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f 5XQ�,,�/XPLQRVLW\�*RDOV

l 7KH�OXPLQRVLW\�JRDO�IRU�5XQ�,,D�LV���IE��

o 3HDN�OXPLQRVLW\�XS�WR��[�����FP−�VHF−�

o 6ZLWFK�WR�����EXQFKHV�DW��[�����FP−�VHF−�

o /HQJWK�RI�5XQ�,,D�LV�DERXW���\HDUV

l 7KH�OXPLQRVLW\�JRDO�IRU�5XQ�,,D�5XQ�,,E�LV����IE��

o ,QFUHDVH�DQWLSURWRQ�LQWHQVLW\�E\����
o 3HDN�OXPLQRVLW\�XS�WR��[�����FP−�VHF−�

o ����EXQFK�RSHUDWLRQ
o /HQJWK�RI�5XQ�,,E�LV�DERXW���\HDUV



f /XPLQRVLW\�)RUPXOD

7KH�PDMRU�OXPLQRVLW\�OLPLWDWLRQV�DUH
�7KH�QXPEHU�RI�DQWLSURWRQV�����������
�7KH�SURWRQ�EHDP�EULJKWQHVV��1S�εS�
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f /XPLQRVLW\�YV�
$QWLSURWRQ�,QWHQVLW\
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f 5XQ�,,�3DUDPHWHUV

RUN Ib (1993-95)
(6x6)

Run IIa
(36x36)

Run IIa
(140x105)

Run IIb
(140x105)

Protons/bunch 2.3x1011 2.7x1011 2.7x1011 2.7x1011

Antiprotons/bunch* 5.5x1010 3.0x1010 4.0x1010 1.0x1011

Total Antiprotons 3.3x1011 1.1x1012 4.2x1012 1.1x1013

Pbar Production Rate 6.0x1010 1.0x1011 2.1x1011 5.2x1011 hr−1

Proton emittance 23π 20π 20π 20π mm-mrad
Antiproton emittance 13π 15π 15π 15π mm-mrad
β* 35 35 35 35 cm
Energy 900 1000 1000 1000 GeV
Antiproton Bunches 6 36 103 103
Bunch length (rms) 0.60 0.37 0.37 0.37 m
Crossing Angle 0 0 136 136 µrad
Typical Luminosity 0.16x1031 0.86x1032 2.1x1032 5.2x1032 cm−2sec−1

Integrated Luminosity† 3.2 17.3 42 105 pb−1/week
Bunch Spacing ~3500 396 132 132 nsec
Interactions/crossing 2.5 2.3 1.9 4.8

†The typical luminosity at the beginning of a store has traditionally translated to integrated luminosity with a 33% duty factor. Operation with
antiproton recycling may be somewhat different.



f 0RUH�$QWLSURWRQV

l 0RUH�SURWRQV�RQ�WKH�DQWLSURWRQ�WDUJHW
o 6OLS�VWDFNLQJ��a����[�
o 3URWRQ�EHDP�VZHHSLQJ

l %HWWHU�DQWLSURWRQ�FROOHFWLRQ�HIILFLHQF\
o /LTXLG�OLWKLXP�OHQV��a����[�
o $3��'HEXQFKHU�DSHUWXUH�LQFUHDVHV��a����[�

l %HWWHU�FRROLQJ
o 'HEXQFKHU�FRROLQJ�EDQGZLGWK�LQFUHDVH
o $FFXPXODWRU�6WDFNWDLO�����*+]�EDQGZLGWK�LQFUHDVH
o $FFXPXODWRU�&RUH�EDQGZLGWK�LQFUHDVH
o (OHFWURQ�FRROLQJ�LQ�WKH�5HF\FOHU



f /XPLQRVLW\�8SJUDGH�6FKHGXOH

Fiscal Integrated Project Progress
Year Luminosity

(fb-1)
2001 0.5
2002 1 Moveable Quads Debuncher 30 π

Debuncher BPM
Slip Stacking

2003 1 Electron Cooling Debuncher 35 π
2004 2 Debuncher Cooling Debuncher 40 π

Accumulator Cooling
Liquid Lithuium Lens

2005 2.5 Incremental Improvements - Tuning
2006 3 Incremental Improvements - Tuning
2007 3.5 Incremental Improvements - Tuning
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5)�3KDVH�6SDFH�&DUWRRQ

