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Fig. 1 HEIGHTS Calculations of Dependence of Total Pressure
on Energy Deposition Time
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 Nominal Value

-  15 mm diameter x 800 mm length target
-   Radiation cooling
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��a ��ilk�WL?	K��YD�F ;J= mNM = nS=cK A iLC@Kd`�� 9ZA�9 K��YF = k m `�= W�` D�m�o�= m]Ke= i k mUD��#m�a

[ \ ]&^ � �
��� �-�J� ���"� � � 
"� ,	� � �",-�:� �_�:�������

� � ���
��,	, 	 ����,�
 b��]9ZK
�l�BA g i�F IAi�k���k Ke9SiLC*Kd`�� C D�i�k^K�?¸��k�o iLC m k���� ?
KdD = k�i C¸m�g K�i�DZA = k D��#m�nP=P9ZKe= g 9d= kJW|n �B? I���nP9�� M?�#mNF g i�kfo�=cKe= ilk 9 a
Y ����� �b�J� � f��a?*� A£�#mUD 9aj�� ����Ifn i�D�� ;�= mUM�=pnP= K A i:C6m nP=��|� = o F �BKNm�n�[	�BK
KNmUD�Wl�BK = k = k^K���k�9�� �$9T`�i�DZK IJD�iLK�i�k I��fnS9��]9 m#k�o fE9��YIAmUD�m]K�� ncA�j = k 9 KdD�i�k�W
F mNW�k��BKe= g���� n o�9 a
+ �	� �b�J� � f��U?%G A£�#mUD 9aj�� � o�o ���U?	b F mNW�k��BK K�i MA�#mUF K��]9 Ke9��
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� a ��= F Ifn � K��]9ZKe9 iLCQnP=��|� = o f�� m]?��«k�� �6W j m k�o 9�i|nP= o f # ���b= jVKNmND�W��BKe9
\b=cKd` � � � 	fmL9 K���� KdD�m�g K�� o 
J�#mUF f�	 � 
<j	iLCS�:/ � 1 � � 2�

� I�I a

��a b��]9 K6iLC¦nP= �£� = o [ �BK6��k^K��YD = k�W m ���U?	bd�?���U?)e H ��g \ 
 = K�K��YD
F mNW�k��BKQm]KgKd`�� �Qm_Ke= ilk?m�n �b= W�` e mNW�k��BKe=pg 	 = � n o �&mUMAi�D�m_K�i�D�A�jNa

� a b��]9 K6iLC¦nP= �£� = o [ �BKQm#kfo iLKd`��YD KNmND�W��BKe9 \b= Kd` � � 2-4�� I�I ;�= m C�mL9 K
� � KdD�m�g Ke= ilk iLC�� � � � M���k�ga`��]9 a

G�a � o�o ���U?	b I���nP9�� o F mUWlk��BK f%�]?)e H I?�#m ��j K�i KNmND�W��BK K��]9 Ke9 \b=cKd`
� � � 	 � 
ja

��a � o�o ���U?)e ��� DZCUg;mB;�=cK A o�i]\6k�9ZKdD��#mNF iLC@KNmND�W��BKR= k 	 � 
ja

��a ����D�D�i���k�o DZC<g;mB;�=cK A \b= Kd` ��a ���_?�b F mUW�k��BK;a � K6Kd` =P9R9ZK��YI \ � `AmB;£�
m�npnI�]9d9���k^Ke= m�n C'�#m_K���D��]9CiLC@Kd`�� 9�il��D g � a

��a # `AmUD�m�g K��YD = ���<I = i�k A�= � n oRC D�i�F KNmUD�W��BK � F mUW�k��BK$9ZAJ9ZK��YF \b= Kd` 9 n i]\
� � KdD�m�g K�� o MA�#mUF f�� � 
 jNa

� a �QkJW�i
= kJW 9d= F ��n m]Ke= i�k iLCVKd`�� Kd`��YD�F m�n6`^A�o D�m#�fnS= gY9 iLCiKd`�� nP=��£��=po(?
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. � 9 = k�W n � � � � I�D�iLK�ilk M���k�ga` g;m k `AmB;£� �:/ � 1 � � 2�
 IJD�iLK�ilk 9 a

