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Abstract 
ThiV SaSeU SUeVenWV hiVWRU\ and eYRlXWiRn Rf Whe inWUa-

bXnch feedback V\VWem fRU ciUcXlaU acceleUaWRUV. ThiV SUR-
jecW haV been SUeVenWed b\ JRhn D. FR[ (SLAC/SWanfRUd 
Un.) aW Whe IPAC2010 held in K\RWR. The idea Rf Whe SUR-
SRVal iV WR bXild a fle[ible and SRZeUfXl inVWUXmenW WR miW-
igaWe Whe SaUaViWic e-clRXd effecWV Rn Whe SURWRn (and SRWen-
Wiall\ SRViWURn) beamV in VWRUage UingV. Being a neZ and 
ambiWiRXV SURjecW, Whe financial iVVXeV haYe been TXiWe im-
SRUWanW. US LHC AcceleUaWRU ReVeaUch PURgUam (LARP) 
and RWheU inVWiWXWiRn fXnding VRXUceV haYe aVVXUed Whe de-
YelRSmenW Rf Whe deVign fRU imSlemenWing Whe feedback in 
Whe SPS Uing aW CERN. HeUe Whe inWUa-bXnch feedback V\V-
Wem haV been inVWalled and WeVWed in Whe fUame Rf Whe LIU 
(LHC InjecWRU USgUade) SURgUam. 

AfWeU Whe end Rf Whe LARP fXnding, a SRVVible neZ inWeU-
eVWing chance WR cRnWinXe Whe R&D acWiYiW\, cRXld be b\ 
imSlemenWing Whe V\VWem in a leSWRn VWRUage Uing affecWed 
b\ e-clRXd effecWV. FRU achieYing WhiV gRal, a SRVVible e[-
SeUimenW cRXld be caUUied RXW in Whe SRViWURn Uing Rf 
DAFNE aW FUaVcaWi, IWal\. The feaVibiliW\ Rf Whe SURSRVal iV 
eYalXaWed in Whe fRllRZing VecWiRnV. In caVe Rf aSSURYal Rf 
Whe e[SeUimenW, indeed Whe SURjecW cRXld be inVeUWed in Whe 
DAFNE-TF (DAFNE TeVW FaciliW\) SURgUam WhaW iV fRUe-
Veen afWeU Whe 2020 fRU Whe fRllRZing 3-5 \eaUV. 

IN7ROD8C7ION 
AV iW iV Zell knRZn, in a VWRUage Uing Whe ShRWRnV emiWWed 

b\ Whe beamV and hiWWing Whe YacXXm chambeU fRUm elec-
WURn clRXdV. TheVe negaWiYel\ chaUged clRXdV affecW Whe 
beam d\namicV Rf Whe SRViWiYel\ chaUged beamV ZiWh VeY-
eUal XndeViUed effecWV. 

Man\ miWigaWiRn WechniTXeV aUe VWXdied and deYelRSed. 
One Rf WheVe iV Whe ³inWUa-bXnch feedback´, WhaW haV been 
RfWen called ³e-clRXd feedback´ RU ³Zide band feedback 
V\VWem´ (WBFS), WRR.  

The inWUa-bXnch feedback definiWiRn deUiYeV fURm Whe 
facW WhaW iW iV a kind Rf V\VWem WhaW WUeaWV Whe bXnch Rf SaU-
WicleV nRW aV a Uigid bRd\ aV in Whe bXnch-b\-bXnch feed-
back bXW cRnVideUing each bXnch VSliW in VeYeUal VliceV. 

Hence, Whe V\VWem aSSlieV an indiYidXal cRUUecWiRn Vignal 
kick WR each bXnch Vlice. IW iV nRWeZRUWh\ WR XndeUline WhaW 
a VWandaUd bXnch-b\-bXnch V\VWem ZRUking Rn Whe cenWURid 
Rf Whe bXnch iV VWill XVXall\ neceVVaU\.  

QXiWe Whe RSSRViWe, Whe Zideband name haV been chRVen 
fRU Whe fXndamenWal imSRUWance WR haYe a Zide fUeTXenc\ 
band fRU WhiV kind Rf feedback. B\ XVing WhiV definiWiRn, Whe 
main WechnRlRgical feaWXUe and challenge iV UeSRUWed in Whe 
name.  

