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Abstract 
ISIS iV Whe pXlVed VpallaWion neXWUon and mXon VoXUce aW 

Whe RXWheUfoUd AppleWon LaboUaWoU\ in Whe UK. OpeUaWion 
cenWUeV on a Uapid c\cling pUoWon V\nchUoWUon (RCS) Zhich 
acceleUaWeV 3î1013 pUoWonV peU pXlVe fUom 70 MeV Wo 
800 MeV aW 50 H], deliYeUing a mean beam poZeU of 
0.2 MW.  

ReVeaUch and deYelopmenW aW ISIS aUe focXVed on ke\ 
aVpecWV of high inWenViW\ opeUaWion ZiWh a YieZ Wo 
incUeaVing beam inWenViW\ on WaUgeW, XndeUVWanding loVV 
mechaniVmV and idenWif\ing Yiable XpgUade UoXWeV. AW 
pUeVenW, Whe main limiWaWion on beam inWenViW\ aW ISIS iV 
beam loVV aVVociaWed ZiWh Whe head-Wail inVWabiliW\. 

ThiV papeU pUeVenWV neZ meaVXUemenWV of Whe head-Wail 
inVWabiliW\ in boWh RCS and VWoUage Uing modeV ZhilVW 
highlighWing Whe diffeUenceV beWZeen WheVe and WheoUeWical 
pUedicWionV. MacUo-paUWicle VimXlaWionV of Whe inVWabiliW\ 
aUe VhoZn in compaUiVon ZiWh e[peUimenWal daWa. Finall\, 
pUeliminaU\ WeVWV of an acWiYe WUanVYeUVe feedback V\VWem 
Wo damp Whe inVWabiliW\ aUe alVo pUeVenWed. 

IN7ROD8C7ION 
The head-Wail inVWabiliW\ iV a pUimaU\ conceUn foU high 

inWenViW\ opeUaWion in man\ hadUon V\nchUoWUonV inclXding 
ISIS and iWV pUopoVed XpgUadeV [1]. The inVWabiliW\ impoVeV 
an inWenViW\ limiW on opeUaWionV WhUoXgh aVVociaWed beam 
loVV and conVeqXenW XndeViUed machine acWiYaWion. 

The ISIS S\nchroWron 
ISIS opeUaWion cenWUeV on a 10 VXpeUpeUiod Uapid c\cling 

V\nchUoWUon (RCS) ZiWh a 163 m ciUcXmfeUence. IW 
acceleUaWeV 3î1013 pUoWonV peU pXlVe fUom 70 ± 800 MeV 
on Whe 10 mV UiVing edge of a VinXVoidal main magneW field 
(beloZ WUanViWion WhUoXghoXW). The UepeWiWion UaWe of 50 H] 
UeVXlWV in an aYeUage beam poZeU on WaUgeW of 0.2 MW. 

InjecWion inWo Whe V\nchUoWUon iV Yia chaUge e[change of 
a 70 MeV, 25 mA Hí beam oYeU a150 WXUnV ZiWh painWing 
oYeU boWh WUanVYeUVe accepWanceV, collimaWed aW 
a300 ʌ mm mUad. The Xn-chopped, injecWed beam iV non-
adiabaWicall\ bXnched and acceleUaWed b\ Whe Uing dXal 
haUmonic RF V\VWem (h = 2, 4) Uamping in fUeqXenc\ fUom 
1.3 ± 3.1 MH] (h = 2). ThiV UeVXlWV in WZo long bXncheV 
eqXall\ Vpaced aUoXnd Whe Uing. Nominal beWaWUon WXneV aUe 
(𝑄௫, 𝑄௬) = (4.31, 3.83) ZiWh peak incoheUenW WXne VhifWV 
e[ceeding a -0.5. Beam inWenViW\ iV cXUUenWl\ limiWed b\ 
beam loVV and aVVociaWed acWiYaWion ZiWh Whe main dUiYing 
mechaniVmV being foil loVVeV, longiWXdinal WUapping, 
WUanVYeUVe Vpace chaUge and Whe head-Wail inVWabiliW\ [2]. 
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Head-Tail ObVerYaWionV aW ISIS 
MeaVXUemenWV of head-Wail on Whe ISIS V\nchUoWUon haYe 