. # m k `AmB;£� � M���kfga`��]9g= k Kd`�� � � � X � � 2-4 IJD�iLK�ilk 9 a

. e � 9 K ��IJW�D�m�o��VI���nP9��bC i�D�F = k�W k��BK \ i�D � iLC�Kd`�� � � � C�m:9ZK!�(=pg��l�YD*K�i
IA�YD�F =cKb9 = k�W n �B?	K���D�k � � KdD�m�g Ke= i�k iLCUm�npn � M���k�ga`��]9 a

. � D n ��k�� �#`Am#k�W iLC@Kd`�� � � � =P9<M?�YW
= k�k = k�W m o��]9d= W�k 9 K���o A£a
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. b<`�� � � ��� O D�iLK�ilk �Sm�oJ= i�W�D�mUIJ`^A O D�i�[ � g K m�nS9�i o��]9d= D��]9<Kd`�� � � �

� = g��l�YD ��I�W�D�m�o � � m k�o F m A `?mB;£� m M���o W��BK C'i�D Kd` =P9�a �6i]\ �B;£�YD��
Kd`��BA \6m k^Kb9�i�F �B\ `?m]K W�D��#m]K��YDQg;mUIAmUM = nP= K A Kd`?m k \ �dk���� o��fm#k�o
C i�D��]9���� m n ilk�Wl�YD 9�ga`�� o ��n ��� g i�F I�n �BKe= ilk = k 	��L� ��a
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. H �dk�i]\ I�D�i�I?i
9��VK�i M�� = n o m k��B\ �_?*e H I���nP9�� o IAi]\ �YD 9���IJI�ncA£a
f¸��a ��m#kfo�MA�YD�W^j

. H �Qk�i]\ I�D�i�IAi39��RKd`?m]K Kd`��
��� e ����DZC¦g;mB;�=cK A `?mB;£��D��]9 =P9ZKe=c;£� g i
=pnP9
\b=cKd` = k = Ke9�k�i
9��YI�= � g �]9 K�i IJD�i];�= o��j��a ���_?�b ��� n oQilk m �J=S9 a f 
Sa H �YW�W�� n j

. b<`�� DZC CED�� �|����k�g A \b=pn n&m�g K��?m�npncA M?� � � a � e ���

� � � 1 � � � CED�� �£����k�g A C i�D 9d= � �NGL?��d� � M���k�ga`��]9�a

. b<`�� DZC6g;mB;�=cK A \b= npn I�D�i];�= o�� � e � � 8UF m�g�g � n �YD�m]Ke= k�W W�D�m�oJ= ��k K m]K
G�a � e H IAi]\ �YD�a f¸��a �Ci39��Uj

. b<`�� DZC�IAi]\ �YD =P9 CED�i�F 9d= � ��a �]?)e H ��� � � K��BKdD�i o �]9�aRf¸� a # i�D n �BK�K j
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PROPOSAL FOR

LOW-FREQUENCY, HIGH-POWER PULSE COMPRESSION

BY A THYRATRON SWITCH
Y. Zhao, BNL (April, 2000)

PRINCIPLE:

A superconducting storage

cavity is charged by a tetrode. Its

output line is a λ/2 line ended

with a thyratron, which is open

during charging, so that only a

little energy leaks out.

Once the thyratron is fired by a

trigger pulse, the cavity is

coupled to the load and

discharged rapidly.

KEY ISSUE:

Thyratrons usually work at video

frequency, but brief operation at

RF frequency is possible before

breakdown occurs.

POWER COMPRESSION

RATIO:

Reduced by leakage in the switch

and by transmission loss.

Theoretical analysis indicates a

gain of more than 1000 is

possible.

Initial R&D goal: power gain of

20 or more.

