
 T he An tiproton  S ource R ookie Book  

Utilities 8-1 Version  2.0 

FCV-2

3-way 

valve

30 gallon 

expansion 

tank

D
I 
B

o
tt
le

s

D:LCWMUF

PCV-1

Pbar 95 Degree LCW

LP8LP7LP6

D
e

o
x

y
g

e
n

a
ti

o
n

 S
y

s
te

m

LCW Return

LCW Supply

Tube & Shell

Pbar

Filters

Pbar Load

3000 Gallon 

Make-Up 

system for 

Pbar 95, 

Booster 95 and 

Linac 55 LCW 

systems

FCV-1

Tower 

Water 

Supply

Tower 

Water 

Return

HE9HE8

???? ???? ???? ???? ???? ????????

Tower Water System

Backup Primary
Plate & Frame

LCW Supply

L
C

W
 S

u
p

p
ly

Brian Drendel

11-18-08

Supply

Pressure

Supply

Temp
LCW Flow

Return 

Temp

Return

Pressure

Conductivity

 

Figure 8.1  Pbar  95° LCW system  
(expanded from the MetaSys con trols diagram used by FESS) 

 

VIII. Uti li tie s  

 

A. Wate r syste m s  

 Cooling water  is u sed to ca rry excess hea t  away from power  supplies , 

magnets and other  systems in  the Antiproton  Source. The most  extensive 

wa ter  system found in  Pbar  is the 95° Low Conduct ivity Water  (LCW) 

system. The Pbar  95° LCW system provides cooling for  componen ts in  the 

Rings and Transpor t  enclosu res as well a s the AP0, 10, 30 and 50 service 

bu ildings. LCW is wa ter  wh ich  has had free ions removed, increasing its 

resistance to electr ica l cu rren t . Th is a t t r ibu te is cr it ica l if a  device has 

cooling channels tha t  a lso act  a s electr ica l conductors. Most  Rings and 

beamline magnets, for  example, have hollow copper  electr ica l windings tha t  

the LCW flows th rough . The Pbar  95° LCW system is not  on ly used to cool 

most  magnets and their  power  supplies, bu t  a lso magnet  shun ts and TWT 

amplifiers used in  the stochast ic cooling systems. 
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 F igu re 8.1 is a  block diagram of the Pbar  95° LCW system. The two hea t  

exchangers, th ree pumps, a  th ir ty ga llon  expansion  tank, and a  filter  system 

can  a ll be found on  the second floor  (frequen t ly refer red to as the mezzan ine) 

of the Cen tra l Ut ility Bu ilding (CUB). In  addit ion , a  3,000 ga llon  make-up 

system, deion izing (DI) equ ipmen t  and deoxygena t ion  skid a re loca ted on  the 

first  floor  of CUB. The th ree pumps used to circu la te Pbar  95° LCW are 

ca lled LP6, LP7 and LP8. Dur ing normal opera t ion , two of the th ree pumps 

a re run , wh ich  a llows flexibility if a  pump requ ires repa ir . Most  of the Pbar  

95° LCW flows th rough  on e of two la rge “fu ll-flow” filters before leaving CUB 

and heading to pbar . Pa r t  of the LCW is diver ted th rough  two loops tha t  

bypass the pa th  to pbar . The first  loop has the th ree -way va lve tha t  connects 

to the 3,000 ga llon  make-up tank, a  30 ga llon  expansion  tank and  the 

deion izing bot t les. The deion izing bot t les “polish” the LCW by removing ions. 

The other  loop con ta ins the deoxygena t ion  skid, wh ich  removes free oxygen  

in  the LCW. Free oxygen  coming in  con tact  with  the copper  LCW pipes and 

magnet  conductors can  cause the format ion  of a  copper  oxide (CuO). Deposits 

of th e copper  oxide can  line the in side of the magnet  conductors and can  even  

cause blockages tha t  lead to overhea t ing. 