The e-clRXd feedback definiWiRn jXVW UemembeUV Whe 
main gRal Rf Whe V\VWem, i.e. WR miWigaWe Whe e-clRXd effecWV 
Rn Whe beamV. 

A LARGE COLLABORA7ION 
AfWeU Whe \eaU 2009, JRhn FR[ VWaUWed WR aVk fXndV WR Whe 

LARP SURgUam in USA fRU UeVeaUch Rn a neZ W\Se Rf feed-
back, able WR damS bXnch VliceV indeSendenWl\ and WR be 
imSlemenWed in SPS/LHC. The LARP (U.S. LHC AcceleU-
aWRU ReVeaUch PURgUam) cRnViVWV Rf fRXU labRUaWRUieV, 
BURRkhaYen NaWiRnal LabRUaWRU\ (BNL), FeUmi NaWiRnal 
AcceleUaWRU LabRUaWRU\ (FNAL), LaZUence BeUkele\ Na-
WiRnal LabRUaWRU\ (LBNL) and SWanfRUd LineaU AcceleUaWRU 
CenWeU (SLAC).  

The\ cRllabRUaWe ZiWh CERN and RWheU inVWiWXWiRnV in Whe 
cRnWe[W Rf Whe High LXminRViW\ LHC SURgUam (HL_LHC) 
Rn Whe LaUge HadURn CRllideU in RUdeU WR: 

a) Make mRUe lXminRViW\, in an eaUl\ VWage. 
b) CRllabRUaWe in inWeUacWiRn UegiRn XSgUadeV, WR make 

mRUe lXminRViW\, in a VXbVeTXenW VWage. 
c) UVe, deYelRS, and SUeVeUYe XniTXe U.S. UeVRXUceV 

and caSabiliWieV. 
UnfRUWXnaWel\, Whe LARP fXnding WR Whe WBFS ended Rn 

SeSWembeU 2017.  
The fiUVW geneUal Walk Rn Whe SURjecW ZaV SUeVenWed aW Whe 

IPAC¶10 cRnfeUence held aW K\RWR and JRhn FR[ SURSRVed 
an ³SPS E-clRXd Feedback´ [1]. AlRng Whe fRllRZing \eaUV, 
a laUge cRllabRUaWiRn gUeZ ZiWh Whe inWeUeVW Rf e[SeUWV fURm 
man\ labRUaWRUieV aURXnd Whe ZRUld, aV UeSRUWed in Whe An-
ne[ A.  

The fiUVW gRal Rf Whe SURjecW ZaV WR imSlemenW Whe neZ 
feedback in SPS Uing aW CERN aV SaUW Rf Whe LIU (LHC 
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InjecWRU USgUade) SURgUam. A SURWRW\Se Rf Whe WBFS ZaV 
deYelRSed and WeVWed Rn Whe SPS SURWRn beam and Whe SURRf 
Rf SUinciSle ZaV achieYed ZiWh Vingle bXnch aV VhRZn in 
FigXUe 1, and UeSRUWed in [2].  

 
Figure 1: The effect of the WBFS on SPS beam current, 

from K. Li talk at LIU MD Days, 15/3/2018 [2]. 
 

The main R&D acWiYiWieV aUe RXWlined in Whe fRllRZing 
SRinWV: 

a) WR chaUacWeUi]e Whe SickXSV inVWalled in Whe SPS Uing 
in Whe SaVW WR figXUe RXW if Whe\ VhRZed Whe needed 
fUeTXenc\ band and flaWneVV fRU Whe bXnch VignalV. 

b) TR deYelRS a neZ feedback digiWal XniW able WR SUR-
ceVV 8 RU 4 GVamSleV/V [3-4] and WR RXWSXW Whe cRm-
SXWed cRUUecWiRn Vignal fRU each Vlice, Vee FigXUe 2. 

c) TR idenWif\ SRZeU amSlifieUV ZiWh a bandZidWh Rf 1 
GH] and VhRZing a cRUUecW 2 nV imSXlVe UeVSRnVe. 

d) TR caUU\ Rn R&D effRUWV WR eYalXaWe Whe beVW Zide 
band kickeU (1 GH]) WR Zhich aSSl\ing Whe cRUUec-
WiRn Vignal. 

e) TR inVWall and WeVW Whe neZ WBFS Rn Whe SPS SURWRn 
beam. 

 
 

 

 
Figure 2: Layout of the WBFS, from [3]. 

