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Abstract

Thestronghead-tailinstability of a positronbunchmaybecausedby wakefieldsarisingin the
electroncloudpresentin thebeampipe.Thesewakefieldsareknown to producebothdeflection
andtuneshiftvaryingalongthebunch. We discussa modelinvolving this tuneshiftaswell as
themachinechromaticityandtransversefeedback.

Thanks to many colleaguesfr om KEKB, to H. Fukuma, K. Ohmi and F. Zimmermann
for collaboration.
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Equationsof motion

Thephotoelectroncloudis alreadypresentprior to arrivalof thebunchwhosemotionis studied.
Linearequationsfor thebeamcentroidoffset �������	��

� , andelectroncloudcentroid����������

�

at themachineazimuth � at thetime 
��
Uniform longitudinaldensityassumedin boththeelectroncloudandpositronbunch�
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Betatronoscillationsare taken in the smoothform with
� � � �/.10 ,

0
being the vertical

amplitudefunction;
Thebeam-cloudinteractionparameter�

�2� 3/4 ���+576�8�6�9	�-: �;-<,� � 6�9=��6�8 � 6�9�� �
3 5 4 ��>�?�6�8; ��6�8 � 6�9�� �4 � is thetime-averagedelectronclouddensity6�9 and 6�8 aretheverticalandhorizontalbeamsizes,: is theelectroncharge,< is its restmass,; is thebeamLorentz-factor,� is thespeedof light,>�? is theclassicalelectronradius.

Electronsof thecloudoscillatein thebunchspacechargefield with thefrequency )@� ,
) �� �

3�A >�? � �B C 5EDF6�9G��6�8 � 6�9	� �
here

A
is thebunchpopulationand D is its Gaussianlength.

Equationfor thebeamcentroidalone,� �� � � �H������IF� ���
� �H������IJ�7�K� )@��

L
��M I/N�O�PRQ )@�� ��IS#TI/NU���H������I/NV�W�

With a slow-varyingcomplex amplitudeXY���	�/IJ� of thebetatronoscillation,

�H������IJ�7�[Z]\/XY������IF�W:�^�_a`Wb��
afteraveragingout the Xdc termon theright-handside,�� � XY������IJ�E� e �C � )@��

L
� M I1N	O�PRQ )@�� ��I]#TI/Nf�]Xg������I/Nf�-�

Thiscorrespondsto thebeambreakupproblemwith anoscillatingtransversedipolewakefunc-
tion hi��Ij#TI N � ,

hk��I]# I/NU�ml � )n�&D� O&PVQ )@�� ��IS#TI/NU�&�
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Decoherence.Parametrization of the wake function.

Non-uniformityof thepositronbunchdensityresultsin thefrequency spreadof thephotoelec-
tronoscillationandthusdecoherenceof their response.A verysimpleestimate:

hi�+)@�o��IJ�mp hk�")@���+q$�&��IJ�WrH�+q$� M q
If we takeaGaussian,r7�+q$�E� �s : ^ 8�tUu � , )n���"q$�E�*) � : ^ 8�tfuwv . Then,

xhk��IJ�E� � ) � D�
y
� O&PVQ ) � I� :�^ 8 t uwv

C
5 :�^Jz 8 t uwv M q

Theresultcanbefittedeitherby theBesselfunction {'|��") � I . � � , or by thebroad-bandresonator
wake

h%|/��IJ�m� ��}�~ )@��2�) :o� L u�� O&PVQ
�)jI� ����I��[�J�W�j��� )@�C � � �) � ) �� #T� � �
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Figure1: Thedecoherencewake (solid line) andthefitting function(dashedline). Left: fit by
theBesselfunction {'|/�+) � I . � � ; right: fit by thebroad-bandresonatorwith )*� ) � .