 The Pbar  95° LCW hea t  exchanges with  Tower  Water  (TW), wh ich  

or igina tes from a  26,000 ga llon  storage tank loca ted in  the nor theast  corner  

of CUB. There a re two Pbar  95° hea t  exchangers, bu t  on ly one of them is 

used a t  a  t ime. The pr imary hea t  exchanger  is a  pla te and frame hea t  

exchanger  ca lled HE9. It  is rectangu la r  in  shape, much  like the hea t  

exchan gers used for  the Booster  95° LCW system. The backup hea t  

exchanger  is a n  older  shell and tube type ca lled HE8. Th is hea t  exchanger  is 

cylindr ica l in  shape, much  like those in  the Teva tron  service bu ildings. HE8 

hangs from the ceiling of the mezzan ine r igh t  next  to the pla te and frame 

hea t  exchanger . Regardless of wh ich  hea t  exchanger  is u sed, a  la rge va lve 

ca lled FCV-1 con trols the LCW tempera tu re by regu la t ing how much  Tower  

Water  circu la tes th rough  th e hea t  exchanger . 

 Figure 8.2 is a  block diagram of the Tower  Water  system. Tower  Water  is 

u sed to provide cooling for  the Pbar  95° LCW system as well a s LCW systems 

used by other  accelera tors. Tower  Water  can  a lso be used to cool the 55° 

Chilled Water  systems in  the win ter  mon ths. Tower  Water  is pumped ou t  of 

the 26,000 ga llon  storage tank by th ree Tower  Water  pumps ca lled TWP -1, 

TWP-2 and TWP-3. These pumps circu la te the Tower  Water  th rough  the 
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Figure 8.2  Tower  Water  Syst em 

(expanded from the MetaSys con trols diagram used by FESS) 

 

pr imary Tower  Water  loop which  goes up to the cooling towers on  the roof of 

CUB and back down to the storage tank. These pumps a re a lso va r iable 

speed so tha t  they can  match  the flow th rough  the hea t  exchanger  and ch iller  

loads. As the flow increases th rough  the loads, so does the speed of these 

pumps. 

 Depending on  cooling demands, cooling towers can  be va lved ou t  of the 

system. Dur ing the summer  months, when  the efficiency of the cooling towers 

is a t  it s lowest , a ll seven  pa irs of towers a re needed. The towers a re staged 

based on  the discharge water  tempera tu re ou t  of the 26,000 ga llon  tank. The 

cooling towers use ambien t  a ir  to cool the Tower  Water  with  a  combina t ion  of 

direct  con tact  and evapora t ion . On  warm days, most  of the hea t  remova l 

comes from evapora t ive cooling.  
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Figure 8.3  Cooling Tower  diagram from Evapco websit e
2
. 

 F igu re 8.3
2
 shows the a ir  and water  flow th rough  a  cooling tower . The 

warm retu rn  Tower  Water  from the Pbar  hea t  exchanger  is pumped in to the 

top of the cooling tower , and is sprayed downward on to a  wet  deck in  the 

tower . Simultaneously, ou tside a ir  is drawn  in  th rough  in let  louvers a t  the 

base of the tower  and t ravels upward th rough  the wet  deck. As long as the 

ou tside a ir  is cooler  than  the Tower  Water , the Tower  Water  will be cooled by 

direct  con tact  with  the a ir . A small por t ion  of the Tower  Water  is evapora ted 

in to the a ir  passing th rough  the tower , removing hea t  from the remain ing 

water . The warm moist  a ir  is drawn  to the top of the cooling tower  by a  fan  

and is ven ted in to the a tmosphere. The cooled Tower  Water  dra ins to a  basin  

in  the bot tom of the tower . Th is wa ter  is retu rned to the 26,000 ga llon  tank  

and then  pumped back to the hea t  exchangers . Dur ing the summer  months, 

the ou tside a ir  is very warm and humid. On  these days, both  the direct  

con tact  and evapora t ive cooling mechan isms a re much  less e fficien t . On  the 

worst  of the hot  and humid summer  days, the Tower  Water  tempera tu re can ’t  

be main ta ined, causing the Pbar  and Booster  LCW to warm. FESS uses the 

term “Wet  Bu lb Tempera tu re” to descr ibe the cooling poten t ia l of the ou tside 

a ir
3
. A h igh  wet  bu lb tempera tu re (above abou t  75° F) will likely cause both  

the Booster  and Pbar  95° LCW systems to lose tempera tu re regu la t ion  dur ing 

the hot test  pa r t  of the day. 
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 There a re two secondary Tower  Water  loops which  a re labeled “LCW 