conViVWenWl\ VhoZn WhaW Whe WZo pUoWon bXncheV e[hibiW 
YeUWical head-Wail moWion 1 ± 2.5 mV WhUoXgh Whe 10 mV 
acceleUaWion c\cle [3, 4]. ISIS opeUaWeV aW Whe naWXUal 
machine chUomaWiciWieV (𝜉௫ = 𝜉௬ = -1.4, noUmaliVed), 
ZiWhoXW Ve[WXpole coUUecWion. The inVWabiliW\ iV cXUUenWl\ 
VXppUeVVed b\ Uamping Whe YeUWical WXne doZn, aZa\ fUom 
Whe inWegeU (𝑄௬ = 4), and making Whe longiWXdinal chaUge 
diVWUibXWion aV\mmeWUic dXUing Whe Wime of Whe inVWabiliW\ 
XVing Whe dXal haUmonic RF V\VWem. BoWh longiWXdinal and 
YeUWical injecWion painWing alVo haYe a VWUong inflXence on 
Whe VenViWiYiW\ Wo Whe inVWabiliW\. HoZeYeU, ZiWh incUeaVing 
beam cXUUenWV WheVe miWigaWion VWUaWegieV become leVV 
effecWiYe. LoZeUing Whe WXne fXUWheU WendV Wo indXce beam 
loVV aVVociaWed ZiWh Whe half inWegeU UeVonance [5, 6] and 
injecWion painWing and longiWXdinal diVWUibXWion aV\mmeWU\ 
haYe alUead\ been opWimiVed fXll\. 

 
FigXUe 1: E[ample VXm (blXe) and diffeUence (Ued) YeUWical 
poViWion moniWoU VignalV oYeU VeYeUal WXUnV aUoXnd 2 mV 
WhUoXgh Whe acceleUaWion c\cle dXUing noUmal opeUaWionV.  

A W\pical e[ample of obVeUYed head-Wail moWion dXUing 
noUmal, high inWenViW\ opeUaWionV iV VhoZn in Fig. 1. The 
longiWXdinal bXnch aV\mmeWU\ iV cleaU in Whe Beam 
PoViWion MoniWoU (BPM) VXm Vignal and inWUa-bXnch, head-
Wail moWion iV indicaWed b\ Whe diffeUence Vignal.  

In oUdeU Wo UemoYe Vome of Whe comple[iWieV of high 
inWenViW\ d\namicV, fXUWheU meaVXUemenWV of Whe inVWabiliW\ 
ZeUe made aW loZeU inWenViW\ and ZiWh Vingle haUmonic RF 
Wo WeVW againVW SacheUeU WheoU\ [7]. TheVe demonVWUaWe a 
cleaU 𝑚 = 1 mode VWUXcWXUe (one node along Whe bXnch) aV 
VhoZn in Whe BPM diffeUence Vignal in Fig. 2; Zhile WheoU\ 
pUedicWV a higheU gUoZWh UaWe foU Whe 𝑚 = 2 mode (2 nodeV 
along Whe bXnch). SWXdieV aUe ongoing Wo deWeUmine Whe 
caXVe of WhiV diVcUepanc\. 
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6IM8LA7ION MODEL  
A VWand-alone macUo-paUWicle VimXlaWionV code haV been 

ZUiWWen Wo VWXd\ head-Wail behaYioXU on ISIS [4]. The code 
inclXdeV a benchmaUked longiWXdinal d\namicV code ZiWh 
VmooWh focXVing WUanVYeUVe d\namicV and WUanVYeUVe 
Zakefield kickV Wo VimXlaWe Whe inWeUacWion beWZeen Whe 
beam and iWV enYiUonmenW. 

 
FigXUe 2: E[ample VXm (blXe) and diffeUence (Ued) YeUWical 
poViWion moniWoU VignalV oYeU VeYeUal WXUnV foU loZeU 
inWenViW\, Vingle haUmonic RF opeUaWion. 

