke = . e Ha0 E
L Sl I N L ey o L o 1 .
38— i +—+—1 ]t —t—t— 3
= 36 :_ /f"-_‘_ _:
§. E — g o 3
&= a4 G - —3
R S . - E
F=E 3z e il =
w o e R e, E
E .-— 3
El . MR I " I e o LR |
= | E—————— a—u_ I | | | B (el
= “‘H -] ] =
g g = 5
e} T B £
=18 e —%t B
=] | I I I [—t—t— 3 =
- T 1 T T et =
g - -3
2 e E
= i - *. - —
B . g o =
E 1 v o i 1l i i s S o 1 oo @ 1 i
15h0gMz0®  pgMac® os™po® oshzo® os™4n® os"oo®
= qssC r T T T 1 T r T T T
L=} X ® E
= = e ] A
“ - - - =1 3
2: 1.5 LI ] g_ 2 '; o g L
{ -e 4 5 L " E
-si: 145k + g c 4 - g i E
[YH] ™ ad *
=
2 af " SO ., a2 E
8 =] 3 3
_f? 1.ask e A L E 2.5 i -3
A 1 A L 1
B g 1 T = ] 1 2 3

Optimum empirical Ratio of oyLER / cyHER

n, of HER beam controlled by local Horizontal bump in IR

X-Y local coupling is compensated by skew quads or vertical bumps

Beam size measured by SR monitors

GyLEH H GyHER

Bump Height HER (mm)

B Ale Edit Window

HER
Synchrotron
Radiation

Monitor s

02/28/2007 08:46:47
gic, (%)

Help «

Hormal

V. Fit Parameters

5 V. Interferogram
2 T — T ———— 10
= 25t i
;IU- | = .9',
= a2 1r 12
3 ] iy
g0 " 3 sl AR | S
£ a 200 400 600 192 194 196 198 20 202 192 194 1896 1898 20 202
Pixel Current (ma4) Current (ma)
- H. Interferogram H. Fit Parameters H. Beam Size at IP
£ 1f T T T T T () s
E’ a "?3- ] 9‘ € 3380
25 B2 i 3 p
o B g
3. I o g
- ! L Lt Of, Ty r—————————— | 3 SOk L A \ \
£ 00 400 8a0 192 194 196 198 20 202 192 194 {96 198 20 202
Pixel Current (maA) Current (ma)
LER o, (um) o, @ IP (um) 0, @ IP (um) gig, (%)
Synchrotron i s
Radiation 1.1 1
n - LR
Monitor Hormal £ Hormal
5 V. Interferogram
2 T T T iF O _ 34F A e ma
Sak = o F b
PR =13 13 5
St o o = 3
g5 &°r ﬁ—‘m 2,28
) >4 10 1§26k
2 0p . . y o = R -
£ ] 200 400 600 26 v 28 28 30 26 ar 28 29 30
Pixel Current (mA) Current (mA)
— H. Interferogram H. Fit Parameters H. Beam Size at IP
Loas — T 15 : : : 1 ¢y _ 280F : T . —
& = o E 200
& 2k ]
20k =10 =
Fon) = = 3. 240
= o 5 jo .2
W5 = 0= 20
c 50 ] g- X200}
Bl . . Dl . . R - B - . . e .
£ Q 200 400 600 26 27 28 29 30 26 a7 25 29 30
Pixel Current (mA) Current (mA)

Main Application Area

Courtesy KEKB AP Group



IR Orbit Scan

* 12 Local dipole correctors: 4-Hor & 8-Ver
» 4 dedicated BPMs for HER & LER

e Scan orbit to find optimum position with beam-beam

B Fle Edit Yandow 02/17/2007 21:07:46  Help =
Beam Parameters Summary  Beam Beam Scan
i B F — T R R e e R S R T
Scan (Main) | Horizontal Scan (detail) | Vertical Scan (detail - r P » ]
=51 B s s * ]
S S O =
o E - =
Horizontal Scan Vertical Scan Horizontal Scan Control *=1g = o ] - —
k4 Open RF Phase Scan Panel 4 o g * | | 1 | | =
= T T T T T T T T t T T T T T t T t T T T T
£ rf2007 2 17 20 2 2dat yp2007_2 17 20 42 51.dat Vertical iBump Scan Control i f l . I L f G L=
= oAt e = B 2 . =
¥ . . . . g . . " " Bump Height at IP [um}: 0 C e L ) - - 2 e @ » ]
-mF . ] 3 E E
v n ‘., £ 73 R Bump Angle at IP [mrad]: -1 : & T T o - y 3
£-tef R E : 7t E T L) » o = T S8 ]
© ‘e o . 5 8 ¥
o-03F b " v
3 gt :é 85E . 1 | Bump niial Size [um]: 150 } = | — } — + i
£ ., ® 6 E Bump Final Size: [ym] 150 -4 o . L] ol Sl
S sk "t are," . o . | . [ . - - -
o -t slee 1 5 . E - - - ey - - . - -
3 8. . 1 st sy : : . . v dy ¥a Tees
—-06F : B ce 5 = S
s L I :I 1 I § : L I . .I. R | | Bump Step Period [sec]: 1 w00 —
g -150  -100 =50 0 50 o -150 -lﬂq -50 D. 0 100 150 Reverse Scan Direction -
N ROOMPHASE SET [degres] iBump Height [wm] G s A i L S LG e A 0SS M 200 M S R M M A e L N
= Scan Quick Scan Abort E T I I 1 I I i .
Go To it Go To it o ot 8E e LS " ol .
]
it Result Fit Result Steering Monitor 7 = B i .
20072 17_20_2_2.dat ] L LI B B K k
Function = {bbb2z+{1 bbbl Expl{-.5 {1+{~(k*2))) {signax-2) ¢ fman { ZVFALE) (7] 1275621730601 32 [ - 2 I | | | | IC
ChiSquare = .00298 Goodness = .47783 I'mon ( Z¥F3LE) [4] -.28513931517954 o e

