
Beam Based Measurements for Stochastic Cooling Systems at Fermilab *
Ralph J. Pasquinelli, Valeri Lebedev, Steve Werkema

Fermilab, Batavia, Illinois, USA
Abstract
Improvement of antiproton stacking rates has been pursued for the last twenty years at Fermilab.  The last twelve 
months have been dedicated to improving the model of the Stacktail system.  The production of antiprotons 
encompasses the use of the entire accelerator chain with the exception of the Tevatron.  In the Antiproton Source, 
two storage rings, the Debuncher and Accumulator, are responsible for the accumulation of antiprotons in 
quantities that can exceed 2x10¹², but more routinely, stacks of 5x10¹¹ antiprotons are accumulated before being 
transferred to the Recycler ring.  Since the beginning of this recent enterprise, accumulation rates have increased 
from 2x10¹¹ to greater than 2.3x10¹¹ antiprotons per hour.  A goal of 3x10¹¹ per hour has been established.  
Improvements to the stochastic cooling systems is but a part of this improvement program.  This paper will discuss 
Stacktail system measurements and experienced system limitations.

Figure 5: Top transfer function off resonance, bottom transfer 
function on resonance.  Note significant gain and 180-degree 
phase shift, but there is a linear relationship between the two 
indicating no saturation on resonance.

Figure 1: Stacktail Schottky profile vs. revolution frequency. Red trace 
with freshly injected antiprotons on the injection orbit, purple trace shows 
remnant antiprotons not picked up by the RF system and the resultant 
momentum displacement due to the Stacktail cooling.

Figure 3: Gain profile of the Stacktail with real part of the gain 
function and phase as a function of revolution frequency.

Figure 4: Single Schottky band transfer function measurement.  
Center frequency is at the revolution harmonic, red line marker 
off resonance frequency.  Note 180-degree phase shift along 
with reduced amplitude response.

Figure 6. Top shows the superposition of Schottky signals 
from all longitudinal cooling systems in the Accumulator 
while stacking.  Leg 1,2,3 refers to the Schottky signal 
from each individual pickup of the Stacktail system. Also 
included is the Stacktail longitudinal profile.  Bottom 
shows the Schottky signals normalized to the distribution 
profile.  The dots are the network analyzer transfer function 
measurements at various revolution frequencies.   The 
close agreement indicates the transfer functions are truly 
representative of the system gain, which is most important 
for the computer model.

Figure 7:  Transfer functions as a function of beam revolution 
frequency in the 2-4 GHz system bandwidth.
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16 LOOP ARRAY (BOTTOM)