 
The main effRUWV Rf Whe cRllabRUaWiRn ZeUe VhaUed be-

WZeen Whe inWeUeVWed labRUaWRUieV deSending Rn Whe Vkill Rf 
Whe UeVeaUcheUV. HRZeYeU, Whe b) and d) acWiYiWieV haYe Ue-
TXeVWed Whe mRUe imSRUWanW R&D manSRZeU. The b) WaVk, 
WR deYelRS Whe digiWal SURceVVing XniW, ZaV caUUied Rn 
mainl\ b\ Whe SLAC Weam, Zhile Whe d) acWiYiW\, kickeU 
VWXdieV, ZeUe VhaUed beWZeen LBNL, CERN, SLAC and 
INFN/LNF WeamV. RegaUding Whe c) WaVk (SRZeU amSlifieU), 

Whe JaSaneVe cRnWUibXWiRn ZaV UeleYanW WR idenWif\ Whe beVW 
VRlXWiRn. Of cRXUVe Whe e) WaVk, inVWallaWiRn and WeVW aW SPS, 
UeTXiUed big effRUWV fURm Whe CERN feedback Weam. 

IW iV imSRUWanW WR highlighW fRU Whe fRllRZing diVcXVViRn, 
WhaW in Whe SPS VWRUage Uing Whe inWUa-bXnch feedback SUR-
ceVVeV SURWRn bXncheV haYing a lengWh Rf 1.7 nV and diYideV 
Whe bXnch in 16 VliceV. TheVe feaWXUeV aUe UeSRUWed in Whe O. 
TXUgXW¶V Walk and SaSeU fRU Whe IPAC16 [5-6]. 

DAFNE 7EAM CON7RIB87ION6 
AW LNF, Whe IWalian labRUaWRU\, fURm Whe end Rf 2011, 

VRme UeVeaUcheUV and engineeUV Rf Whe DAFNE Weam VWaUW 
WR cRllabRUaWe ZiWh Whe SLAC/CERN/LBNL WaVk fRUce aV 
SaUWiciSaWing WR Hi-LXmi-LHC cRllabRUaWiRn fXnded b\ EU 
(NRYembeU 2011-2015, ZiWhin Whe FP7, VeYenWh FUame-
ZRUk PURgUamme) WR incUeaVe Whe LHC lXminRViW\. 

In SaUWicXlaU effRUWV ZeUe caUUied Rn WR eYalXaWe Whe mRUe 
VXiWable kickeU WR be imSlemenWed cRnVideUing Whe laUge 
fUeTXenc\ bandZidWh Rf Whe VignalV. SeYeUal deVignV ZeUe 
cRnVideUed [7]. 

In SaUWicXlaU, WhUee diffeUenW kickeU W\SeV ZeUe VWXdied 
and cRmSaUed:  

a) 10 cm lRng VWUiSline kickeU deVigned WR haYe a laUge 
fUeTXenc\ bandZidWh b\ S. De SanWiV aW ALS BeUkele\ (in-
VWalled in SPS in 2016);  

b) Whe VlRWWed kickeU VWXdied aW Whe beginning mainl\ b\ 
J. CeVaUaWWR;  

c) an aSSURach baVed Rn VeYeUal RF caYiWieV SURSRVed b\ 
A. GallR fURm LNF. 

The LNF Weam ZaV inYRlYed Rnl\ in Whe b) and c) caVeV. 
Indeed, JRhn M. CeVaUaWWR VSenW feZ ZeekV aW LNF in 

2013 ZRUking Rn Whe VlRWWed kickeU and fXnded b\ Whe FAI 
(³FRndR AffaUi InWeUna]iRnali´) SURgUam Rf INFN. The 
ZRUk dRne anal\Ved WhUee diffeUenW deVignV YeUVXV SeUfRU-
mance and imSedance Rf Whe kickeU [8], Vee FigXUe 3. 

 
Figure 3: Quarter models of three slotted kickers studied. 

 
The VlRWWed-W\Se kickeU geRmeWUieV, eYalXaWed b\ HFSS, 

aUe VimilaU WR WhaW XVed fRU Whe VWRchaVWic cRRling: 
a)  Whe VlRWWed-ZaYegXide kickeU cRnViVWV Rf a ZaYegXide 

cRXSled WR a beam SiSe Yia VlRWV. 