T et = it L e S e =t bt
S D13 v polegals Taes v siffals 10T
= -L26872 +/- bbDIE41= - 04050 +/- 00164

Imon (ZVRZLE) [A] 4574782522483
= Imon (ZVFILE)[A]  [3.1915579654742C

I'mon { Z¥FIRE) [A] 1.8659107608255

Lifetime better with a small offset

2l ] Imon (ZVFZRE) [ -77037632162682 _'4 Ei \
b ] Imon (ZVFSRE) [ .13756705762352E i = | | I I
Imon (ZVFARE) o] -05377635865123 -
- ] Imon (ZHFZLE) [A]  -S6BSZGEA304741 Y OffS et

Imon (ZHFILE)[A]  -87547635226510

Beam-Beam Kick [mrad] 8™

-
Wil e e e 3 Imon ( ZHFIREY (] -1.6121348439389 e wU L, MR e B SUONE. R e . ool g . T w ol we
RF Phase of LER [degree] Imon (ZHFZRE)[A] 1513884565740 f f f ! J

Choose & Fit RePiot ReFit Choose & it ReFlot Rehit
Nominal D7{D8) Room Phase -28.1 | sigmax for fit [um] 150
Empirical Comrection Factor 1.5 | AspectRatio Initial for fit 1 I T TR TR sl
Horizontal Offset prm]: 3858073008527 | o [wm] 0 : ' ] & ]
Hotizontal Offset CORRECTED fmm]:  [-58371085142617 | (couping) [%] i 4 < s B e I | e L U m I

(Make LER orhit mave to this direction.) Vertical Offset [um] 0 L B b [
Horizontal Beam Size [mm]: .181082354003767 _ E " ks - * B e E
Horizontal Beam Size CORRECTED [mm)] : |286636531005651 4nE=l_* b BT | | | | | s
-300 -z00 -100 100 zao 300

-Feedback on canonical BB Kick & 6_to target values™™ el

Courtesy Y. Funakoshi, H. Koiso



IR Waist Scan

« Vary IR quadrupole (A¢ ~ 11/2, localized 3 modulation)

 Measure luminosities, lifetime, and beam size

B Fle Edit Window 0@ FAle Edit Window 03/02/2007 10:20:45 Help
Plot Color
1.2 = _i 2 & dark green
100 . E 25— 3 green
2 80/~ _51 EZDE— ¢ E old data
E F —8 _ E E —8 _ Read Old Data
60— 4 Z F_ =
E . 6 & §1 5E —6 F Show Previous
2,0k . j & = -1
2 40 —4 %10_— 4 Swrap curr. & Prev.
- C ] C 4
= 20— ® —z = ] % i Rejection of wrong data
: ] E 3 BR Discri: | 7.00f <&
72| AP AUV AR PRI IS % PO PR AR I 1) 2309—‘--—*-~——%§-——‘--—N-~—‘--—'n-~—‘~—gm i<
\; = o . _’°—SL+“_“ ] Apply to past data
ook - p= T_h"'\j_—..:ﬁgg Delete newest data
g L —; So00 E_ ‘ 3 g Data Rejection
L 7 E . —200 During e- Injection
§ T = 81905 i 5 om
- - E 3 ers
B150(— =3 @ E s ;150::
F E 180 $ s ] Other Scan Start
F . . ] E 3
L —et 170E- &
I S | bl E e e
) E 3J 34— g scan stopped.
Function = (zz3CREzzILH —J4.6 Function = (zz3L B a1 =
—34F- P 2 1o At Data
B F 3 g B 3 1,2 Fit Maximum Luminosity
3.2 — az, w —4.5
g 3: 1 &= EZ.B_— il E Fit Result Lum  |-2.01877
— e -] - — o
& E * \ . - = | 4, = |PtResuitLumG [126482
28 s s gt . Fit Result HSize -3.15431
i PR S "::.::?:!::::!::::!:::?!\.“::'53.6 225 [ Jis Fit Result LSize |8.670707
lepm o : ’ : ’ : : ’ "'523 12— ’ . Fit Result HLife -1.53339
ion = Bl {ZZEI N, 3= ion = B
Function EZSH __lH((JE«{ ] ' . 3 Function EZSHWI IHE (s T it Result Llife - 409958
& F . ezl 8 3
zs E — gt 8 == ze z
g3 F . =z gQ 2@
£ F L] 5 = = =
£ A= ° =P g * H
S ¢ ] = \:\ 1
B =19 .B_— \
SN IR PR U TN B (N RN BRI B PR O T I R I T R BTN ="
25 -2 15 R i 5 1 15 a5 = Y = i 7 oy 0
Function = (7238 ¢2v TRAGea2ir 22 2))) LER Waist (mm) Function = (2238 ¢2E TR 2 HER Waist (mm)
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Conclusions

* Almost 15 yrs of R&D on the idea of crab cavities

Two cavities installed Jan 2007 and successfully crabbed the beam

More tuning needed for luminosity optimization, also increase LERV__ ~1.4 MV

Stability and vacuum issues at high currents ??

Next milestone ~ 200 mA to observe benefits from head-on collision

Need to benchmark Ohmi's Beam-Beam code with HEADTAIL (or others) including

LHC sector map + crab cavity for phase tolerances and such for LHC

KEK-B group enthusiastic about LHC crab proposal, future collaboration foreseen

Many Thanks to K. Oide, K.Ohmi & KEKB Team !!

And Good Bye Japan...