16 LOOP ARRAY (TOP)

16 LOOP ARRAY (BOTTOM)

16 LOOP ARRAY (TOP)

16 LOOP ARRAY (BOTTOM)

*COLD BOX  ATTACHED
TO TANK, COOLED TO 80º K

*NOTE 3

*NOTE 3

*NOTE 3

*NOTE 3

*NOTE 3

*NOTE 3

*NOTE 3

*NOTE 3

*NOTE 3

*NOTE 3

ENERGY 2
48 PICKUP
-3.8 MEV

ENERGY 3
16 PICKUP
-22.9 MEV

128 PICKUP
(16 X 8)

+15.7 MEV

ENERGY1
TANK A60-1

*COLD BOX , ATTACHED TO TANK, COOLED TO 80º K

H 3/16/98WJMWHOLE SYSTEM REDONE FOR 2-4GHZ
OPERATION, REDRAWN

J

TANK A60-1

TANK A60-4

SP10-PHS

SP09-PHS

SP08-PHS

SP07-PHS

SP04-PHS

SP03-PHS

SP02-PHS

SP01-PHS

SP06-PHS

SP05-PHS

OUT1

OUT2

FERMI-MADE

50 Ω
2W

A:SPTL11

NARDA
27223

500PS

A:SPPA01

GENERAL
uWAVE

MODEL 3462

A:SPPA02

GENERAL
uWAVE

MODEL 3462

TANK A60-2

0.5 DB

0.5 DB

0.5 DB

0.5 DB

0.5 DB

0.5 DB

0.5 DB

0.5 DB

JCA Amp
JCA24-3112

JCA Amp
JCA24-3112

A60 STUBROOM

PLC
CPU CRATE

PLC
EX1 CRATE

Pbar PLC09
PbarH400a9
131.225.134.137

SWITCH MUX
8000-EE-170256

FROM A:S8A110-J3
STDP & CP24 PHASING

Pbar PLC09
PbarH400a9
131.225.134.137

PLC CPU CRATE

1

2

A:S2A602

PLC
EX2 CRATE

Pbar PLC09
PbarH400a9
131.225.134.137

10 DB

30 DB

30 DB

30 DB

1 2

ET
H

ER
N

ET

+28V/1.5A
POWER SUPPLY

POWER ONE
#MAP42-1024

ET
H

ER
N

ET

YL-2097

TRIANGLE
uWAVE

G ~ 35DB

A:SPAL06

MITEQ
AFS4-02000400-15P

+15V/300MA REG
8000-EC-266083

NARDA
4313-2

NOTE 2

NOTE 1

NOTE 2

NOTE 1

*COLD BOX  ATTACHED
TO TANK, COOLED TO 80º K

NARDA
4313-2

'N'
FEEDTHRU
BRACKETS

27.320 NS
1/2" HELIAX

26.830 NS
1/2" HELIAX

ADDED PIN ATT & TROMBONES
FOR 2-4 CDP INPUT

10/10/01WJM

42.442 NS
1/2" HELIAX

27.021 NS
1/2" HELIAX

530 PS
FLEXLINE

1170 PS
FLEXLINE

A60-1

A60-3T1

A60-4

A60-3T2

1067 PS
FLEXLINE

541 PS Cu
HARDLINE

511 PS Cu
HARDLINE

N/SMA
ADAPTER

'N'
BARRELL

1148 PS Cu
HARDLINE

N/SMA
ADAPTER

N/SMA
ADAPTER

339 PS
Cu HARDLINE

N/SMA N/SMA SMA
ELBOW N/SMA

'N'
BARRELL

'N'
BARRELLN/SMASMA

BARRELL

12.573 NS
1/2" HELIAX

LEG #2

LEG #1

54.369 NS
1/2" HELIAX

A60-4

340 PS
Cu HARDLINE

44.405 NS
1/2" HELIAX

A60-3T1

A60-3T2

N/SMA
ADAPTER

PLC HOOKUP DWG
8000-ED-288285

A:PLC09S

Pbar PLC09
PbarH400a9
131.225.134.137

PLC HOOKUP DWG
8000-ED-288285

A:PLC09S

50 Ω
2W

50 Ω
2W

TWT

MADC #30
CHAN. #'S

0 - 15

FROM MEDIUM
LEVEL

ELECTRONICS
8000-EE-170265

AP30 TUBE WATER

AP30 SERVICE BUILDING

BEAM

KICKER TANKS

A:SPTW01

TWO CORE
KICKER TANKS

ARE PLACED HERE
(A30-4 & A30-5)

FROM
WATER

TURBINES
*NOTE 7NOTE 8

NOTE 4

A30
TUNNEL

AP30
SERVICE

BUILDING

 NOTES:
1)  EACH 1 WATT AMPLIFIER HAS A 15V/1.5A REGULATOR (DWG.
      8000-EC-266083).  ITS BUS (A 10C/22 AWG CABLE) HAS ON/OFF
      CONTROL, ON/OFF STATUS, HIGH/LOW VOLTAGE STATUS, AND
      HIGH/LOW CURRENT STATUS.

 2)  EACH TWT HAS A 6.3V FILAMENT REGULATOR (DWG. 8000-EC-
      216702).  ITS BUS TO THEIR POWER SUPPLY CONSISTS OF SIX
      16 AWG/10KV WIRES AND SIX 20 AWG/300V WIRES COVERED
      IN SHIELDED ZIPPER TUBING.

 3)  POWER SENSORS ARE FERMI-MADE.  DRAWING #8000-EC-288140.
      REQUIRED +15V IS FROM TWTPM.