In oUdeU Wo calcXlaWe Whe Zake dXe Wo a UeViVWiYe Zall oU 
UeVonaWoU impedance Whe beam iV Vliced longiWXdinall\ and 
Whe Zake calcXlaWed aW each Vlice dXe Wo XpVWUeam VliceV. 
ThiV ma\ inclXde ZakeV fUom pUeYioXV bXncheV, pUeceding 
WXUnV oU fUom VliceV ZiWhin Whe Vame bXnch. 

Benchmark 
FolloZing on fUom pUeYioXV compaUiVonV ZiWh coaVWing 

beam WheoU\ [4], Whe code haV been eYalXaWed againVW 
SacheUeU WheoU\ foU Vingle, loZ inWenViW\ bXnched beamV in 
Whe pUeVence of a naUUoZband UeVonaWoU Zake. The head-
Wail inVWabiliW\ ZaV chaUacWeUiVed b\ iWV mode nXmbeU and 
iWV gUoZWh UaWe aV a fXncWion of beam inWenViW\, WXne and 
chUomaWiciW\. 

FoU WhiV benchmaUk VWXd\, one XlWUa-UelaWiYiVWic bXnch 
ZaV VimXlaWed ZiWh Vingle haUmonic RF, a Hofmann-
PedeUVen longiWXdinal diVWUibXWion [8] of lengWh 100 nV and 
a maWched WUanVYeUVe ZaWeUbag diVWUibXWion of 100% 
emiWWance 300 ʌ mm mUad. The naUUoZband UeVonaWoU had 
a UeVonanW fUeqXenc\ of 312 kH], a WUanVYeUVe VhXnW 
impedance of 10 Mȍ/m and a qXaliW\ facWoU of 15. 

 
FigXUe 3: E[ample VimXlaWion oXWpXW ZiWh VXm (lefW) and 
diffeUence (UighW) YeUWical poViWion moniWoU VignalV oYeU 
VeYeUal WXUnV. 

To VimXlaWe a BPM Whe aYeUage WUanVYeUVe diVplacemenW 
(∆𝑦) and Whe macUo-paUWicle popXlaWion (𝐼) ZaV calcXlaWed 
foU each longiWXdinal Vlice (𝑖) and each VimXlaWed WXUn of 

Whe machine. The BPM diffeUence Vignal ZaV When 
compXWed aV Whe pUodXcW of WheVe facWoUV (∆𝑦𝐼 = Whe dipole 
momenW of Whe beam), e[ample VhoZn in Fig. 3. The 
gUoZWh UaWe ZaV dedXced fUom an e[ponenWial fiW Wo Whe 
laUgeVW beWaWUon Videband aV a fXncWion of Wime, calcXlaWed 
fUom FoXUieU WUanVfoUmV of Whe VimXlaWed diffeUence Vignal 
VegmenWed in Wime. 

FigXUe 4, lefW, VhoZV Whe gUoZWh UaWe aV a fXncWion of 
beWaWUon fUeqXenc\. The dependence of gUoZWh UaWe on 
chUomaWiciW\ iV VhoZn in Fig. 4, UighW. All ke\ aVpecWV of 
ph\VicV behaYioXU aUe coUUecW ZiWh Whe gUoZWh UaWe peaking 
aW Whe UeVonanW fUeqXenc\ and decUeaVing aV Whe chUomaWic 
fUeqXenc\ VhifWV aZa\ fUom Whe loZ UeVonanW fUeqXenc\ of 
Whe impedance (a chUomaWic fUeqXenc\ of 312 kH] occXUV 
aW a chUomaWiciW\ of 0.0017). The head-Wail mode nXmbeU 
alVo changeV ZiWh chUomaWiciW\ aV pUedicWed. 

 
FigXUe 4: GUoZWh UaWe (blXe) and UeVonaWoU impedance (Ued) 
YeUVXV fUeqXenc\ (lefW) and gUoZWh UaWe YeUVXV noUmaliVed 
chUomaWiciW\ (UighW). 