Loop” an d “Chiller  Loop” in  figu re 8.2. For  the “LCW loop,” two water  pumps 

ca lled TWP-6 and TWP-7 pu ll Tower  Water  from the pr imary loop to the 

secondary loop tha t  includes both  the Booster  95° and Pbar  95° LCW hea t  

exchangers. The tempera tu re of the Tower  Water  in  th is loop can  be 

con trolled by regu la t ing how much  of the wa ter  in  th is secondary Tower  

Water  loop is re-circu la ted and how much  is pu t  back in  the pr imary Tower  

Water  loop. Th is is done using a  bypass line and  two va lves ca lled CV-15 and 

CV-14. On  the Tower  Water  ou tpu t  side of the hea t  exchangers , va lve CV-15 

is either  fu lly open  or  closed. When  open , a ll of the wa ter  in  the secondary 

loop is rou ted back to the pr imary Tower  Water  loop. Th is configu ra t ion  

provides maximum cooling and is u sed dur ing the summer . When  CV-15 is 

closed, the wa ter  is sen t  down a  bypass line, where another  va lve , CV-14, 

regu la tes how much  Tower  Water  is recircu la ted in  the secondary loop. Th is 

mode of opera t ion  is u sed dur ing cooler  wea ther . 

 Tower  wa ter  a lso provides cooling to the Ch illed Water  (CHW) system via  

the “Ch iller  Loop” shown in  figu re 8.2. Three secondary pumps ca lled TWP -8, 

TWP-9 and TWP-10 pu ll Tower  Water  from the pr imary tower  wa ter  loop to a  

secondary loop tha t  provides cooling to five process ch illers used in  th ree 

differen t  cooling systems. Ch iller  CH -3 provides cooling for  the Linac 55° 

LCW, Ch illers CH -1 and CH -5 provide cooling to the “Comfor t  Cooling” 

(Wilson  Hall, HVAC), and ch illers CH -2 and CH -4 provide cooling to the 

“Process CHW” which  is u sed by Pbar . The Tower  Water  of th is secondary 

loop is tempera tu re con trolled by regu la t ing a  va lve ca lled CV-13 which  

regu la tes how much  water  is recircu la ted in  the secondary loop. 

  Figure 8.4 is a  block diagram of the “Process” Ch illed Water  (CHW) 

system, wh ich  provides cooling water  for  the Pbar  service bu ilding a ir  

condit ion ing un its, the DRF1 cavit ies, and the stochast ic cooling kicker  

tanks. It  a lso removes hea t  from the closed loop LCW systems a t  AP0 and 

F27, wh ich  a re descr ibed below. Process CHW is st ra ined and ch illed to 

approximately 45° Fahrenheit . In  per iods of warmer  wea ther , the Process 

CHW is circu la ted by two ch illers runn ing in  pa ra llel (CH -2 and CH -4). Two 

va lves ca lled CV-2 and CV-3 con trol how much  flow is sen t  th rough  CH -2 and 

CH-4 respect ively. Dur ing the win ter  mon ths , there is an  opt ion  to run  

th rough  a  hea t  exchanger  ca lled HX-1 instead of the ch illers. HX-1 is a  free 
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Figure 8.4  P rocess Chilled Water  

(expanded from the MetaSys con trols diagram used by FESS) 

 

flowing hea t  exchanger  tha t  gets its cooling from the Tower  Water  system 

men t ioned above.  