 4)  EACH TWT AND TWT REGULATOR ARE MOUNTED ON A WATER
      COOLED COPPER CHILL PLATE (DWG. 2214-MC-187479).

  5)  TANK FLOW SWITCHES ARE VORTEX TYPE BY UNIVERSAL FLOW
       MONITORS. INC.  COOLPOINT MODEL CP-1/4.

 6)  TWTPM (TRAVELLING WAVE TUBE PROTECTION MONITOR), DWG.
      8000-ED-170660, CABLING TO TWT POWER SUPPLY CONSISTS OF
      THREE RG58 COAX FOR HELIX VOLTAGE MONITOR, HELIX MODULATION,
      AND FAULT INTERLOCK, TWO 10C/22 AWG CABLES TY-RAPPED 
      TOGETHER INTO ONE CONNECTOR FOR REMOTE CONTROL/STATUS.
      THERE ARE ALSO FOUR RG-174 COAX FROM DIODE DETECTORS FOR
      FORWARD/REVERSE POWER PROTECTION AND TWO RG-108 (TWINAX)
      FOR CHILL PLATE (OVERTEMP) FAULTS (SEE NOTE 9 ALSO).

 7)  WATER TURBINE IS ON CEILING IN THE ACCUMULATOR WATER
      RETURN LINE IN A20/A30 TUNNEL SECTION.  IT IS A THERMAL
      DISPERSION TYPE BY FLUID COMPONENTS INTL , MODEL 12-64B-00A3.

 8)  EXTERNAL DATA BUS IS A 50C RIBBON CABLE DAISY-CHAINED
      THRU ALL THE TWTPM's TO TPM.

 9)  CHILL FAULT COMES FROM A N.O. TEMPERATURE SWITCH BY
      ELMWOOD SENSORS, INC. (#3100-56-87L194) SET TO CLOSE  AT
      194 DEGREES FAHRENHEIT, +/-9 DEGREES IF TWT OVERTEMP OCCURS.
      TWTS ALSO HAVE AN INTERNAL TEMP. SWITCH BY MFG. (TELEDYNE).

10) KICKER ASSEMBLIES CONSISTS OF A TELEDYNE SPDT RF SWITCH
      (CS32N6E) FOR FANBACK AND A FERMILAB MADE DIRECTIONAL
      COUPLER/SPLITTER  MOUNTED DIRECTLY ON TANK FLANGE.  DELTA
      KICKER ASSEMBLIES (#2, #3, #14, & #16) CONSIST OF A 30DB 
      COUPLER (CA-1386) BY TRIANGLE MICROWAVE, A FERMI-MADE
      180 DEGREE HYBRID, AND THE TELEDYNE (CS32N6E) SPDT RF
      SWITCH.  HYBRID IS MOUNTED DIRECTLY TO TANK FLANGE.  RF SWITCH 
      TERMINATIONS ARE 50 OHM, 2 WATT.  
      
11) ALL COAX FROM SPLITTER ASSEMBLY TO TROMBONES ARE 1/2"
      HELIAX EXCEPT THE LONGEST FOUR (#13-16) WHICH ARE 7/8".

12) FANBACK SPLITTER ASSEMBLY MOUNTED ON ALUMINUM PLATE
      UPSIDE-DOWN UNDER CABLE TRAY ABOVE TANK A30-10.  ALL
      SPLITTERS ARE BY TRIANGLE MICROWAVE.

13) SEE HIGH LEVEL SAFETY SYSTEM DWG. 8000-ED-266095 FOR MORE INFO.

14) SEE COOLING PERSONNEL OR COOLING BOOK IN AP10 CONTROL ROOM
      FOR CURRENT HYBRID ORIENTATION.