ECLOUD’18 PROCEEDINGS

224



b)  The VlRWWed-Uidged ZaYegXide iV an e[WenViRn Rf Whe 
VlRWWed-ZaYegXide kickeU ZheUe Whe Uidge cRncenWUaWeV Whe 
field. 

c) The VlRWWed-cRa[ial kickeU haV a cRa[ial WUanVmiVViRn 
line ZiWhin Whe ZaYegXide. 

In Whe FigXUe 3 Whe TXaUWeU mRdel geRmeWUieV Rf WhUee 
VlRWWed kickeUV aUe SUeVenWed.  

The VWXd\ bURXghW eYenWXall\ WR an engineeUed YeUViRn 
Rf Whe c) RSWiRn, haYing 1 m Rf lengWh, laWeU deVigned aW 
CERN WR be inVWalled in SPS Uing in Whe JXne 2018. In WhiV 
caVe, Whe VlRWWed kickeU fUeTXenc\ band iV cRmSlemenWaU\ 
WR Whe Rne Rf Whe VWUiSline kickeUV, alUead\ inVWalled in Whe 
SaVW in SPS. Indeed, Whe VlRWWed kickeU achieYeV a beWWeU Ue-
VSRnVe aW Whe higheU fUeTXenc\, beWZeen 0.7 and 1 GH]. 

GRing WR Whe c) RSWiRn, Whe RF caYiWieV baVed, iW haV Ue-
mained aW a SUeliminaU\ VWage XS WR nRZ. ThiV aSSURach 
SURSRVed b\ A. GallR [9-10] ZiVheV WR RSeUaWe Rn Whe bXnch 
b\ VSliWWing Whe cRUUecWiRn Vignal in VeYeUal fUeTXenc\ 
bandV WhaW need WR be aSSlied aW RF caYiWieV and VWUiSline 
kickeUV.  

EYen if iW iV a YeU\ inWeUeVWing aSSURach, WhiV deVign ZaV 
nRW caUUied Rn XS WR nRZ mRVW likel\ fRU Whe difficXlW\ WR 
eTXali]e and WR Wime Whe diffeUenW fUeTXenc\ bandV Rf Whe 
bXnch cRUUecWiRn Vignal aV Zell aV fRU Whe imSedance added 
WR Whe Uing. NeYeUWheleVV, iW cRXld be deYelRSed and in-
VWalled in Whe ne[W \eaUV in SPS if fXnded b\ a neZ R&D 
SURgUam. 

AV VhRZn in Whe FigXUe 4, Whe cRUUecWiRn Vignal, afWeU Whe 
eTXali]aWiRn and Whe FRXUieU WUanVfRUm e[SanViRn, iV VSliW 
and aSSlied UeVSecWiYel\ WR a caYiW\ RU VWUiSline kickeU 
ZRUking XS WR f0 (400 MH]) and WR RWheU WZR caYiWieV 
ZRUking aURXnd 2f0 (800 MH]) and 3f0 (1200 MH]), bRWh 
XVing Whe TM110 deflecWing mRde. 

 
Figure 4: Deflecting voltages delivered by striplines and 
TM010 single cell cavities excited with 1 kW RF power. 

A FEA6IBILI7< 678D< FOR DAFNE-7F 
EYen if aW Whe SUeVenW nR fXndV fURm SLAC and LNF aUe 

aYailable fRU neZ acWiYiWieV, aW LNF in Whe DecembeU 2018, 
an ICFA and ARIES Mini-WRUkVhRS Rn DAFNE aV OSen 
AcceleUaWRU TeVW FaciliW\ (DAFNE-TF) Zill be held [11]. 

The ZRUkVhRS iV inWended WR diVcXVV Whe inWeUeVW fURm 
VcienWiVWV WR acceVV Whe DAFNE e+ e- cRmSle[, Zhich Zill 
cRnclXde iWV Sh\VicV SURgUam aV cRllideU in 2020. An infUa-
VWUXcWXUe almRVW XniTXe, WhaW cRXld RSen aV WeVW faciliW\ WR 
Whe inWeUnaWiRnal cRmmXniW\ fRU VWXdieV Rf acceleUaWRU Wech-
nRlRgieV and beam Sh\VicV, fRU Vmall e[SeUimenWV, and WR 
be XVed aV a WeVW bed fRU enWeUSUiVeV acWiYe in Whe VecWRU Rf 
cRmSRnenWV fRU acceleUaWRUV. 