 The CHW system is sometimes confused with  the ICW system . ICW 

(Industr ia l Cooling Water) makes up the fire hydran t  network and is 

un rela ted to the Ch illed Water  system. To add fu r ther  confusion , CW 

(condenser  wa ter ), ICW and TW (Cooling Tower  wa ter ) a ll even tua lly go 

th rough  the 26,000 ga llon  tank . 

 Teva tron  95° LCW flows th rough  the AP1 and AP3 line magnets in  the 

Preta rget  and Prevau lt  enclosu res. Teva tron  LCW is a lso used to cool power  

supplies a t  the F23 service bu ilding. LCW from  the Teva tron  system was 

used for  reasons of conven ience and economy. 

 There a re fou r  closed loop, stand-a lone LCW systems in  the Pbar  complex. 

Each  of these systems consist s of a  pump, hea t  exchanger , deion izer  bot t le, 

expansion  tank, and associa ted plumbing and inst rumen ta t ion , simila r  to the 
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low energy Linac water  systems. Ch illed Water  is u sed to hea t  exchange with  

each  closed loop LCW system. Three of the systems a re loca ted in  AP0: one 

provides cooling for  the Lith ium Lens and t ransformer , one for  the beam 

dump and one for  the Pu lsed Magnet  and collimator . When  needed, make-up 

water  to fill these systems is taken  manua lly from the Pbar  95° LCW header  

loca ted on  the wa ll nea rby. The other  closed loop system is loca ted in  the F27 

service bu ilding and provides cooling water  for  the power  supplies in  tha t  

bu ilding. When  requ ired, LCW a t  F27 is made up by Water  Group personnel 

from a  55-ga llon  drum of de-ion ized water . When  the F27 service bu ilding 

was bu ilt , there weren’t  any LCW lines in  the vicin ity. It  was more 

conven ien t  (and economica l) to tee off of an  exist ing ch illed wa ter  header  tha t  

ran  between  CUB and the RF bu ilding.  

 Impor tan t  wa ter  system parameters  a re mon itored via  ACNET and/or  

FIRUS. Tempera tu re, pressu re, oxygen  level, tu rbidity and conduct ivity 

mon itor ing for  the Pbar  95° LCW system can  be  found on  page P75. 

Tempera tu re and pressu re readbacks for  the Ch illed Water  and Tower  Water  

loops can  a lso be viewed from P75. In  addit ion , the amoun t  of wa ter  leaking 

ou t  of the Pbar  LCW system can  be determined th rough  the ACNET 

parameter  D:LCWTOT. Th is device reads back the tota l amoun t  of make-up 

water  tha t  has been  t ransfer red from the 3,000 ga llon  tank  over  an  a rbit ra ry 

amoun t  of t ime (normally 24 hours, beginn ing a t  midn igh t ). The Pbar  95° 

LCW system has a  30 ga llon  reservoir , shown in  figu re 8.1, wh ich  is filled up 

every t ime tha t  amoun t  of LCW has leaked ou t  of the system. Under  normal 

no-leak runn ing condit ions, 50 to 100 ga llons per  week is added to the 

system. A plot  of D:LCWTOT would indica te 30 ga llon  incremen ts a t  regu la r  

in terva ls if there were a  leak (th is pa rameter  is reset  to 0 ga llons every day 

a t  midn igh t). D:LCWMUF monitors the flow in to the makeup tank and 

normally reads zero. On ly when  the LCW system is au tomatica lly filling  the 

30-ga llon  reservoir  shou ld th is pa rameter  have a  non -zero reading. 