CompariVon ZiWh MeaVXremenW 
IniWial compaUiVonV beWZeen WheoU\, VimXlaWion and 

obVeUYaWion haYe been made foU loZeU inWenViW\, Vingle 
haUmonic RF beamV aW ISIS. SimXlaWionV aVVXmed a Whick 
UeViVWiYe Zall impedance ZiWh Whe beam pipe condXcWiYiW\ 
aUWificiall\ modified Wo maWch Whe meaVXUed impedance aW 
Whe dominanW, loZeVW beWaWUon Videband. RecenW beam-
baVed meaVXUemenWV of Whe effecWiYe impedance aW ISIS [4] 
indicaWe a loZ fUeqXenc\ (85 kH]) naUUoZband W\pe 
impedance WogeWheU ZiWh UeViVWiYe Zall. 

FigXUe 5 VhoZV Whe meaVXUed (lefW) and VimXlaWed (UighW) 
YeUWical beam poViWion moniWoU diffeUence Vignal oYeU 
VeYeUal WXUnV. SimXlaWionV agUee ZiWh eVWabliVhed WheoU\ 
VhoZing a 𝑚 = 2 mode VWUXcWXUe. HoZeYeU, aV ZiWh 
pUeYioXV VWXdieV, WhiV doeV noW maWch e[peUimenWal 
obVeUYaWionV Zhich e[hibiW a peUViVWenW 𝑚 = 1 mode 
VWUXcWXUe. 

 
FigXUe 5: CompaUiVon of BPM diffeUence VignalV foU a) 

e[peUimenW ZiWh b) VimXlaWion foU loZ inWenViW\, Vingle 
haUmonic RF, RCS beamV aW appUo[imaWel\ 2 mV WhUoXgh 
acceleUaWion. 
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7HE I6I6 DAMPING 6<67EM 
Head-Wail moWion ma\ be coXnWeUacWed ZiWh Whe XVe of a 

WUanVYeUVe feedback V\VWem [9]. ThiV meWhod haV been 
implemenWed aW ISIS b\ XVing one of Whe e[iVWing BPMV aV 
a pickXp and Whe YeUWical beWaWUon e[ciWeU [10] aV a kickeU, 
alloZing foU a UedXced deYelopmenW Wime foU a ZoUking 
pUoWoW\pe. The kickeU and BPM aUe VepaUaWed b\ a beWaWUon 
phaVe adYance of 266� foU a YeUWical WXne 𝑄௬ = 3.80 [11]. 
The pUoceVVing elecWUonicV and poZeU amplifieUV aUe 
locaWed 150 m aZa\ in an aUea fUee of ioni]ing UadiaWion. 

ISIS BPMV aUe c\lindUical VpliW elecWUode W\pe ZiWh WheiU 
peUfoUmance chaUacWeUiVed b\ Whe UaWio of elecWUode YolWage 
Wo beam cXUUenW [12]. The cXW-off fUeqXenc\ of Whe BPM haV 
been loZeUed Wo 11 kH] b\ WeUminaWing Whe capaciWiYe 
elecWUodeV inWo 100 kΩ UeViVWoUV. FiniWe elemenW VimXlaWionV 
of a Vimplified YeUVion of WhiV moniWoU ZeUe peUfoUmed ZiWh 
boWh CST PaUWicle and MicUoZaYe SWXdioV Wo YeUif\ Whe 
e[pecWed peUfoUmance [13]. 

The ISIS YeUWical beWaWUon e[ciWeU oU ³Q-KickeU´ iV a 
balanced WUanVmiVVion line kickeU ZiWh ZindoZ fUame 
feUUiWeV VXUUoXnding elecWUodeV aboYe and beloZ Whe beam. 
SeYen lXmped capaciWoUV connecW each elecWUode Wo Whe 
bod\ and a high poZeU UeViVWoU WeUminaWeV each elecWUode 
aW Whe XpVWUeam apeUWXUe. A phoWogUaph of Whe kickeU pUioU 
Wo inVWallaWion iV VhoZn in Fig. 6, Whe ceUamic chambeU 
mainWainV Whe YacXXm ZhilVW Whe plaWeV and feUUiWe aUe in aiU. 

