Recycler TBT lattice study

e TBT data

- Horizontal & vertical planes.
- Injection data

e Lattice function

- Phase advance.
- Beta & alpha functions.

 BPM diagnostics
- RMS
- Calibration

March 24, 2004 RR TBT study



TBT analysis summary

 Lattice function

- Calculated from PA1676.
v'RR60 trombone quads included.

- No skew quads.
- No trim sextupoles.

+ Beta functions

- Good agreement in the vertical plane.
- Big beta wave in the horizontal plane.

+ TBT phase analysis, (BLT style)

- Phase advances.
- TBT RMS.
- Calibration.
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TBT data

Bare tune of the machine (RR_B48325_HORZ2.TBT; 1) 25-MAR-84 B3:36:35 inj. tht data for horz planes 1 amp on HTS84
BPM data R:HP130
Horizontal Vertical T ' ' '
PA1676 25.4333 24.4118 Second order L
254355  24.4091 Aplp = -4.0E-3 e
TBT BPM 0.4150 0.4277 Trombone off -
0.4102 0.4316 Trombone & SQ off B
T Ampl. BPM dat R:HP13@
Schottky 0.4139 0.4301 Trombone off o: 0.4336 b.S6é8  -© = 1
0.4090 0.4340 Trombone & SQ off s T .
15+ ]
(RR_B48325_VERT1.TBT; 1) 25-MAR-84 ©4:85:48 inj. tht data for vert planes 8.6 amp on YT281 ? o 125 .2s .375 .5
4 BPM data R:HP138 4 BPM data R:VYP2B1 Recycler TBT data
2 [ 1 ]
= ” 4
_2 i
-4 . . -4 I L " . 1
8 256 512 768 1024 8 256 si2 768 1024
Tune Ampl. - BPM data R:HP138 Tune Ampl. BEPM data R:VP2O1 Recycler TBT data
9: 9.4355 B8.1688 1% [ - 7 bt 8.3594 @.1833 - 1° T T
as F T J It @.4336 B@.0425 F 1
12k 1 S 4
C.es [ . T .ee L i
“les [ ] - o jk 1
.93 - 1 . 1
a - - : A . ° :
8 .125 .2s .375 .5 8 .185 .25 .375 .5
BPM data R:VP2O1 Recycler TBT data
4 T T T
2 Vx = 0.4336, Vy = 0.3594
-
-4 L L L L
8 256 si2 768 1824
Tune Ampl. BPM data R:¥P2B1 Recycler TBT data
9: ©.3545 0.5611 .6 [ T T W ]
.45 = —
o3 - ]
w [ 4
a5 b i
ol . 1| Vx=0.4355, Vy = 0.3545
8 125 .25 375 .5
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Trim settings

Trim quads
R:QT601
R:QT602
R:QT603
R:QT604
R:QT605
R:QT606
R:QT607
R:QT608
R:QT609

R:QT309
R:QT308
R:QT304
R:QT303

R:SQ408
R:SQ410
R:SQ504
R:SQ506

Trim sextupoles
R:S112
R:S113
R:S119
R:S128
R:S207
R:S330
R:S412
R:S413
R:S419
R:S428
R:S507
R:S630

March 24, 2004

RR Quad Trim @ 601
RR Quad Trim @ 602
RR Quad Trim @ 603
RR Quad Trim @ 604
RR Quad Trim @ 605
RR Quad Trim @ 606
RR Quad Trim @ 607
RR Quad Trim @ 608
RR Quad Trim @ 609

RR Quad Trim @ 309
RR Quad Trim @ 308
RR Quad Trim @ 304
RR Quad Trim @ 303

RR Skew Quad @ 408
RR Skew Quad @ 410
RR Skew Quad @ 504
RR Skew Quad @ 506

RR Sextupole @ 112
RR Sextupole @ 113
RR Sextupole @ 119
RR Sextupole @ 128
RR Sextupole @ 207
RR Sextupole @ 330
RR Sextupole @ 412
RR Sextupole @ 413
RR Sextupole @ 419
RR Sextupole @ 428
RR Sextupole @ 507
RR Sextupole @ 630

D1 file #1035
23-Mar-04
7:59 PM

-0.505
-0.073
0.437
0.051
1.897
0.051
0.437
-0.073
-0.505

[oNeNeNo]