 FIRUS a lso a la rms if cer ta in  pa rameters a re ou t  of limits. In  genera l, poor  

conduct ivity, incorrect  pressu res or  t r ipped ch illers or  cooling towers shou ld 

be brough t  to the a t ten t ion  of on -sh ift  plan t  main tenance personnel (i.e. the 

Du ty Mechan ic). Pressu re or  tempera tu re a la rms shou ld be checked aga inst  

their  ACNET coun terpar ts. Genera lly, the ACNET devices have more 

accura te a la rm set  poin ts. 
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B. Vacuum  syste m s  

 All of the Pbar  beam lines and both  Rings have un ique vacuum systems, 

sometimes isola ted from each  other  via  vacuum windows. In  a ll cases, 

dist r ibu ted ion  pumps provide most  of the pumping. The beamline and Rings 

vacuum systems can  broken  in to smaller  segmen ts with  beam va lves. A 

number  of pump-ou t  por ts a re bu ilt  in to each  system to provide easy 

connect ion  of mobile tu rbo molecu la r  pump sta t ions. Teva tron -style CIA 

cra tes a re used to con trol the vacuum componen ts. Beam va lves a re 

in ter locked to close if th ree or  more ion  pumps in  a  sect ion  a re t r ipped or  

indica te poor  vacuum. Each  of the systems is ou t lined below. For  the sake of 

cla r ifica t ion , Torr  is normally the un it  of measure used for  vacuum a lthough  

milliba r  (mbar) is the proper  metr ic un it . The  un its a re very simila r  in  

magn itude, average a tmospher ic pressu re is 760 tor r  or  1,013 mb. Since the 

un its a re so close in  magn itude, Torr  and mbar 's can  be used 

in terchangeably. 

 Vacuum in  the AP-1 line is common to tha t  of the P2 line on  the upstream 

end and AP-3 on  the downstream end. Beam va lve M:BV100, loca ted 

immedia tely downstream of the second (of two) 'C' magnets in  the AP-1 line, 

is in ter locked to close if too many pumps t r ip in  either  P2, AP-1 or  AP-3. A 

vacuum window loca ted just  in side the Target  Vau lt  isola tes AP-1 from the 

Target  Sta t ion . Beam Valve D:BV926 can  isola te AP -1 from AP-3. The 

nomina l AP-1 line pressu re of 10
-8
 Torr  is main ta ined by dist r ibu ted spu t ter  

ion  pumps ra ted a t  270 liters/second. Pump supplies and con trols ha rdware 

for  th is system can  be found in  the AP0 service bu ilding. 

 The Target  Vau lt  is not  under  vacuum and serves as the break between  

AP-1 and AP-2 vacuum. Another  window with in  the Target  Vau lt  isola tes the 

AP-2 line a t  it s upstream end. AP -2 vacuum is common with  the Debuncher , 

a lthough  there used to be a  vacuum window immedia tely upstream of the 

Debuncher  in ject ion  septum magnet . After  an  upgraded septum magnet  with  

bet ter  aper tu re was insta lled, the vacuum window was removed and beam 

va lve D:BV728 insta lled. Like AP-1, the in ject ion  line vacuum is main ta ined 

th rough  the use of dist r ibu ted spu t ter  ion  pumps ra ted a t  270 l/s. The 

nomina l pressu re of the beamline is 10
-8
 Torr . 

 The Debuncher , simila r ly, has its vacuum main ta ined with  spu t ter  ion  

pumps. The average Debuncher  pressu re is a  decade bet ter  than  the 

beamlines, 10
-9
 Torr . Beam va lves a t  each  '10' loca t ion  can  effect ively 
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subdivide the Debuncher  in to 6 separa te vacuum sectors. Beam va lve 

D:BV610 doubles as the sa fety system coast ing beam stop for  the Debun cher . 

 The D to A line is a  stand-a lone vacuum system with  vacuum windows a t  

the upstream end of the Debuncher  in ject ion  septum magnet  and the 

downstream end of the downstream Accumula tor  in ject ion  septum. Ion  

pumps keep th is line's vacuum in  the 10
-8
 Torr  range. 