%RRVWHU�%DWFK��

%RRVWHU�%DWFK��

5)�%XFNHW��

5)�%XFNHW�� )LQDO�5)�%XFNHW
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f
l ,QFUHDVHV�WKH�QXPEHU�SURWRQV�RQ�WKH�DQWLSURWRQ�WDUJHW
l $GYDQWDJHV

o 1RW�D�ODUJH�FRQVWUXFWLRQ�SURMHFW���PRVWO\�5)�HOHFWURQLFV
o 7DNHV�DGYDQWDJH�RI�WKH�ODUJH�0DLQ�,QMHFWRU�PRPHQWXP�DSHUWXUH
o &DQ�EH�XVHG�WR�LQFUHDVH�180,�LQWHQVLW\

l 'LVDGYDQWDJHV
o 5HTXLUHV�KLJK�JDLQ�EHDP�ORDGLQJ�FRPSHQVDWLRQ
o /RVVHV�LQ�WKH�0DLQ�,QMHFWRU�PD\�EH�KLJKHU

l %HDP�/RDGLQJ�&RPSHQVDWLRQ
o 3UHVHQW�SURMHFW�XQGHUZD\�WR�LQFRUSRUDWH�GLUHFW�5)�IHHGEDFN�LQ�DOO����0DLQ�,QMHFWRU����0+]

5)�FDYLWLHV
o %HDP�ORDGLQJ�FRPSHQVDWLRQ�ZLOO�DOVR�KHOS�

Ç 5)�&RDOHVFLQJ�IRU�WKH�FROOLGHU
Ç 3EDU�SURGXFWLRQ�F\FOHV

Y ,QMHFWLRQ
Y 7UDQVLWLRQ
Y %XQFK�5RWDWLRQ

Ç +LJK�LQWHQVLW\�)L[HG�7DUJHW�UXQQLQJ��180,�

6OLS�6WDFNLQJ



f

M:IBEAM=beam current (dc)
M:RFSUML=rf voltage fanback

M:BLM53=beam current at 53 MHz

6OLS�6WDFNLQJ�([SHULPHQW�LQ�WKH
0DLQ�5LQJ



f %HDP�/RDGLQJ�&RPSHQVDWLRQ
XVLQJ�'LUHFW�5)�)HHGEDFN

ffI

fbI

bI

genI
Z

G

g revT



f %HDP�6ZHHSLQJ�DW�WKH
$QWLSURWRQ�3URGXFWLRQ�7DUJHW

l $V�WKH�LQWHQVLW\�RI�WKH�SURWRQ�EHDP�RQ�WDUJHW�LQFUHDVHV��WKH�SHDN
HQHUJ\�GHSRVLWLRQ�RI�WKH�SURWRQ�EHDP�DW�WKH�WDUJHW�LV�KLJK
HQRXJK�WR�GDPDJH�WKH�WDUJHW�LQ�D�VLQJOH�SXOVH

   Li 
Lens

   Li 
Lens

Target

Pulsed Magnet

120 GeV Proton Beam

8 GeV Antiprotons
  Downstream 
sweep magnet

PQ9B

     Upstream 
sweep magnets



f /LTXLG�/LWKLXP�/HQV

12

13

14

15

16

17

18

19

20

600 650 700 750 800 850 900 950 1000

yi
el

d 
(1

0-6
)

gradient (T/m)

0

1000

2000

3000

4000

5000

6000

7000

8000

5 6 7 8 9 10 20 30

Y
ie

ld
 @

 3
2 

π
  [

ar
b]

Lens Field  [T]

10-cm x 10-mm lens
lens as-is

optimized AP2

lens, AP2 as-is

6-cm x 6-mm lens

6ROLG�/HQV�3HUIRUPDQFH /LTXLG�/HQV�3UHGLFWLRQV



f %,13�/LTXLG�/LWKLXP�/HQV
3URWRW\SH



f $QWLSURWRQ�$SHUWXUH�,QFUHDVHV

l /DUJHVW�JDLQ�LI�DSHUWXUH�LV�LQFUHDVHG�LQ�UHJLRQV�XSVWUHDP�RI�WKH�ILUVW
VWDJH�RI�VWRFKDVWLF�FRROLQJ
o $3��WUDQVIHU�OLQH
o 'HEXQFKHU