9.082
9.064
2.502
2.502

-1.411
1.081
1.086

-1.411
1.086

-1.411

-1.411

1.08
1.086

-1.411
1.087

-1.417
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D1 file #1041
25-Mar-04
3:45 AM

1.637
-0.306
2.165
0.546
1.394
0.546
2.165
-0.306
1.537

[eoNeNoNe]

© ©

2.5
2.5

-0.031
0.299
0.299

-0.031
0.299

-0.031

-0.031
0.299
0.299

-0.031
0.299

-0.031

D1 file #1047
26-Mar-04
3:47 AM

-0.569 Amps
-0.04 Amps
0.426 Amps

-0.2 Amps
1.997 Amps
-0.2 Amps

0.426 Amps
-0.04 Amps

-0.569 Amps

0 Amps
0 Amps
0 Amps
0 Amps

11.12 Amps

1.1 Amps
3.656 Amps
3.656 Amps

-1.411 Amps
1.0817 Amps
1.086 Amps
-1.411 Amps
1.086 Amps
-1.411 Amps
-1.411 Amps

1.08 Amps
1.086 Amps
-1.411 Amps
1.087 Amps
-1.417 Amps
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Ring-wide horizontal plane BPM data

(RR_B48325_HORZ2.TBT7 1> 25-MAR-B4 B3:36:35 inj. tht data for horz planer, 1 amp on HTSG4

Fit rms: 8.813, Turn# 283
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Ring-wide vertical plane BPM data

(RR_B48325_VERT1.TET; 1> 25-MAR-B4 B4:85:48 inj. tht data for vert plane, B.6 amp on VYT861
Fit rms: 8.83a8, Turn$# 24

15— o L o o o ™ - @ﬁ]@ﬂ]@
a 1&H§U@“§é?51bl @p@p L @ndh [iﬁ [ QED (q%] @neﬂ ) @Eb L Qhutdﬁ - s Gﬂ o

_ o L ' T g ®
= [ ] =1 . L o 80 e .o W@ e =
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Fit rms: a.825, Turn$ 21
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(RR_848325_HORZ2.TET; 1> 25-MAR-84 B3:36:35 inj.

mm)

error

EFPM

Horizontal

.4

Deviation and rms of 688 turns starting at 266
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Horizontal BPM RMS deviations

tht data for horz plane,

1 amp on HTZ284
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Vertical BPM RMS deviations

(RR_B4B325_VERT1.TET; 1> 25-MAR-84 B84:085:48 inj. tht data for vert plane, B.6 amp on YT861

Deviation and rms of 688 turns starting at
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Horizontal plane lattice fucn

(RR_B48325_HORZ2.TBT; 1) 25-MAR-84 B3:36:35 inj. tht data for horz plane, 1 amp on HTS884
Turn#: 208 to 799, R2S/FIT Turn#: 288 to 793, R2S/FIT
150 Beta at R:HP124 Horizontal 100 Alpha at R:HP124 Horizontal
w9 T T T _e T T
128 - -
S8 - -
L p =12} - -
68 - -
38 = -
a 1« a L L
26 38 34 -1.7 -1.6 -1
M
ONPLT= €88 MEAN = ONPLT MEAN = -1.7444
OVRF a SIGMA= OYRFL SIGMA= a.8896
UNDFL= @ UNDFL

March 24, 2004

tion @HP124

?Z22.TBT71)> 25-MAR-84 B3:36:35 inj. tht data for horz plane, 1 amp on HT884

space RBPM
/84 B336:34 29
T

T R:HP124
RR TBT data

Design lattice func
Beta: 35.3425
Alpha: -1.9927

Turn number
Start: 220
Stop : 259

w

Fitted resul

o+

o

RR TBT study
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Vertical plane lattice fucn

tion @VP125

(RR_B48325_VERT1.TBET; 1) 25-MAR-B4 84:85:48 inj.