 
FigXUe 6: ³Q-kickeU´ ZiWh Whe Wop half on Whe lefW, UeYealing 
Whe feUUiWeV, plaWeV, ceUamic YacXXm YeVVel and a 
WeUminaWing UeViVWoU. 

LLRF and DigiWal Signal ProceVVing 
The feedback V\VWem elecWUonicV block diagUam iV VhoZn 

in Fig. 7. The loZ-leYel RF (LLRF) analogXe elecWUonicV 
pUepaUe Whe BPM VignalV foU pUoceVVing, pUoYiding 
amplificaWion and gaWing. The Field PUogUammable GaWe 
AUUa\ (FPGA) block conViVWV of a NaWional InVWUXmenWV NI-
5781, 100 MS/V WUanVceiYeU Fle[-Rio fUonW end modXle 
[14], backed b\ a PXIe-7962R Fle[-Rio FPGA caUd. 

Each BPM elecWUode Vignal iV amplified VepaUaWel\ aW Whe 
pick-Xp, and fed Wo Whe LLRF block 150 m aZa\ ZheUe Whe 
diffeUenWial Vignal iV obWained WhUoXgh a 180� h\bUid 
combineU. ThiV Vignal iV When amplified and fed inWo Whe 
FPGA block Zhich VampleV Whe Vignal, applieV Whe UeqXiUed 

filWeUing, dela\V and VofWZaUe gain, aV Zell aV conYeUWing 
Whe pUoceVVed Vignal back Wo Whe analogXe domain.  

 
FigXUe 7: Feedback V\VWem elecWUonicV block diagUam. 

The dUiYing clock of Whe digiWal pUoceVVing VWage iV 
obWained b\ mXlWipl\ing Whe fXndamenWal RF haUmonic b\ 
30. ThiV cUeaWeV a fi[ed lengWh filWeU and digiWal dela\V 
pUopoUWional Wo Whe Uamping UeYolXWion fUeqXenc\. The 
oXWpXW gaWing conWUol and Whe filWeU coefficienWV VZiWching 
aUe dUiYen b\ fi[ed fUeqXenc\ clockV. A YaUiable digiWal 
dela\ iV applied Wo Whe pUoceVVed Vignal in oUdeU Wo 
compenVaWe foU Whe fi[ed dela\ of Whe cableV and 
elecWUonicV. ThiV dela\ decUeaVeV aV Whe UeYolXWion 
fUeqXenc\ incUeaVeV, V\nchUoniVing Whe coUUecWion Vignal 
ZiWh Whe beam aUUiYal aW Whe kickeU.  

DigiWal filWer 
A digiWal FiniWe ImpXlVe ReVponVe (FIR) filWeU iV XVed foU 

cloVed oUbiW offVeW VXppUeVVion and beWaWUon phaVe adYance 
coUUecWion. WiWhoXW pUopeU filWeUing, conVWanW cloVed oUbiW 
offVeWV caXVe DC dipole kickV and can VaWXUaWe Whe poZeU 
amplifieUV. The phaVe adYance beWZeen Whe pickXp and Whe 
kickeU, WogeWheU ZiWh a 3 WXUn Vignal pUoceVVing dela\, caXVe 
a YaUiable beWaWUon phaVe VhifW ZiWh Whe changing WXne 
dXUing acceleUaWion (paUWl\ Wo miWigaWe head-Wail). ThiV 
phaVe VhifW iV alVo compenVaWed ZiWh Whe filWeU. 

A 3-Wap FIR filWeU ZaV implemenWed Wo coYeU Whe Uange of 
beWaWUon WXneV ZhilVW Whe head-Wail inVWabiliW\ iV pUeVenW. 
The filWeU calcXlaWion iV VhoZn in Eq. (1) ZheUe Whe UeqXiUed 
kick, 𝑦, aW WXUn, 𝑛, iV Whe ZeighWed VXm of Whe beam Vlice 
poViWion meaVXUemenWV 𝑥, fUom WhUee pUeYioXV WXUnV. The 
ZeighWV (𝑏, 𝑏1 and 𝑏ଶ) aUe Whe calcXlaWed filWeU coefficienWV. 