15) TWT POWER SUPPLIES ARE EITHER BY VARIAN, MODEL 01009560-00 OR
      BY LOGIMETRICS, MODEL A610/LS-417

A:SPTH16

A:SPTH15

A:SPTH14

A:SPTH12

A:SPTH11

A:SPTH10

A:SPTH09

A:SPTH08

A:SPTH07

A:SPTH06

A:SPTH05

A:SPTH04

A:SPTH03

A:SPTH02

A:SPTH01

PBAR PLC07
PBARH40092
131.225.134.135

B33R01

uP TWT
PROTECTION

DIAGNOSTICS/
CONTROL

B33R07

WATER TURBINE
NIMBIN CRATE

ED-119597
B31R09

TERM. BOX
EB-216303

TROMBONE CONTROLLER
CRATE 'B'

J1
B33R02

0664.00-ED-70322
8000-EC-266245
8000-EC-266105

MADC #30
CHAN. #'S

16-31

B35R08

CAMAC C190
CRATE 36

SLOT 5

B35R07
CAMAC 057
CRATE 32

SLOT 9

B35R07

A:SPTH31

A:SPTH30

A:SPTH29

A:SPTH28

A:SPTH27

A:SPTH26

A:SPTH25

A:SPTH24

A:SPTH23

A:SPTH22

A:SPTH21

A:SPTH20

A:SPTH19

A:SPTH18

A:SPTH17

A:SPTHD4

A:SPTHD3

A:SPTHD2

A:SPTHD1

A:SPAH12

A:SPAHD3

A:S8A300

A:S6A301

A:S6A303
A30-3

HORIZONTAL

A30-6
VERTICAL

A:SPAHD2

A:SPAHD1

A:SPAHD4

TRIANGLE
YF-2097

A:S6A302

A:S6A304

A:S6A305

A:S6A306

A:S6A307

A:S6A308
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REV
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8/12/92

9/11/92

6/13/94
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CO

N
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10/27/97
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A
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G
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 2-4G

H
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M
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PEN
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A
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PEN
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A
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N
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A
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N
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A
TI

O
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PENETRATIONS

READBACKCONTROL

12345678

123456

123456

123456

123456

123456

123456

123456

50 Ω
2W

2

3

1

4

MERRIMAC

TROMBONE CONTROLLER
CRATE 'A'

J1
B35R07

0664.00-ED-70322
8000-EC-266245
8000-EC-266105

READBACKCONTROL READBACKCONTROL

TROMBONE CONTROLLER
CRATE 'C'

0664.00-ED-70322
8000-EC-266245
8000-EC-266105

MADC #38
CHAN. #'S

50-53

B35R08

TROMBONE
MOTOR
POWER
SUPPLY

B35R07

J1

1W
AVANTEK

APG4004N311 +14 dBm

+16 dBm

+3 dBm

+3 dBm

+3 dBm

+3 dBm

+1 dBm

+1 dBm

+1 dBm

+1 dBm

+1 dBm

+1 dBm

+1 dBm

A30-7
HORIZONTAL

A30-8
VERTICAL

NOTE 5

NOTE 5

A30-1
HORIZONTAL

INNER

OUTER
8 PAIRS

A30-2
VERTICAL

NOTE 5

NOTE 5

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

A30-9
HORIZONTAL

8 PAIRS
UPPER

LOWER

A30-10
VERTICAL

NOTE 5

NOTE 5

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

123456

OUT2

OUT1
FERMI

PETTER

TRIANGLE
YF-2076

MERRIMAC
PD-42-3GA

50 Ω
2W

+15V/0.3A REG
8000-EC-266083

50 Ω
50W

**ALL HYBRIDS ARE FLIPPABLE

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

30DB

A:SPTW02

A:SPTW03

A:SPTW04

A:SPTW05

A:SPTW06

A:SPTW07

A:SPTW08

A:SPTW09

A:SPTW10

A:SPTW11

A:SPTW12

A:SPTW14

A:SPTW15

A:SPTW16

A:SPTW17

A:SPTW18

A:SPTW19

A:SPTW20

A:SPTW21

A:SPTW22

A:SPTW23

A:SPTW24

A:SPTW25

A:SPTW26

A:SPTW27

A:SPTW28

A:SPTW29

A:SPTW30

A:SPTW31

A:SPTWD1

A:SPTWD2

TWT A:SPTWD3

NOTE 9
TWTPM
NOTE 6 NOTE 2

TWT A:SPTWD4

TWT POWER
SUPPLY

NOTE 9

**VARIABLE AMPS
    30DB GAIN MAX
    BY DBS uWAVE
    MODEL DB97-1789
    CONTROL 0-10V

GAIN
EQUALIZATION

PADS (SEE
COOLING

PERSONNEL
FOR VALUES)