GiYen WhaW Whe inWUa-bXnch feedback XS WR nRZ haV neYeU 
been imSlemenWed fRU leSWRn VWRUage UingV, a SURSRVal fRU 
DAFNE-TF can be dUaZn XS. Of cRXUVe, in caVe Rf aS-
SURYal, iW needV WR be fXnded. 

The inWeUeVW in a leSWRn VWRUage Uing ZRXld be nRW Rnl\ in 
Whe e+ Uing WR cRSe Whe e-clRXd effecWV bXW alVR in Whe e- Uing 
fRU a SRVVible aSSlicaWiRn WR miWigaWe Whe TUanVYeUVe MRde 
CRXSling InVWabiliW\ (TMCI). 

The main limiWaWiRn fRU XVing an inWUa-bXnch feedback in 
DAFNE iV in Whe WRR VhRUW lengWh Rf Whe bXnch. WiWh Whe 
SUeVenW cRnfigXUaWiRn, WhiV iV abRXW 300 SV. GiYen WhaW Whe 
main RF fUeTXenc\ iV a368 MH], each bXckeW iV a2.7 nV, 
ZiWh a Vemi-SeUiRd Rf 1.35 nV. FURm a cRmSaUiVRn ZiWh Whe 
SPS bXnch lengWh Veen abRYe, iW iV neceVVaU\ WR VWUeWch Whe 
DAFNE bXnch aV mRUe aV SRVVible. 

WiWh UeVSecW WR SPS beam XVing Whe inWUa-bXnch feed-
back in Whe YeUWical Slane, aW DAFNE Whe e-clRXd effecWV 
UeTXiUe a V\VWem in Whe hRUi]RnWal Slane ZheUe Whe inVWabil-
iW\ iV VWURngeU Whan in Whe YeUWical Slane [12-13]. The inWUa-
bXnch feedback cRXld helS WR VWRUe mRUe beam cXUUenW Whan 
Whe 1.2A WhaW haV been achieYed fRU Whe e+ Uing in DAFNE 
XS WR nRZ. 

A beam d\namicV VimXlaWiRn VWXd\ needV WR be caUUied 
Rn in RUdeU WR be able WR VWRUe in Whe Uing a YeU\ lRng bXnch 
(a1.0-1.3 nV). ThiV YalXe fRU Whe bXnch lengWh VeemV feaVi-
ble, mRVW likel\ b\ XVing a WhiUd haUmRnic caYiW\ WR VWUeWch 
Whe bXncheV. An iVVXe cRXld aUiVe WR find VSace fRU Whe neZ 
caYiW\. IW mRVW likel\ VhRXld be Slaced in Whe VecRnd inWeU-
acWiRn UegiRn.  

GRing WR Whe feedback deVign, iW haV WR be added WR Whe 
RWheU WhUee V\VWemV (hRUi]RnWal, YeUWical and lRngiWXdinal). 
AW Whe SUeVenW in Whe DAFNE e+ Uing WheUe iV a VecRnd hRU-
i]RnWal feedback ZiWh a VWUiSline kickeU. ThiV cRmSlemen-
WaU\ V\VWem cRXld be Waken Rff and a VlRWWed kickeU can be 
Slaced ZheUe nRZ iV lRcaWed Whe VecRnd hRUi]RnWal VWUiSline 
kickeU. The aYailable VSace iV abRXW Rne meWeU. 

A 4 GSamSleV/V SURceVVing XniW iV neceVVaU\ and ma\be 
iW can be bRUURZed fURm SLAC RU fURm CERN. 

OWheUZiVe iW needV WR be deVigned again SaUWiall\ RU fXll\. 
AW LNF WheUe aUe RWheU daWa acTXiViWiRn V\VWemV WhaW can be 
adaSWed UeSURgUamming Whe FPGA cRde and making VRme 
Vmall haUdZaUe mRdificaWiRnV [14]. See in FigXUe 5 Whe 
eighW daWa acTXiViWiRn V\VWemV ZRUking in SaUallel fRU Whe 
e[SeUimenW 3+L in DAFNE e+ Uing. 

AV WhiUd RSWiRn, a cRmSleWel\ neZ digiWal V\VWem VhRXld 
be deVigned. ThiV VRlXWiRn ZRXld haYe Whe adYanWage WR XVe 
VWaWe-Rf-aUW cRmSRnenWV, eYen if iW Zill be mRUe e[SenViYe. 