IV

LOAD

TETRODE
STORAGE

CAVITY

SWITCH OPEN --- NO ENERGY TO LOAD

CHARGING PROCESS

DISCHARGING PROCESS

TRIGGER

PFN

200V

THYRATRON FIRING CIRCUIT

V

I

V

TETRODE STORAGE

 CAVITY

LOAD

SWITCH CLOSED --- TOTAL ENERGY TO LOAD
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� b"m�n � M^A �4af`LmN`�k��

� a O = ilk IJD�i o ��g Ke= i�k � e � � �4� 	 ��� �lm«agf � a�` = D �A� � afe i � `�i];�j

��a O = ilk o � g;mBA£��I�`?m:9��iD�iLKNm_Ke= ilk �9e � � �I� � � � �jbd� � # � �
�Ua
f � a 	�� �|� = � � af` = D ��� � a�e i�� `�i_;�� �4a�`LmN`�k#j

� a �6����KdD�i�k o�i39��]9 � e � � �4� � � ��� b68le # � O a�f�� a�e i�� `�i];��4apa a j

G�a �Sm�o�= i�k���g�n �]=po � = k^;£��k^K�i�DZA � � � ���Ub68�e � # O
��a 
J�#mUF ? = k�o��fg � o IJD��]9 9���D��R\6mB;£�]9g= k KNmUD�W��BKe9 a

f � a �QmL9d9Tm#k��]= k � O afh�D���F F � �La ��mUF �fn A�m �A� � a ��= F i
9ej

��a e mUWlk��BK�i�`^A�o�D�i«o A k?mUF =pgY9Si:C¦nS= �£� = o F �BKNm�n�[	�BKe9 a f # a ���#j
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� b"m�n � M^A O a � IAmUF I�= kAm]K�i �

. b"mND�W��BK 9 KNm]Ke= i�k = k�CED�mL9 KdD���g K��JD�� f�� � ���@jNa

. �Sm�o�= i�k���g�n �]=po � =P9d9����]9Vf 
 ���U� � � ���@jNa

. �6����KdD�i�k ofmUF mUW��iK�i F m_K��YD = m�nS9 f 
 ���U�fe ��� � � � ���@jNa

. �&mND�W�� � � I?i
9��JD�� K��]9 Ke96iLC"KNmND�W��BKe9 m]KQk���� KdD�ilk 9TI?m�npn m]Ke= i�k C¸m�gY= nS=cKe= �]9
f 
 ���U� � � ���U� � � ���@jNa
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ID Task Name Duration Cost Start Finish
1 Targetry R&D 863 days $8,859,000 Tue 7/6/99 Thu 10/24/02