GAIN
EQUALIZATION

PADS (SEE COOLING
PERSONNEL FOR

VALUES)

-16 dBm

+3 dBm

+3 dBm

+3 dBm

-18 dBm

-18 dBm

-18 dBm

TRIANGLE
YF-2097

-28 dBm

NARDA TROMBONES
500PS TRAVEL
MODEL 27223

TELEDYNE TWTs
MTE-5052

GAIN ~ 50DB

FERMI 30DB
COUPLERS

*ALL COAX TO
  TUNNEL IS 1/2"
  FOAM HELIAX

1/25/07

TRIANGLE
YF-2076

TRIANGLE
YF-2076

TRIANGLE
YF-2076

TRIANGLE
YF-2076

TRIANGLE
YF-2076

TRIANGLE
YF-2076

TRIANGLE
YF-2076

TRIANGLE
YF-2076

DOWNSTREAM
AMP PLATE

PEN
ETR

A
TIO

N
S

TRIANGLE
CA-1389

PBAR PLC07
PBARH40092

131.225.134.135

ET
H

ER
N

ET

EX3 CRATE

TO ARRA SPLITTER IN A30 STUBROOM
SEE SWITCH MUX DWG 8000-ED-170256

J2 J1

TROMBONE
MOTOR
POWER
SUPPLY

B35R07

B33R02

24V/20A
RAW SUPPLY

EC-266135 EX1 CRATE EX2

+28V/1.5A
POWER SUPPLY

POWER ONE
#MAP42-1024

B33R01

FROM 2-4 GHz
CORE MOMENTUM

HIGH LEVEL
ELECTRONICS
8000-ED-170273

1/2" HELIAX
28.425 NS

0.141"
FLEXLINE
1.893 NS

SP01-FB

SD1A-FB

SP02-FB

SD1B-FB

SP03-FB

SP04-FB

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

INNER

OUTER
8 PAIRS

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

8 PAIRS
UPPER

LOWER

SP05-FB

SD2A-FB

SP06-FB

SD2B-FB

SP07-FB

SP08-FB

SP09-FB

SP10-FB

SP11-FB

SP12-FB

SP13-FB

SP14-FB

SP15-FB

SP16-FB

SP17-FB

SP18-FB

SP19-FB

SP20-FB

SP21-FB

SP22-FB

SP23-FB

SP24-FB

SP25-FB

SP26-FB

SP27-FB

SP28-FB

SD3A-FB

SD3B-FB

SP29-FB

SP30-FB

SP31-FB

CP24-FB

SD4A-FB

SD4B-FB

5/9/02
REM

O
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C
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H
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O
M
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M
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N
A

L

30DB

30DB

NOTE 3

30DB

30DB

3 DB

3 DB
PWR SENSE

PWR SENSE

A:PLC07S

PLC HOOKUP DWG
8000-ED-288286

PLC HOOKUP DWG
8000-ED-288286

FROM CP-1
CALPOINT

FLOW
SWITCH

A:30HFLV

A:301FLV

A:302FLV

A:303FLV

A:306FLV

A:307FLV

A:308FLV

A:309FLV

A:310FLV

NOTE 15
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+/-

+/-

Q
TY

.
REQ

.
ITEM
N

O
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CAMAC C190
CRATE 36

SLOT 5

B35R07
CAMAC C190

CRATE 33
SLOT 20

B35R07
CAMAC 057
CRATE 32

SLOT 8

B35R07
CAMAC 057
CRATE 36

SLOT 7

B35R07

TROMBONE
MOTOR
POWER
SUPPLY

B35R07
B35R08

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

OUT2
(0º)

OUT1
(180º)

FERMI-MADE

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

50 Ω
50W

OUT2
(0º)

OUT1
(180º)
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