160

March 24, 2004

Turn#: 20 to 613, R25/FIT

Beta at R:VP125 Yertical
T T T
n L L
37.5 40 42.5 45
MDY
MEAN 37.8513
SIGMA= @.2861

UNDFL= @

RT1.TEBT; 1) 25-MAR-B84 B4:85:48 inj.

tht data for wvert planes

tht data for vert plane, 8.6 amp on ¥T881
Turn#: 20 to 619, R25-/FIT
e Alpha at R:VP125 Vertical
79 T T
60 - 4
45 - -
{ space EBPM
(/B4 B485:47 29
L b T
28 - .
15 — -
L L )
1.7 1.8 1.9 =4
ONPLT= €88 MEAN = 1.9339
OYRFL= 8 SIGMA= @.8118
UNDFL= 8

L

RR TBT study

Cmm )

B.6 amp on YT881

R:VP125
RR TEBT data

Design lattice func

Beta: 38.2940
Alpha: 2.8324

Turn number
Start: 28
Stop : 59

Fitted result
Emitt: @.8655 Pi
Beta: 37.8865 M
Alphat 1.9400
RMS dewu: a.0008

Tune: 8.3558 % 6.6082

10



RR horizontal beta, all houses

(RR_848325_HORZE2.TET; 1) 25-MAR-84 B3:36:35 inj. tht data for horz plane, 1 amp on HTSG4

> (M)

Horizontal Beta func,

-
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Fitted with 25 turns, for turn# from 266 to 27399
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RR vertical beta, all houses

(RR_B48325_YERT1.TET? 1> 25-MAR-B84 B4:85:48 inj. tht data for vert plane, 8.6 amp on ¥T2861
Fitted with 25 turns, for turn# from 28 to 619
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Beta error around the ring

4 Yertical Beta error Mean_DEV= -8.822751, RMS_DEY = 8.847833 R_RING
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Station in Meters
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Beta function around 30 straight

2q Yertical Beta R_RING
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Simulating the observed beta wave

2 I e B e e e i e

A 003

: SA506
—<Exit>

DB device page

*History depth: [15]
reading prev_read

ength [ 45]

Setting prev_set
Amps O 1.537
Amps O -, 306
Amps O 2,165
Amps O . 546
Amps O 1.394
Amps O . 546
Amps O 2,165
Amps O -, 306
Amps O 1.537
Amps O -5
Amps O 5
Amps O -1
Amps O 1.5

22:35 of 45
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Horizontal phase advance from TBT data

T, Tiia Tt Ty, 'f("a'
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Vertical phase advance from TBT data

RRRRRR

RRRRRR

S——
-
T—

TS ——
3

March 24, 2004

RR TBT study

17



BLT style analysis for TBT data

(RR_940325_HORZ2.TBT; 1) 25-MAR-84 B83:36:35 inj. tht data for horz plane,

1 anp on HTS04

(RR_94032S5_VERT1.TBT; 1) 25-MAR-84 B84:05:48 inj.

tht data for vert plane,

8.6 amp on YT801

B R:HP238 . R: VP23
2 — — [
1 — -1
) | — -2
-1
R:HP228 - R:VP2O1
M -1
] -2
-3
-4
R:HP226 4 R:VP129
i 3
2
1
[
R:HP224 - R:vP1227
—1 . 1 . -
-1.5 -
-2 C [}
-2.5 |— -1 —
_3 , L
L ' | —2 L
- A C L
—4 -3
R:HP222 R:VP125
6 Sea
W W
o5 e 1
@ o
z z B
G 4 &g
o @ i
< -
53 — gt
N T i
< =
Te + + + + + -2 + + + + +
200 214 228 242 256 [ 14 28 42 s6
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TBT RMS deviation
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Gain calibration from TBT analysis
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Calibration,

and MI8 style BPMs

Hor vert
MI8 BPM 0.9067 0.8255
RRH BPM 0.9569
RRV BPM 0.9703
0.948 0.851[RR style relative to MI8 style
0.898[RRYV relative to RRH
R:HP602 0.904 R:VP601 0.834
R:HP604 0.904 R:VP603 0.802
R:HP606 0.909 R:VP605 0.812
R:HP608 0.918 R:VP607 0.82
R:HP610 0.917
R:VP301 0
R:HP302A 0.932 R:VP302A 0.939
R:HP302B 0.961 R:VP302B 0.826
R:HP303 0.895 R:VP303 0.838
RR31 R:HP304 0.944 RR31 R:VP304 0.833
RR31 R:HP305B 0.94 RR31 R:VP305B 0.821
RR31 R:HP305C 0.942 RR31 R:VP305C 0.831
RR31 R:HP307C 0.945 RR31 R:VP307C 0.859
R:HP307B 0.963 R:VP307B 0.802
R:HP307A 0.9 R:VP307A 0.828
R:HP308A 0.949 R:VP309 0.939
R:HP310 0.969 R:VP311 0.986
R:HP312 0.965
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