2 AGS Extraction Upgrade 324 days $1,049,000 Tue 7/6/99 Fri 9/29/00

3 E864 Removal 75 days $177,000 Tue 7/6/99 Mon 10/18/99

4 Upgrade A3 Beam Line 240 days $704,000 Tue 10/19/99 Mon 9/18/00

5 FEB Instumentation 150 days $168,000 Mon 3/6/00 Fri 9/29/00

6 Liquid Metal Jet 359 days $310,000 Wed 3/1/00 Mon 7/16/01

7 Initial Beam Test 163 days $80,000 Wed 3/1/00 Fri 10/13/00

8 Containment Vessel 75 days $30,000 Fri 3/3/00 Thu 6/15/00

9 Instrumentation 100 days $40,000 Wed 3/1/00 Tue 7/18/00

10 Test at AGS, I 10 days $10,000 Mon 10/2/00 Fri 10/13/00

11 Jet Test at FSU Magnet 93 days $60,000 Fri 5/5/00 Tue 9/12/00

12 Containment Vessel 63 days $20,000 Fri 5/5/00 Tue 8/1/00

13 Instrumentation 20 days $20,000 Wed 8/2/00 Tue 8/29/00

14 Test at FSU 10 days $20,000 Wed 8/30/00 Tue 9/12/00

15 3 mm Jet Test 192 days $50,000 Mon 7/3/00 Tue 3/27/01

16 Jet fabricaton 130 days $20,000 Mon 7/3/00 Fri 12/29/00

17 Containment Vessel 75 days $10,000 Wed 11/1/00 Tue 2/13/01

18 Instrumentation 20 days $10,000 Wed 2/14/01 Tue 3/13/01

19 Test at AGS, II 10 days $10,000 Wed 3/14/01 Tue 3/27/01

20 5 mm Jet 139 days $120,000 Wed 1/3/01 Mon 7/16/01

21 Design 20 days $20,000 Wed 1/3/01 Tue 1/30/01

22 Jet fabrication 45 days $20,000 Wed 1/31/01 Tue 4/3/01

23 Containment Vessel 30 days $20,000 Wed 1/31/01 Tue 3/13/01

24 Instrumentation 20 days $20,000 Wed 3/14/01 Tue 4/10/01

25 Test at AGS, III 10 days $10,000 Wed 4/11/01 Tue 4/24/01

26 Test at AGS, IV 10 days $10,000 Tue 7/3/01 Mon 7/16/01

27 AGS Extraction Upgrade 290 days $1,400,000 Mon 1/3/00 Fri 2/9/01

28 Design 90 days $100,000 Mon 1/3/00 Fri 5/5/00

29 Purchase parts 100 days $800,000 Mon 5/8/00 Fri 9/22/00

30 Installation 200 days $500,000 Mon 5/8/00 Fri 2/9/01

31 Pulsed Solenoid 590 days $1,020,000 Fri 10/1/99 Thu 1/3/02

32 Design 240 days $100,000 Fri 10/1/99 Thu 8/31/00

33 Coil Purchase/Fabrication 250 days $500,000 Fri 9/1/00 Thu 8/16/01

34 Commisioning 60 days $100,000 Fri 8/17/01 Thu 11/8/01

35 LN2 Cryostat Design 7 days $50,000 Fri 9/1/00 Mon 9/11/00

36 LN2 Cryostat Fabrication 50 days $100,000 Tue 9/12/00 Mon 11/20/00

37 LN2 Handling 40 days $20,000 Tue 11/21/00 Mon 1/15/01

38 Move/Refurbish PS 40 days $40,000 Wed 10/4/00 Tue 11/28/00

39 Move Substation 40 days $40,000 Wed 11/29/00 Tue 1/23/01

40 Substation Attachment 20 days $20,000 Wed 1/24/01 Tue 2/20/01

41 Switching System 45 days $30,000 Wed 2/21/01 Tue 4/24/01

42 Test at AGS, V 40 days $20,000 Fri 11/9/01 Thu 1/3/02

43 RF Systems 650 days $1,505,000 Fri 10/1/99 Thu 3/28/02

44 70-MHz RF Cavity 650 days $950,000 Fri 10/1/99 Thu 3/28/02

45 Design 230 days $120,000 Fri 10/1/99 Thu 8/17/00

46 Purchase/Fabricate 260 days $600,000 Fri 8/18/00 Thu 8/16/01

47 Assembly 20 days $20,000 Fri 8/17/01 Thu 9/13/01

48 Testing w/o beam 60 days $30,000 Fri 9/14/01 Thu 12/6/01

49 Refurbish/rebuild 20 days $150,000 Fri 12/7/01 Thu 1/3/02

50 Test at AGS, VI 60 days $30,000 Fri 1/4/02 Thu 3/28/02

51 Site Preparation 205 days $270,000 Mon 4/3/00 Fri 1/12/01

52 Design 30 days $30,000 Mon 4/3/00 Fri 5/12/00

53 Blockhouse 60 days $150,000 Mon 5/15/00 Fri 8/4/00

54 Power Service 70 days $20,000 Mon 8/7/00 Fri 11/10/00

55 Vacuum 40 days $50,000 Mon 11/13/00 Fri 1/5/01

56 DI Water 45 days $20,000 Mon 11/13/00 Fri 1/12/01

57 70-MHz Test at LBL 180 days $135,000 Mon 1/3/00 Fri 9/8/00
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58 Rebuild 1 RF station 110 days $45,000 Mon 1/3/00 Fri 6/2/00