 Because the Accumula tor  was designed for  use as a  storage r ing, it s 

vacuum requ iremen ts a re the most  st r ingen t . One of the sign ifican t  

considera t ions in  determin ing the beam lifet ime in  a  storage r ing is the 

beam-gas in teract ion  ra te. Improving the vacuum lowers th is in teract ion  

ra te, thereby reducing beam loss. The design  pressu re of the Accumula tor  is 

3 X 10
-10

 Torr . Th is level of vacuum is accomplished th rough  the use of 

spu t ter  ion  pumps and t itan ium sublimat ion  pumps supplemen ted by a  ba ke-

ou t  system. As with  the Debuncher , the Accumula tor  has six vacuum sectors. 

Beam va lves in  sectors 10 th rough  30 and 60 a re found a t  the '7' loca t ions. 

The va lves for  the 40 and 50 regions were moved from their  or igina l loca t ion  

to immedia tely upstream and downstream respect ively of st ra igh t  sect ion  50.  

Th is provided isola t ion  for  the exper imen t  tha t  was loca ted in  the A50 Pit , so 

tha t  work cou ld be done there with  min imal impact  on  the Accumula tor . As a  

consequence, the Accumula tor  40 and 60 vacuum sectors a re la rger  than  the 

others. Like D:BV610 in  the Debuncher , beam va lve A:BV607 acts a s the 

sa fety system coast ing beam stop for  the Accumula tor . 

 Titan ium sublimat ion  pumps a re used in  the Accumula tor  to provide the 

addit iona l pumping requ ired for  a  vacuum of 3 X 10
-10

 Torr  or  bet ter . A 

sublimat ion  pump is a  form of get ter  pump tha t  opera tes on  the pr inciple 

tha t  chemica lly stable compounds a re formed between  gas molecu les (H
2
, N

2
, 

O
2
, CO, CO

2
) and the get ter  (t itan ium). The SNEG in  the Teva tron  is another  

form of a  vacuum get ter  pump. The get ter  is the mater ia l tha t  gas molecu les 

combine with . Noble gases (such  as helium) cannot  be pumped by get ters , bu t  

can  be pumped by ion  pumps. In  a  sublimat ion  pump, a  filamen t  con ta in ing 

a  h igh  t itan ium con ten t  is hea ted resist ively and the boiled off t itan ium 

forms a  th in  layer  on  the su rrounding walls  of the vacuum chamber . For  the 

Accumula tor , the wa lls a re adjacen t  to the beam pipe ra ther  than  being the 

beam pipe itself. As gas molecu les impinge on  the get ter  film, stable 

compounds a re formed and the vacuum pressu re improves since there a re 
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Figure 8.5  Tit an ium sublimat ion pump 

 

fewer  gas molecu les in  the beam pipe volume. However , th is decreases the 

amoun t  of get ter  mater ia l ava ilable to captu re other  gas molecu les. 

 Un like ion  pumps, wh ich  a re powered a ll of the t ime, the sublimat ion  

pumps in  the Accumula tor  a re powered in frequen t ly. The sub limat ion  pumps 

a re "fired" over  90 seconds to sublimate approximately 10 monolayers of 

t itan ium on to the pump's in ter ior  su rface. Dur ing normal opera t ion , 

sublimat ions a re spaced weeks or  mon ths apar t . Each  Accumula tor  

sublimat ion  pump con ta ins 3 filamen ts  to extend the lifet ime of the pump, 

a lthough  on ly one filamen t  a t  a  t ime is sublimated (see figu re 8.5). Because 

sublimat ion  pumps have no effect  on  iner t  gases, spu t ter  ion  pumps a re st ill 

an  impor tan t  componen t  of the system . To da te, the best  aver age vacuum in  

the Accumula tor  has been  6.8 x 10
-11

 Torr  (as read by ion  gauges), a lthough  a  

typica l va lue is 1 - 3 x 10
-10

 Torr . 