AV VWaUWing SRinW, a nXmbeU Rf 8 VliceV (8 channelV fRU 
each bXnch) VeemV WR be VXfficienW aV SURceVVing SRZeU. 
HRZeYeU, Whe SPS V\VWem imSlemenWV Whe dRXble, 16 chan-
nelV, aV UeSRUWed abRYe. 
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FXUWheUmRUe, fRU bXdgeW UeaVRnV, iW iV neceVVaU\ WR fRUe-
Vee Whe neceVVaU\ SRZeU. The SRZeU amSlifieUV aUe Whe mRVW 
e[SenViYe iWemV in Whe feedback. AW Whe SUeVenW, in Whe 
DAFNE e+ Uing Whe bXnch-b\-bXnch V\VWemV haYe laVW 
VWage amSlifieUV Rf 2[250W in Whe hRUi]RnWal Slane, and Whe 
Vame in Whe YeUWical Rne. A VecRnd hRUi]RnWal bXnch-b\-
bXnch feedback iV Uead\ bXW VWill WR be WeVWed ZiWh Whe beam, 
being eTXiSSed ZiWh 2[500W amSlifieUV. FRU Whe inWUa-
bXnch, 250 W SRZeU VeemV UeaVRnable WR begin Whe e[SeU-
imenW, eYen if iW cRXld be XVefXl WR fRUeVee a laWeU incUemenW 
Rf Whe SRZeU XS WR 1kW. 

 

 
Figure 5: DAFNE 3+L data acquisition system based on 8 

FPGA based boards working in parallel. 

AfWeU all Whe SUeYiRXV cRnVideUaWiRnV, Whe fXndV WR imSle-
menW Whe WBFS in DAFNE e+ Uing ZRXld be Rf Whe RUdeU 
Rf 300k eXUR, ZiWhRXW cRnVideUing Whe cRVWV fRU Whe man-
SRZeU. 

 

CONCL86ION 
TUaQVYeUVe LQVWabLOLWLeV SURdXced b\ e-cORXd eIIecW caQ 

OLPLW bRWK beaP aQd VLQJOe bXQcK cXUUeQWV LQ SURWRQ aQd 
SRVLWURQ beaPV. TKe ZLdebaQd IeedbacN KaV aOUead\ beeQ 
dePRQVWUaWed aW SPS WKaW LW LV a SRZeUIXO LQVWUXPeQW WR 
PLWLJaWe WKe LQWUa-bXQcK LQVWabLOLWLeV. 

NeYeUWKeOeVV, WKeUe LV QR PRUe IXQdLQJ IURP LARP 
aQd HL-LXPL-LHC WR cRQWLQXe WKe R&D acWLYLWLeV. 

AIWeU WKe \eaU 2020, DAFNE-TF cRXOd RIIeU WKe 
RccaVLRQ WR LPSOePeQW a ZLdebaQd IeedbacN V\VWeP LQ a 
SRVLWURQ ULQJ. GLYeQ WKe beaP cXUUeQW OLPLWV LQ DAFNE IRU 
WKe e-cORXd eIIecWV LQ WKe KRUL]RQWaO SOaQe, LW ZRXOd be PRUe 
LQWeUeVWLQJ WR deVLJQ LW IRU WKLV SOaQe.  

AV cRQVeTXeQce, WKe NLcNeU deVLJQ VKRXOd be dLIIeUeQW 
IURP SPS ZKeUe LW LV ZRUNLQJ LQ WKe YeUWLcaO SOaQe.  

AW a ILUVW aWWePSW, WKe bXdJeW IRU WKe e[SeULPeQW cRXOd 
be OLPLWed WR abRXW 300N¼. IQ caVe RI aSSURYaO RI WKe 
SURMecW, VWXdLeV IRU XQdeUVWaQdLQJ KRZ WR VWUeWcK WKe 
bXQcKeV VKRXOd be caUULed RQ aV VRRQ aV SRVVLbOe WR KaYe a 
cRUUecW eYaOXaWLRQ RI WKe beaP cKaUacWeULVWLcV, 
UePePbeULQJ WKaW a WRR VKRUW bXQcK caQQRW be XVeIXO IRU 
WKe LQWUa-bXQcK IeedbacN V\VWeP. 
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