l 7KH�JRDO�LV�WR�LQFUHDVH�WKH�DSHUWXUH�LQ�ERWK�SODQHV�IURP���π�PP�
PUDG�WR����π�PP�PUDG

l %HDP�EDVHG�DOLJQPHQW�RI�DOO�PDJQHWLF�HOHPHQWV
o UHTXLUHV�QHZ�LQVWUXPHQWDWLRQ
o PRWRUL]HG�TXDGV

l 3K\VLFDO�DSHUWXUH�LQFUHDVHV
o VXFK�DV�UHSODFLQJ�EHDP�SLSH�LQ�'HEXQFKHU�GLSROHV�ZLWK�FXUYHG�EHDP

SLSH



f 7(9���$QWLSURWRQ�<LHOG�YV�
$FFHSWDQFH



f 'HEXQFKHU�&RROLQJ�&U\RJHQLF
0XOWLEDQG�&RROLQJ�6\VWHPV
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l 1DUURZ�KLJK�VHQVLWLYLW\�EDQGV�IRU�ORZ�LQWHQVLW\
l :LGH�ORZ�VHQVLWLYLW\�EDQGV�IRU�KLJK�LQWHQVLW\



f $FFXPXODWRU�6WRFKDVWLF�&RROLQJ
&RROLQJ�%DQGZLGWK�,QFUHDVHV

l 7KH�VWDFNWDLO�V\VWHP�EDQGZLGWK�ZDV�LQFUHDVHG�IURP����*+]�WR
����*+]�IRU�5XQ�,,
o 7KH�$FFXPXODWRU�VOLS�IDFWRU��η��ZDV�GHFUHDVHG�E\�D�IDFWRU�RI���WR

PDNH�WKH�V\VWHP�VWDEOH
o 7KH�UHGXFWLRQ�RI�η�UHGXFHV�WKH�FRROLQJ�UDWH�RI�WKH�FRUH�V\VWHPV�E\�D

IDFWRU�RI���DW�KLJK�VWDFNV

l :LGHEDQG�VWULSOLQH�W\SH�HOHFWURGHV�VXIIHU�IURP�VHYHUH�JDLQ
VORSHV�DW�KLJK�IUHTXHQFLHV��!���*+]�
o )XWXUH�EDQGZLGWK�LQFUHDVHV�DERYH���*+]�ZLOO�SUREDEO\�UHTXLUH

'HEXQFKHU�OLNH�PXOWL�EDQG�FKDQQHOV

l 7KH�5XQ�,,�$FFXPXODWRU�ODWWLFH�XSJUDGH�ZLOO�VXSSRUW�DQ
LQFUHDVH�LQ�WKH�EDQGZLGWK�RI�WKH�$FFXPXODWRU�VWDFNWDLO�FRROLQJ
V\VWHP�IURP����*+]�WR�����*+]��7KLV�EDQGZLGWK�LV�VXIILFLHQW�WR
DFFRPPRGDWH��[�WKH�DQWLSURWRQ�IOX[�LI�WKH�DPRXQW�RI�FRROLQJ�LQ
WKH�$FFXPXODWRU�LV�UHGXFHG
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����*+]�$FFXPXODWRU�6WDFN�7DLO
6\VWHP

l ���[����DQWLSURWRQV���VHF
l 7UDQVIHUV�WR�WKH�5HF\FOHU

HYHU\�IHZ�PLQXWHV��a��



f $FFXPXODWRU�WR�5HF\FOHU
%HDP�7UDQVIHU��$3���

l $W�WKH�EHJLQQLQJ�RI�5XQ�,,��WKH�WUDQVIHUV�ZLOO�WDNH�SODFH�WKURXJK
WKH�$3���OLQH��WKH�0DLQ�5LQJ�UHPQDQW��DQG�WKH�0DLQ�,QMHFWRU�
7KLV�SDWK�LV�DZNZDUG�QRW�RQO\�EHFDXVH�RI�WKH�LQGLUHFW�URXWH��EXW
EHFDXVH�WKLV�EHDP�OLQH�LV�DOVR�XVHG�WR�WUDQVSRUW�����*H9�SURWRQV
WR�WKH�SURGXFWLRQ�WDUJHW�

l :LWK��[�WKH�DQWLSURWRQ�IOX[��WKH�UHGXFWLRQ�RI�WKH�FRROLQJ
UHTXLUHPHQW�LQ�WKH�$FFXPXODWRU�LPSOLHV�WUDQVIHUV�EHWZHHQ�WKH
$FFXPXODWRU�DQG�WKH�5HF\FOHU�DERXW�RQFH�SHU�PLQXWH�

l $�GHGLFDWHG���*H9�WUDQVSRUW�OLQH�EHWZHHQ�WKH�$FFXPXODWRU�DQG
5HF\FOHU�PD\�EH�HVVHQWLDO�



f 5HF\FOHU�(OHFWURQ�&RROLQJ

l 6WRFKDVWLF�&RROLQJ�ZLOO�EH�XVHG�LQ�WKH�5HF\FOHU�DW�WKH�EHJLQQLQJ�RI
5XQ�,,���,W�ZLOO�EH�UHSODFHG�ZLWK�HOHFWURQ�FRROLQJ�

l %HFDXVH�RI�WKH�5HF\FOHU�ODWWLFH�SDUDPHWHUV�LW�LV�DW�OHDVW�YHU\�GLIILFXOW
WR�LQFUHDVH�WKH�VWRFKDVWLF�FRROLQJ�V\VWHP�EDQGZLGWK�

l (OHFWURQ�FRROLQJ�ZLOO�UHOLHYH�WKH�$FFXPXODWRU�RI�KDYLQJ�WR�FRRO�WKH
DQWLSURWRQ�EHDP�WR�LWV�XOWLPDWH�GHQVLW\�

l (OHFWURQ�FRROLQJ�ZLOO�PDNH�LW�SRVVLEOH�WR�FRRO�DQG�UHF\FOH�WKH�KLJK
LQWHQVLW\�DQWLSURWRQ�EHDPV�UHTXLUHG�WR�DSSURDFK�D�OXPLQRVLW\�RI
�����FP���VHF���

l $�VXEVWDQWLDO�5	'�HIIRUW�LV�XQGHUZD\�WR�XQGHUVWDQG�WKH�WHFKQRORJ\
UHTXLUHG�WR�DFKLHYH�FRROLQJ�RI�DQ���*H9�DQWLSURWRQ�EHDP�



f 6FKHPDWLF�/D\RXW�RI�5HF\FOHU
(OHFWURQ�&RROLQJ

Electron Cooling System Parameters
Parameter Value Units

Electrostatic Accelerator
Terminal Voltage 4.3 MV
Electron Beam Current 0.5 A
Terminal Voltage Ripple 500 V (FWHM)
Cathode Radius 2.5 mm
Gun Solenoid Field 200 G

Cooling Section
Length 20 m
Solenoid Field 50 G
Vacuum Pressure 0.1 nTorr
Electron Beam Radius 6 mm
Electron Beam Divergence < 80 µrad



f (OHFWURQ�&RROLQJ�3URRI�RI�3ULQFLSOH
�5HFLUFXODWLRQ�H[SHULPHQW�

*2$/
��7R�GHPRQVWUDWH�D�����$�UHFLUFXODWLRQ�IRU���KRXU�XVLQJ�DQ

H[LVWLQJ���0H9�3HOOHWURQ�DW�1(&
67$786

1RY����� SURMHFW�VWDUWHG
-DQ����� ILUVW�UHFLUFXODWHG�FXUUHQW������$�
0D\������ QHZ�JXQ�DQG�FROOHFWRU�DUH�LQVWDOOHG
'HF����� 0D[��UHFLUFXODWHG�FXUUHQW�RI�����$
0D\���� ����$�IRU���KRXU
6HS����� ����$�IRU���KRXUV
'HF����� 0D[��UHFLUFXODWHG�FXUUHQW�RI�����$
)HE����� ��0H9�3HOOHWURQ�RUGHUHG

Corona 
triode

Electron
gun

S6

S5

STR 5, BPM 5

BPM 4
Solenoid

Clr.electrode

floor level

STR 4

Solenoid (S1)

Solenoid (S2)

NEG housing

BPM 1

STR 2
Vacuum gauge

DC current 
monitor (PCT)

NEC wire 
scanner

Valve

Solenoid

12"0

STR 3

STR 6

S4

Acceleration
tube

NEC wire scanner

STR 1

Collector

Terminal 
electronics

Atmosphere: SF6 (60psi)

Ion pumps

Solenoid (S3)



f %HDP�%HDP
7XQH�6KLIW�&RPSHQVDWLRQ

l 7KH�JRDO�RI�WKH�FRPSHQVDWLRQ�SURMHFW�LV�WR�SURGXFH�DQ�HOHFWURQ
EHDP�ZKRVH�QHJDWLYH�FKDUJH�ZLOO�FDQFHO�WKH�WXQH�VKLIW�SURGXFHG
E\�WKH�SURWRQ�EHDP���7KH�HOHFWURQ�EHDP�ZRXOG�EH�FROOLGHG�ZLWK
WKH�DQWLSURWRQ�EHDP�LQ�D�ORFDWLRQ��)����UHPRWH�IURP�WKH
LQWHUDFWLRQ�UHJLRQV�

7(9�/D\RXW�&DUWRRQ



f 7(9$7521�(OHFWURQ�/HQV
3URWRW\SH



f
7(9$7521�(OHFWURQ�/HQV

3URWRW\SH
��ORFDWHG�LQ�/,1$&�EDVHPHQW�


