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III.  De bunche r 

 

A.  Function  

 The purpose of the Debuncher  is to accept  pu lses of an t iprotons from the 

AP-2 line and to reduce their  momentum and t ransverse phase space for  

efficien t  t ransfer  to the Accumula tor . The momentum spread is in it ia lly 

reduced by RF bunch  rota t ion  and adiaba t ic debunch ing and fu r ther  reduced 

by stochast ic cooling. Hor izon ta l and ver t ica l beta t ron  stochast ic cooling 

systems reduce the t ransverse beam size. Withou t  bunch  rota t ion  and the 

cooling systems, t ransfer  efficiency between  the Debuncher  and Accumula tor  

wou ld be very poor . Also, ARF-1 and the stackta il momentum cooling system 

in  the Accumula tor  a re more efficien t  when  the pbars have a  small 

momentum spread. Th e cooling systems use the t ime between  Main  In jector  

extract ion s to cool the beam. 

 

B.  Lattice  

 The Debuncher  'r ing' is a  rounded t r iangle and is divided in to 6 sectors 

numbered 10-60. Each  sector  con ta ins 19 quadrupoles and 11 dipoles. Other  

magnet ic devices include correct ion  dipoles and sextupoles. There a re th ree 

st ra igh t  sect ions – 10, 30, and 50, wh ich  a re loca ted direct ly benea th  service 

bu ildings AP10, 30 and 50 respect ively. The st ra igh t  sect ions a re regions of 

low dispersion  while the a rcs a re dispersive regions. A typica l cell in  the a rcs 

is comprised of an  F -quadrupole with  simila r ly or ien ted sextupoles on  either  

side followed by a  dipole or  dr ift  region , then  a  D-quadrupole a lso su rrounded 

by sextupoles of the same conven t ion  and another  dipole or  dr ift  region  

(Figure 3.1). Th is is refer red to as a  “FODO” la t t ice. As is the case with  

st ra igh t  sect ions in  other  Fermilab accelera tor  r ings, the Debuncher  st ra igh t  

sect ions con ta in  an  assor tmen t  of specia lized componen ts. The following 

devices popu la te st ra igh t  sect ion  10: the extract ion  septum for  the D/A line, a  

gap monitor , the longitudina l schot tky, the DCCT, damper  pickups and 

kickers and stochast ic cooling pickup tanks. Stochast ic cooling kickers  and 

the IPM’s a re found in  the 30 region . The 50 a rea  is home to the AP2 line 

in ject ion  devices and to a ll of the Debuncher 's RF cavit ies.  

 The number ing scheme has a  pa t tern , bu t  not  an  obvious one a t  fir st  

glance. For  example, D10Q is the first  quadrupole in  sector  10 (it  is loca ted in  
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               Figure 3.1  Debuncher lattice in the arcs 

the middle of st ra igh t  sect ion  10) and is followed by D1Q2 and D1Q3. Dipoles 

a re numbered simila r ly – D1B16 is the dipole following D1Q16. Correct ion  

dipoles a re labeled according to the quadrupole they proceed. Th ings get  

t r icky in  the even -numbered sect ions due to the mirror  symmetry of the 

Debuncher  la t t ice. The fina l quadrupole in  D10 is D1Q19, and the next  quad  

is D20Q (loca ted in  the cen ter  of the a rc), followed by D2Q19 , D2Q18, etc. 

Thus, in  the direct ion  of an  an t iproton  beam, numbers increase in  odd -

numbered sectors and decrease in  even -numbered sectors. The same genera l 

number ing scheme a lso holds t rue for  the Accumula tor , a lthough  there a re 

fewer  elemen ts. 

 

C.  P ow e r supplie s  

 There a re six major  magnet  st r ings in  the Debuncher . The th ree 

quadrupole st r ings a re powered by th ree supplies loca ted in  AP10, D:QD, 

D:QF, and D:QSS. D:QD powers a ll of the defocusing quads from DnQ6 to 

DnQ6 (with  the except ion  of D6Q6, wh ich  has its own  power  supply). 

Reca lling tha t  the Debuncher  la t t ice is FODO, D:QF  powers the focusing 

quadrupoles ou tside of the st ra igh t  sect ions, from DnQ7 to DnQ7. D:QSS is 

the power  supply for  t he Debuncher  quads in  the st ra igh t  sect ions, DnQ5 to 

DnQ5 (see figu re 3.2), with  the except ion  of D2Q5, D4Q4 and D4Q5 (which  

have their  own  power  supplies). All of the 3 loca t ion  quadrupoles  on  the QSS 
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Figure 3.2  D10 straight section 

bus a re individua lly con trolled by means of 

shun ts. There a re a lso a  number  of other  

quadrupoles, loca ted a t  va r ious loca t ions, 

wh ich  have shun ts. These shun ts a re used for  

measuremen ts and la t t ice adjustmen ts. The 

Debuncher  tunes a re changed by adjust ing the 

main  quadrupole power  supplies  in  

predetermined r a t ios (mults). 

  All of the main  dipoles a re in  ser ies and 

powered by D:IB, the Debuncher  bend bus 

power  supply. Th is supply is a  very la rge PEI 

loca ted in  AP50 just  in side of the west  

en trance. Three specia l quadrupoles a re a lso 

powered by D:IB in  con jun ct ion  with  

individua l smaller  power  supplies . These a re 

the la rge quads a t  D2Q5, D4Q5, and D6Q6. At  

these loca t ions, there needs to be a  quadrupole 

in  the la t t ice, bu t  the small quadrupoles 

normally a t  these loca t ions don 't  have a  la rge 

enough  aper tu re to accommodate both  the r ing 

and in ject ion  or  extract ion  beampipes. The 

solu t ion  was to in sta ll a  la rge quadrupole with  

two beam pipes th rough  the ava ilable 

aper tu re. The cen tered beam pipe is for  

circu la t ing beam. The offset  pipe is for  

in jected/extracted beam, which  receives a  

substan t ia l steer ing kick because of the beam’s 

displacemen t . In  addit ion  to being powered by 

D:IB, each  of these magnets a lso has its own  

t r im supply named D:QT205, D:QT405, and 

D:QT606 respect ively. The la rge quadrupoles 

requ ire sign ifican t ly more cu rren t  to produce 

the same field as a  small quadrupole. Whereas 

D:QF and D:QD deliver  abou t  240A of cu rren t , 

the combina t ion  of D:IB and the quadrupole 
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t r im supplies produces abou t  1,500A. 

 Addit iona l shun ts were added to many of the quadru poles in  the 

dispersive a rcs in  1995. These shun ts, in  combina t ion  with  the shun ts in  the 

st ra igh t  sect ions, were or igina lly in tended to be used as a  "
T
 jump". The plan  

was to ramp the shun ts so tha t  the la t t ice (specifica lly the eta ) cou ld  be 

a ltered to switch  between  a  la t t ice conducive to bunch  rota t ion  to one tha t  

improves the performance of the stochast ic cooling. Dur ing development  it  

was found tha t  power  supply regu la t ion  problems resu lted in  tune excursions 

and excessive beam loss . Since poten t ia l ga ins from th is scheme were 

expected to be modest  anyway, it  was abandoned. However , a fter  

considerable rea rrangement  and appropr ia t ion  of these shun ts, they were 

la ter  u sed to crea te a  modified la t t ice tha t  improves the aper tu re of the 

Debuncher . Arc quadrupoles a t  the DxQ8,10,11 and 14 loca t ions cu rren t ly 

have shun ts. 

 Sextupoles a re included in  the Debuncher  la t t ice to provide ch romaticity 

con trol. All of the sextupoles a re powered in  ser ies on  two separa te buses by 

four  supplies. Sextupoles on  either  side of an  'F ' quad a re powered by 

D:SEXFI and D:SEXFV. Neither  supply has su fficien t  voltage to dr ive the 

en t ire st r ing on  its own , so the two supplies a re powered in  ser ies  to provide 

the necessa ry voltage. The D:SEXFI supply handles the cu rren t  regu la t ion . 

D:SEXDI and D:SEXDV do the same th ing for  the 'D' sextupoles.  