𝑦ሾ𝑛ሿ ൌ 𝑏𝑥ሾ𝑛ሿ  𝑏1𝑥ሾ𝑛 െ 1ሿ  𝑏ଶ𝑥ሾ𝑛 െ 2ሿ. (1) 

To inclXde Whe fXll WXne Uange Whe filWeU coefficienWV aUe 
maWched aW VeYeUal poinWV dXUing Whe Uamp Wo Whe VeW WXne 
and iWV aVVociaWed beWaWUon phaVe, WXUn dela\ and phaVe 
adYance [15-17]. IniWial WeVWV of Whe d\namic filWeUV 
pUoYided moUe efficienW damping along Whe inVWabiliW\ 
Uegion. FigXUe 8 VhoZV Whe YeUWical WXne YaUiaWion dXUing 
Whe inVWabiliW\ and Whe filWeU coefficienWV foU Whe indicaWed 
WXne YalXeV. 

PoZer AmplifierV 
AV Whe kickeU iV a 10 Ω V\VWem, each elecWUode iV 

connecWed Wo a cXVWom deVign ElWac RA994 poZeU 
amplifieU [18] b\ fiYe URM-67 50 Ω cableV WeUminaWed in 
paUallel aW Whe kickeU end. ThiV amplifieU pUoYideV fiYe 
20 W oXWpXWV fUom a Vingle inpXW. 
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FigXUe 8: ISIS YeUWical WXne (Wop) YeUVXV Wime ZiWh 
coUUeVponding opWimiVed 3-Wap FIR filWeU coefficienWV 
(boWWom). 

E;PERIMEN7AL RE68L76 
The damping V\VWem haV been VXcceVVfXll\ WeVWed dXUing 

noUmal ISIS, high inWenViW\ opeUaWion, aW Whe fXll UepeWiWion 
UaWe of 50 H]. FigXUe 9 illXVWUaWeV Whe effecW of Whe damping 
V\VWem on Whe YeUWical head-Wail moWion aUoXnd 2 mV 
WhUoXgh acceleUaWion. The pXUple and Ued WUaceV VhoZ Whe 
BPM VXm VignalV ZiWh and ZiWhoXW damping VhoZing a 
negligible effecW on Whe longiWXdinal chaUge diVWUibXWion aV 
e[pecWed. The BPM diffeUence VignalV ZiWh (gUeen) and 
ZiWhoXW (blXe) damping demonVWUaWe Whe efficac\ of Whe 
damping V\VWem on Whe YeUWical head-Wail moWion. 

 
FigXUe 9: BPM VXm and diffeUence VignalV ZiWh (pXUple, 
gUeen UeVpecWiYel\) and ZiWhoXW (Ued, blXe UeVpecWiYel\) 
damping, oYeU 20 WXUnV aUoXnd 2 mV WhUoXgh acceleUaWion. 

The VXm of all Whe beam loVV moniWoUV aUoXnd Whe ISIS 
V\nchUoWUon iV VhoZn in Fig. 10 ZiWh and ZiWhoXW damping 
(gUeen and gUe\ UeVpecWiYel\). ThiV fXUWheU YalidaWeV Whe 
XVefXlneVV of Whe ISIS damping V\VWem: UedXcing beam loVV 
and hence machine acWiYaWion. FigXUe 10 UepUeVenWV a 
> 50% UedXcWion in loVV aboYe 120 MeV. The UeVidXal loVV 
obVeUYable aW 2 mV iV likel\ dXe Wo Whe Uapidl\ YaU\ing WXne 
and RF modificaWionV pXW in place Wo miWigaWe head-Wail 
ZiWhoXW Whe damping V\VWem.  

 
FigXUe 10: SXm of all beam loVV moniWoUV YeUVXV Wime ZiWh 
(gUeen) and ZiWhoXW (gUe\) damping; beam loVV oXWVide 
collimaWoU Uegion (pink). 