 A permanen t ly in sta lled bake-ou t  system in  the Accumula tor  makes it  

possible to bake each  of the six sectors independen t ly wh en  condit ions 
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Figure 8.6  Accumula tor  dipole bake-out  component s 

 

warran t . Usua lly when  a  por t ion  of the Accumula tor  is let  up to a ir , a  bake-

ou t  follows the work. Baking the beam pipe makes it  possible to libera te 

wa ter  vapor  on  the inner  su rface of the beam pipe and remove deep-sea ted 

impur it ies. Bake-ou t  tempera tu res range from 130° C for  stochast ic cooling 

tanks to 250° C for  quadrupoles. Pumping dur ing a  bake is  ach ieved by using 

mobile tu rbo-pump car ts. The bake is con trolled by a  single microprocessor  in  

AP10 while an  ACNET applica t ions program is used for  human  in ter face. 

The processor  receives inpu ts from thermocouples loca ted in  the tunnel and 

con trols hea ters to regu la te the tempera tu re. It  typica lly requ ires severa l 

days to hea t  the componen ts  to the desired tempera tu re, hold tha t  

tempera tu re du r ing the bake and slowly cool back down to room 
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tempera tu re. Hea ters and insu la t ion  coexist  in  the blankets, wh ich  a re 

wrapped a round the beam pipe and non -magnet ic componen ts. The magnets 

a re not  encased in  blankets, ra ther , specia l channels for  LCW lines and 

hea t ing elemen ts a re sandwiched between  the beam pipe and magnet  

lamina t ions (see figu re 8.6). Such  an  a r rangement  permits the beam pipe to 

be baked while protect ing the magnet . 

 The AP-3 line vacuu m is common to the Accumula tor  because of concerns 

tha t  a  vacuum window a t  the junct ion  of the Accumula tor  and the beam line 

wou ld cause excessive t ransverse emit tance blowup dur ing t ransfer s. Despite 

the absence of a  vacuum window, Accumula tor  vacuum does not  degrade 

sign ifican t ly near  the junct ion  because of addit iona l capacity bu ilt  in to the 

ion  pumps a t  the upstream end of the line. A beam va lve, BV900, provides 

protect ion  in  case there is a  loss of vacuum in  either  the Accumula tor  or  AP -3 

line. Vacuum is main ta ined in  AP -3 with  270 l/s spu t ter  ion  pumps. The 

pressu re is typica lly 10
-8
 mbar . Beam va lve D:BV926 loca ted in  the Prevau lt  

enclosu re provides isola t ion  between  the AP -1 and AP-3 lines. 

 

C. Ele c trica l syste m s  

 Power  requ iremen ts for  most  of the Antiproton  source complex is provided 

by feeder  24, a  13.8 kV feeder , wh ich  is the ou tpu t  of t ransformer  83A in  the 

Master  Substa t ion . 13.8 kV is stepped down to 480 V in  t ransformers ou tside 

of AP0, 10, 30, 50, and F27. Breaker  panels and ad dit iona l t ransformers 

dist r ibu te power  to a ll tunnel and house loads as well a s near ly every power  

supply. The Debuncher  and Accumula tor  bend bus supplies have separa te 

ou tdoor  t ransformers connected to feeder  24 a t  AP50 (see figu re 8.7). A 

13.8KV dist r ibu t ion  switch  ca lled DSTR-AP50-1 a llows the bend bus 

t ransformers to be isola ted from the house power  t ransformer .  

 There a re two sources of power  for  F23: one source for  the la rge power  

supplies and one for  the ligh t ing, t r im power  supplies and rack power . Power  

for  the la rge AP1 line supplies come from feeders 94/95, the beamline feeders , 

wh ich  a re downstream of the manua l opera ted switch  ca lled MOS 89. 

Feeders connected to MOS 89 cover  the beamline (P1, P2 and P3) supplies in  

F-Sector  (some elemen ts spill over  in to Transfer  Ha ll), a s well a s MI-52 

(Main  In jector  Sextupoles). As a  resu lt , anyt ime an  access is made in to Main  

In jector , F -Sector  or  Transfer  Ha ll, MOS 89 is switched off and power  is lost  

to the la rge supplies a t  F23. F23 ligh t ing, t r im and rack power  comes from an  
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Figure 8.7  Ant iproton Source Power  Dist r ibut ion  
 

underground feed from the F2 service bu ilding.  Th is power  or igina tes from 

Master  Substa t ion  Feeder  45 (Teva tron  conven t iona l power), and is not  

in ter rupted when  accesses a re made.  