 Correct ion  dipoles have been  placed a round the Debuncher  to provide fine 

orbit  con trol of the beam. These elemen ts a re powered by 25 Amp bipola r  

supplies and have been  st ra tegica lly placed to provide posit ion  and angle 

con trol a t  the extract ion  and in ject ion  poin ts of the Debuncher , stochast ic 

cooling pick-ups and loca t ions with  t igh t  aper tu res. 

 There isn 't  enough  room in  the la t t ice to place correct ion  dipoles a t  every 

loca t ion  tha t  they a re needed. In  addit ion , some correctors had to be removed 

when  la rger  stochast ic cooling tanks were in sta lled a t  the beginn ing of Run  

II. Motor ized quadrupole stands were in sta lled to provide orbit  con trol 

th rough  quad-steer ing. Dozens of the motor ized stands a re dist r ibu ted 

th roughou t  the Debuncher  and can  be used independen t ly or  in  combina t ion  

with  t r ims to adjust  the orbit  in  either  plane. There is a lso a  single bend 

shun t , D:BS608, tha t  is a t tached to the D6B8 main  dipole magnet . Shun t ing 

cu rren t  a round the dipole has the effect  of a  hor izon ta l t r im  and was 

former ly used to provide orbit  con trol a t  the extract ion  septum  
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                 Table 3.1  Debuncher RF systems 

 

D.  RF syste m s  

 Three radio frequency (RF) systems a re employed in  the Debuncher : DRF -

1, DRF-2 and DRF-3. Table 3-1 summarizes the RF fr equency, ha rmonic 

number , peak voltage and low level inpu ts for  each  system. Note tha t  the 

same frequency Digita l to Ana log Conver ter  (DAC) is common to a ll th ree 

systems. 

 

 

 

1.  DRF-1  

  DRF-1 is a  53.1 MHz system (h=90) used for  bu nch  rota t ion  and 

adiaba t ic debunch ing of an t iproton  pu lses in jected in to the Debuncher . 

Reca ll tha t  bunch  rota t ion  in  the Main  In jector  shor tens the proton  bunches 

in  t ime. Th is bunch  st ructu re is main ta ined by the pbars crea ted in  the 

ta rget  sta t ion . DRF-1 accepts the shor t  (in  t ime) pbar  bunches coming from 

the ta rget , then  rota tes them in  phase space, resu lt ing in  bunches of 

an t iprotons with  a  la rge t ime spread and a  small momentum spread. The 

beam is then  adiaba t ica lly debunched over  4 milliseconds by lower ing the RF 

voltage. 

 There a re a  tota l of eigh t  DRF -1 cavit ies of two var iet ies: six so-ca lled 

'Rota tors' and two 'Adiaba t ic' cavit ies. The six rota tor  RF cavit ies a re able to 

opera te a t  a  peak voltage of approximately 750 - 950 kV each . In  order  to 

rapidly reduce their  voltage, the RF dr ive signa l is inver ted just  long enough  

for  the fields in  the cavity to be forced to zero (dr ive down). Th is rapid 

reduct ion  in  voltage is necessa ry in  order  for  the cavit ies to qu ickly pass 

th rough  the range where they may mult ipactor , or  spark. As the voltage on  

the six main  cavit ies is reduced, the voltage on  the other  two cavit ies is 

slowly lowered from 100 kV to ach ieve debunch ing. These adiaba t ic cavit ies 

a re of a  somewhat  differen t  design  to preven t  mult ipactor ing . The 

System Freq. Harm. Peak 

Voltage 
Amplitude Frequency 

DRF-1 53.1 MHz h=90 5.1 MV 
DAC (D:R1LLDA) 

164 card (D:R164AM) 

DAC (D:R1LLFR) 

Lock to MI LLRF 

DRF-2 2.36 MHz h=4 500 V DAC (D:R2LLAM) DAC (D:R1LLFR) 

DRF-3 2.36 MHz h=4 800 V 
DAC (D:R3LLAM) 

164 card (D:R364AM) 
DAC (D:R1LLFR) 
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    Figure 3.3  DRF-1 cavity voltage during bunch rotation 

modifica t ions consist  ma in ly of a  ceramic accelera t ing gap to isola te the beam 

pipe vacuum from the a ir  in  the cavity. Th is ceramic limits the peak voltage 

across the gap to abou t  150 kV. Figure 3.3 shows the tota l DRF -1 voltage 

dur ing the debunch in g process. Note the ver t ica l sca le, the voltage is br iefly 

increased by a  factor  of 50 when  the rota tor  cavit ies pu lse.   

 DRF1 is in it ia lly phase-locked to MIRF to provide for  a  bucket  to bucket  

t ransfer . The 8 GeV secondary par t icles crea ted a t  the ta rge t  reta in  the same 

bunch  st ructu re as the 120 GeV protons. The DRF1 rota tor  cavit ies a re 

powered just  before beam arr ives in  the Debuncher . When  t imed correct ly the  

RF will reach  peak voltage a t  the t ime beam is in jected , then  they a re rapidly 
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            Figure 3.4  Bunch rotation in the Debuncher 

tu rned off du r ing dr ive down . The la rge bucket  a rea  crea tes a  mismatch , a s 

the bucket  is much  la rger  than  the phase space a rea  of the beam. The rota tor  

cavit ies on ly pu lse for  approximately 200 µs (.2 ms) compared with  the 10 ms 

tha t  the adiaba t ics a re on . The adiaba t ics a re a lso pu lsed br iefly towards the 

end of the stacking cycle for  diagnost ic pu rposes. The beam is bunched so 

tha t  Debuncher  BPM’s can  measure beam in tensity. 

 Because of the mismatch  a t  in ject ion  between  the beam and the RF 

bucket , the bunches rota te as illu st ra ted in  figu re 3.4. The bunches con t inue 

to rota te du r ing rota tor  cavity dr ive down  and have rota ted abou t  45° in  

phase space by the t ime the rota tors have tu rned off. The bunches  rota te the 

fina l 45° du r ing the adiaba t ic debunch ing process. Not e tha t  the rota tor  

cavit ies pu lse for  on ly 200 µs bu t  pu t  ou t  a  collect ive 5.0 MV. The two 

adiaba t ic cavit ies a re on  for  abou t  5 ms a fter  in ject ion , bu t  on ly pu t  ou t  a  

combined 100 kV before the voltage is gradua lly lowered. 

  The RF amplitude for  DRF1 is divided in to separa te con trol for  the 

rota tor  and adiaba t ic cavit ies. The adiaba t ics a re normally con trolled by a  

waveform genera tor  (Camac 164) ca rd bu t  can  a lso be run  Con t inuous Wave 

(CW) with  a  DAC. The RF amplitude tha t  the rota tor  cavit ies a re pu lsed  to is 

con trolled by a  ser ies of 6 DAC's, one for  each  cavity. Normally, the rota tor  
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Figure 3.5  Debuncher bunch rotation spectrum analyzer display 

 

cavit ies a re tuned to pu t  ou t  a s much  voltage as possible to maximize bunch  

rota t ion  efficiency. 

 The frequency reference comes from a  Voltage Con trolled Oscilla tor  

(VCO). Dur ing stacking, the VCO is in it ia lly phase-locked to the Main  

In jector  RF and stays a t  a  fixed frequency. Th is frequency is genera lly set  a t  

the beginn ing of a  runn ing per iod and remains unchanged. At  th is wr it ing, 

the DAC is set  to 53.101625 MHz. Since DRF1 is an  H=90 system, th is 

corresponds to a  revolu t ion  frequency of 590,018 Hz. It  is impor tan t  tha t  the 

beam in jected in to the Debuncher  from the Main  In jector  has th is revolu t ion  

frequency as DRF1 and the momentum cooling will not  work as well if the 

frequencies va ry sign ifican t ly. 

 There presen t ly isn ’t  a  good quan t ita t ive way to determine how efficien t  

the bunch  rota t ion  process is. Figure 3.5 shows a  typica l spectrum ana lyzer  
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display of the frequency dist r ibu t ion  of the Debuncher  beam. The signa l 

comes from a  cooling pickup, so the frequencies displayed a re ha rmonics of 

the revolu t ion  frequency in  the microwave range. Th is display can  be used as 

a  qua lita t ive measure of how well the bunch  rota t ion  process is working.  Two 

DRF-1 parameters can  be tuned to maximize the bunch  rota t ion  efficiency. 