59 Test the LBL tubes 60 days $75,000 Mon 6/5/00 Fri 8/25/00

60 Packing, Shipping 10 days $15,000 Mon 8/28/00 Fri 9/8/00

61 Low Level RF 140 days $40,000 Fri 5/5/00 Thu 11/16/00

62 Design 50 days $10,000 Fri 5/5/00 Thu 7/13/00

63 Procurement 60 days $20,000 Fri 7/14/00 Thu 10/5/00

64 Testing 30 days $10,000 Fri 10/6/00 Thu 11/16/00

65 Pulsing System 200 days $110,000 Thu 8/3/00 Wed 5/9/01

66 Design 60 days $30,000 Thu 8/3/00 Wed 10/25/00

67 Procurement 60 days $30,000 Thu 10/26/00 Wed 1/17/01

68 Crowbar 60 days $30,000 Thu 1/18/01 Wed 4/11/01

69 Testing 20 days $20,000 Thu 4/12/01 Wed 5/9/01

70 RF Solenoid 499 days $1,110,000 Mon 8/7/00 Thu 7/4/02

71 Coil Design 120 days $60,000 Mon 8/7/00 Fri 1/19/01

72 Coil Fabricate 300 days $500,000 Mon 1/22/01 Fri 3/15/02

73 Iron Design 120 days $60,000 Mon 1/22/01 Fri 7/6/01

74 Iron Fabricate 150 days $200,000 Mon 7/9/01 Fri 2/1/02

75 Support Design 80 days $40,000 Mon 7/9/01 Fri 10/26/01

76 Support Fabricate 100 days $50,000 Mon 10/29/01 Fri 3/15/02

77 Block House 80 days $20,000 Mon 6/4/01 Fri 9/21/01

78 Move/Refurbish PS 60 days $30,000 Mon 9/24/01 Fri 12/14/01

79 Substation Attachment 20 days $20,000 Mon 12/17/01 Fri 1/11/02

80 Commsioning 60 days $120,000 Fri 3/29/02 Thu 6/20/02

81 Test at AGS, VII 10 days $10,000 Fri 6/21/02 Thu 7/4/02

82 Capture Experiment 604 days $1,770,000 Mon 7/3/00 Thu 10/24/02

83 Bent Solenoid Design 60 days $30,000 Tue 2/6/01 Mon 4/30/01

84 Bent Solenoid Fabrication 300 days $500,000 Tue 5/1/01 Mon 6/24/02

85 Guide Dipole Design 30 days $20,000 Tue 5/1/01 Mon 6/11/01

86 Guide Dipole Fabrication 180 days $150,000 Tue 6/12/01 Mon 2/18/02

87 Transition Magnet Design 30 days $20,000 Tue 6/12/01 Mon 7/23/01

88 Transition Magnet fabrication 120 days $100,000 Tue 7/24/01 Mon 1/7/02

89 Power Suplies 90 days $100,000 Wed 1/2/02 Tue 5/7/02

90 TPC system 500 days $240,000 Wed 7/5/00 Tue 6/4/02

91 TOF System 500 days $120,000 Wed 7/5/00 Tue 6/4/02

92 PWCs and scintillators 500 days $150,000 Mon 7/3/00 Fri 5/31/02

93 Electronics and DAQData acquisition500 days $200,000 Tue 7/4/00 Mon 6/3/02

94 Counting Trailer 60 days $60,000 Thu 1/3/02 Wed 3/27/02

95 Commisioning 50 days $50,000 Fri 7/5/02 Thu 9/12/02

96 Test at AGS, VIII 30 days $30,000 Fri 9/13/02 Thu 10/24/02

97 Simulation & Validation 782 days $695,000 Fri 10/1/99 Mon 9/30/02

98 Simulation 782 days $525,000 Fri 10/1/99 Mon 9/30/02

99 Exploding Wire I 200 days $110,000 Mon 1/3/00 Fri 10/6/00

100 Capacitor Bank 120 days $60,000 Mon 1/3/00 Fri 6/16/00

101 Test Cell, Water 20 days $10,000 Mon 6/19/00 Fri 7/14/00

102 Instrumentation 30 days $30,000 Mon 7/17/00 Fri 8/25/00

103 Data Collection 30 days $10,000 Mon 8/28/00 Fri 10/6/00

104 Exploding Wire II 210 days $40,000 Mon 10/9/00 Fri 7/27/01

105 Test Cell, Liquid Metal 30 days $10,000 Mon 10/9/00 Fri 11/17/00

106 Data Collection 180 days $30,000 Mon 11/20/00 Fri 7/27/01

107 Exploding Wire III 97 days $20,000 Wed 10/3/01 Thu 2/14/02

108 Test Cell in Magnet 30 days $10,000 Wed 10/3/01 Tue 11/13/01

109 Data  Collection 30 days $10,000 Fri 1/4/02 Thu 2/14/02
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