 The Antiproton  Source can  be powered by Kau tz Roa d Substa t ion  feeder  

52 or  53, wh ich  powers Main  In jector  service bu ildings, by means of a  

t ransfer  switch  ca lled DSTR-AP0-1. Th is is not  u sed dur ing normal opera t ion  

and is reserved for  long shu tdown main tenance act ivit ies . Normally, feeder  

24's sole load (and t ransformer  83A) is the Antiproton  Source.  

 In  case of a  power  ou tage, an  emergency diesel genera tor  loca ted a t  AP50 

keeps Antiproton  Source sump pumps, ven t ila t ion  equ ipmen t , and the 

overhead crane in  AP0 opera t iona l. When  power  is lost  a t  AP0, 10, 30, or  50 

the genera tor  is au tomatica lly tu rned on  and the emergency feeder  

energized. Meanwhile, t ransfer  switch es in  or  below the bu ilding(s) withou t  
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power  switch  in  the emergency feeder . The genera tor  is  au tomatica lly tested 

on  Wednesdays a round noon . Con trols for  the genera tor  a re loca ted a t  AP0. 

 

D. Cryoge n ic  syste m s  

 Liqu id helium is used to cool the pickup electrodes and low level 

amplifiers for  a ll of the Debuncher  stochast ic cooling systems, a s well a s the 

Leg 1 stackta il notch  filter  loca ted a t  AP30. Simila r ly, liqu id n it rogen  is u sed 

on  pickups for  the stackta il and core 2-4 GHz momentum cooling systems. 

Liqu id n it rogen  is a lso used as a  sh ield for  the liqu id helium flowing th rough  

the t ransfer  lines. By reducing the tempera tu r e of the stochast ic cooling 

pickup electron ics, the electron ic noise they genera te is grea t ly reduced. 

Electron ic noise sca les linea r ly with  absolu te tempera tu re so there is a  

considerable reduct ion  in  the noise level. The signa l to noise level is  

especia lly cr it ica l in  the stackta il and Debuncher  cooling systems, wh ich  

opera te on  low in tensity beams. Pickups for  the core systems detect  a  much  

la rger  signa l due to the beam in tensity. The core 2-4 GHz momentum cooling 

system pickups use liqu id n it rogen  on ly because the pickup tank is loca ted in  

A20 next  to the stackta il pickups. Performance of the system is on ly 

improved by a  min imal amoun t , bu t  lit t le addit iona l ha rdware was requ ired 

to provide liqu id n it rogen  to the tank. 

 Cryogens a re provided to the A60 (stackta il and core 2-4 GHz momentum) 

and D10 (Debuncher) loca t ions by means of t ransfer  lines t raveling above 

ground from AP30. They then  pass downwards  th rough  penetra t ions in to the 

tunnel. AP30 houses a  sa tellite refr igera tor , wh ich  is connected to the 

Teva tron  cryogen ic system via  helium and n it rogen  lines between  it  and the 

F3 refr igera tor  bu ilding. There is a  refr igera tor  room with in  the AP30 service 

bu ilding tha t  con ta ins the wet  and dry engines and other  cryogen ic 

componen ts normally found in  a  Teva tron  refr igera tor  bu ilding. The hea t  

exchanger  is suspended from the ceiling of AP30, ou tside of the refr igera tor  

room.  

 Con trol for  the major ity of the pbar  cryogen ic systems is iden t ica l to tha t  

of the Teva tron  and Switchyard refr igera tors. Feedback loops man ipu la te 

va lves to con trol each  stochast ic cooling tank 's tempera tu re. The house 

names for  the two microprocessors servicing Pbar  a re: 'PR' for  the Pbar  

Refr igera tor  equ ipmen t  a t  AP30, and 'P1' for  the a rea  10 and 60 loops.  
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