D:R1LLPS is the phase offset  between  the Main  In jector  and Debuncher  low 

level RF and is tuned to opt imize bucket  to bucket  t ransfer . D:R1LLMT is the 

master  t r igger  t ime and con trols when  the DRF -1 rota tor  cavit ies a re pu lsed. 

By synchron izing the peak RF voltage (and bucket  a rea ) to the a r r iva l of the 

beam, captu re can  be maximized. A narrower  dist r ibu t ion  on  the spectrum 

ana lyzer  display, ava ilable on  Cable Television  (CATV) Pbar  channel 20, 

indica tes more efficien t  bunch  rota t ion . Beam qua lity in  the Main  In jector  is 

a lso impor tan t . A program ca lled the “Proton  Torpedo” on  page P194 is u sed 

to check Main  In jector  longitudina l beam qua lity. 

 

2.  DRF-2 

 The Debuncher  circumference is la rger  than  tha t  of the Accum ula tor  (and 

the Booster ) by 7.1%. The Debuncher  53 MHz harmonic number  is 90, wh ile 

the Accumula tor 's is 84. Debuncher  to Accumula tor  t ransfer  efficiency is 

opt imized by main ta in ing a  gap in  the Debuncher  beam. Th is is so tha t  upon  

t ransfer , the beam just  fits a round the circumference of the Accumula tor . 

When  proper ly t imed, the Debuncher  extract ion  kicker  r ises in  the gap. The 

200 nanosecond gap (compared to the revolu t ion  frequency of 1.69 s) is 

preserved by DRF-2, wh ich  forms a  'ba r r ier  bucket ' tha t  excludes pa r t icles 

from its in ter ior . DRF -2 is t imed to preserve the gap between  the leading and 

t ra iling pbar  bunches en ter ing the Debuncher . 

 The per iod of the applied RF wave is one quar ter  of the Debuncher  

rota t ion  per iod, making it  an  h=4 system. The nom ina l frequency is thus 2.36 

MHz. The gap electrodes a re phased apar t  for  one RF cycle du r ing each  

revolu t ion , then  phased together  for  the remain ing 3/4 revolu t ion  for  zero 

effect ive voltage. The fact  tha t  the accelera t ing field is suppressed for  pa r t  of 

each  revolu t ion  is the reason  th is type of radio frequency system is known as 

a  'suppressed bucket ' RF system.  

 Referr ing to figu re 3.6, a  normal RF bucket  keeps the pa r t icles with in  the 

bucket  by accelera t ing low momentum par t icles and decelera t ing h igh  

momentum par t icles. In  the ba rr ier  bucket  example, the phase of the RF 
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                   Figure 3.6  DRF-2 barrier bucket 

wave is sh ifted 180° to push  beam ou t  of the bucket . H igher  momentum 

par t icles a re accelera ted upon  en t er ing the ba rr ier  bucket  region  and lower  

momentum par t icles a re decelera ted , wh ich  effect ively excludes beam from 

the ba rr ier  bucket . 

 DRF-2 has a  DAC tha t  provides the amplitude program (D:LLR2AM). 

DRF-2’s maximum voltage is approximately 500 V a lthough  it  normally runs 

in  the 200 - 300V range. The same VCO used by DRF -1 is a lso used by DRF-2 

(and DRF-3). The DRF-2 frequency (2.36 MHz instead of 53.1 MHz) is 

der ived by dividing the ou tpu t  of the VCO by 22.5. 

 

3.  DRF-3 

 The th ird and fina l RF system found in  the Debuncher  is a lso an  h=4 

system. In  th is case, however , no buckets a re su ppressed. DRF-3 is not  run  

opera t iona lly and is  on ly used dur ing studies. It  is pr imar ily used to move 

the beam to permit  fu ll explora t ion  of the Debuncher  momentum aper tu re. It  

opera tes a t  up to 800 Volts. 

 Amplitude con trol for  DRF -3 is provided by either  a  DAC or  a  164 ca rd, 

a lthough  the la t ter  is ra rely used. Frequency con trol is provided by the same 

VCO as DRF-1 and DRF-2. As with  DRF-2 the frequency from the VCO is 

divided by 22.5 to change the RF frequ ency from 53.1 MHz to 2.36 MHz. 