In oUdeU Wo opeUaWe Vafel\ ZiWhoXW VXpeUYiVion, iW iV 
planned Wo inVWall a V\VWem Wo pUoWecW Whe WeUminaWing 
UeViVWoUV on Whe kickeU againVW long WeUm oYeU-YolWage 
condiWionV. TheVe coXld occXU if Whe amplifieUV oU feedback 
V\VWem fail and VWaUW oVcillaWing aW ma[imXm ampliWXde. 
FXUWheU commiVVioning WeVWV aUe planned ZiWh a VloZeU WXne 
YaUiaWion and ZiWhoXW Whe impoVed longiWXdinal bXnch 
pUofile aV\mmeWU\.  

68MMAR< AND F878RE :ORK 

SimXlaWion Model 
ReVeaUch and deYelopmenW inWo Whe mechaniVm and 

miWigaWion of Whe head-Wail inVWabiliW\ aW ISIS haV been 
idenWified aV a high pUioUiW\. Ongoing ZoUk Wo bXild an 
inVWabiliW\ VimXlaWion model YeUified againVW WheoU\ haV 
been pUeVenWed. The macUo-paUWicle WUacking code haV been 
qXaliWaWiYel\ benchmaUked foU a naUUoZband UeVonaWoU aV a 
fXncWion of beam inWenViW\, WXne and chUomaWiciW\.  

FXUWheU ZoUk iV planned Wo benchmaUk Whe code ZiWh 
UeViVWiYe Zall ZakeV and compaUe Whe UeVXlWV ZiWh VimilaU 
codeV VXch aV P\HEADTAIL [19] and TRANFT [20]. 
Once YeUified ZiWh SacheUeU WheoU\, VimXlaWionV Zill be 
compaUed againVW a compUehenViYe VeW of head-Wail 
meaVXUemenWV made aW ISIS aV a fXncWion of inWenViW\, WXne 
and longiWXdinal VWUXcWXUe. DeYelopmenW of Whe VimXlaWion 
model Zill aid in diagnoViV of Whe dUiYing impedance 
behind head-Wail aW ISIS, help pUoYide miWigaWion VWUaWegieV 
and VXppoUW impUoYemenWV of Whe damping V\VWem. 

 ISIS Damping S\VWem 
A damping V\VWem haV been deYeloped foU Whe YeUWical 

plane in Whe ISIS V\nchUoWUon XVing an e[iVWing BPM and a 
feUUiWe loaded kickeU. The challengeV of a faVW Uamping 
acceleUaWoU ZiWh d\namic WXne YaUiaWion haYe been 
addUeVVed ZiWh a 3-Wap FIR filWeU ZiWh XpdaWing coefficienWV 
WhUoXgh Whe acceleUaWion c\cle. EffecWiYe damping of Whe 
head-Wail moWion pUeVenW dXUing noUmal ISIS opeUaWionV haV 
been achieYed dXUing WeVWV aW Whe fXll UepeWiWion UaWe of 
50 H]. ThiV haV UeVXlWed in a beam loVV UedXcWion of > 50% 
foU beam eneUgieV aboYe 120 MeV. 

The damping V\VWem cXUUenWl\ XVeV VeW WXneV, Zhich aUe 
inpXW manXall\, UaWheU Whan meaVXUed YalXeV.  CalcXlaWed 
YalXeV VhoXld pUoYide beWWeU filWeU coefficienWV and aV VXch 
damp inVWabiliWieV moUe efficienWl\. IW iV planned Wo 
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aXWomaWe Whe calcXlaWion of filWeU coefficienWV fUom 
meaVXUed WXneV Wo impUoYe Whe V\VWem¶V fle[ibiliW\ dXUing 
machine VeWXp and opeUaWion.  

A pUoWecWion V\VWem foU Whe kickeU¶V WeUminaWing UeViVWoUV 
iV pUopoVed Wo enable moUe UobXVW, 50 H] XnVXpeUYiVed 
opeUaWion of Whe damping V\VWem. 
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