The correspondingtransverseimpedanceis sampledby the long bunch spectrumin the
low-frequency range()@�nD . ����� ),

� |E� ��}�~ . �
) � � e )@�2# )

�
)@�

� �1}�~� )@� )� )@� #%e �

Thebroad-bandresonatorparametersrelevantto theKEKB LERaredeterminedfromK. Ohmi’s
simulationsof thewake function.
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Table1: Basicparametersof theKEKB LER

particletype :��
circumference � � �1� m
beamenergy � �+� GeV
bunchpopulation � � �g� � � | �
bunchspacing 8 ns
rmsbeamsizes ��� 3 C mm

0.06mm
bunchlength 5 mm
rmsenergy spread 0.0007
slippagefactor

� �+� � � � ^ v
chromaticity

3 . �
synchrotrontune ���+� � �
betatrontune � 46
averagebetafunction 15m

Table2: Analytically determinedparametersfor wake force inducedby electroncloudusing
theresonatorapproximation.}�~ . � in unitsof � is obtainedby ��}�~ . � �!� � . }�~ . � , which
linearlydependson �=� , and)@� areevaluatedfor �=�m� � � | � m̂Jz .

x y)@����O ^ |&� � � 3 � � � | � � �+��� � � � |�|)@����O ^ |&� � �+� � � ��� 3 �V� � � �����}�~ . � ��� ^ � � � �+� � � ��� C �V� � � ���

Table 3: Simulatedparametersfor the wake field inducedby an electroncloud of density�=?�� � � | � m̂Jz , asobtainedby fitting to theresonatormodel.

x y)n� ��O ^ |&� ���+� � � � | � C � C � � � |�|� C �V� � � ���}�~ . � ��� ^ � � C �V� � � � � ��� ��� � � �
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Stronghead-tail instability

Notationandformalismof thelinearizedVlasov equationanalysisfollow A. Chao’s book:A � is thenumberof positronsin a bunch,�=8�¡¢91£&������I N � is thehorizontal(vertical)dipolemomentof particlesat I N ,¤ is theslippagefactor,¥
is therelativemomentumdeviation,)@¦�§ 8�¡�9/£¨� � .10 8�¡�91£ is thehorizontal(vertical)angularbetatronfrequency in smoothapproxi-

mation,© �«ªG¬�­¯®F°ªG¬�­¯± is thechromaticity,) b is theangularsynchrotronfrequency.
Thedistribution functioncanbesplit into unperturbedtermandperturbation

² � ² � � ² |&: ^�_´³Gb u�� (1)

² � is expressedvia functionsof theunperturbedinvariantsof motion for eachdegreeof free-
dom,² � � µ � ��¶��W· � �+>G� , where¶d� � �W¸��9 . ) �¦�§ 9 � � � , �2�¹¶@º1»�O-¼ , ¸ 9]�¹#j)@¦�§ 9 . � ¶½O&PVQ¾¼
>¿� ¤ � � � ¥ � . ) �b � I

�
, IÀ� >Áº/»�O-Â , ¥ � >	) b . � ¤Ã� �'O&PVQSÂ .

The Vlasov equationis linearizedfor a small perturbationof the distribution function,² |���¶	��¼F��>F��ÂÄ� :
e � � ² |$# )@¦� � � �

© ¥ � � ² |� ¼ # ) b�
� ² |� Â :�^�_Å³=b u�� � �

�
)@¦
� ² �� ¶ O&PVQS¼JÆÇ��IJ�E����� (2)

wherethewakefieldactionis representedby

ÆÈ��IJ�E�¹# A �É>�?; hÊ9=��IS#TI/NU���=9�§ |/������I/NU� M I/N (3)

and�=8�¡¢91£�������I N � is theverticaldipolemomentof particlesat I N for theperturbeddistribution
² | .

Thesolutionshouldbea functionof ¶ and ¼ with a form asfollows,

² |ml � ² �� ¶ :o_aË Ì `
Í Ì ` r
Ì
` �+>G�W:o_

Ì´Î
�

where r Ì ` �">Ï� belongsto a set of orthogonalfunctionswhich characterizeradial modesand
satisfythenormalization y

� Ð �">Ï�&r Ì ` �">Ï�&r
Ì
`oÑ �+>G��> M >Y� ¥ `W`oÑ � (4)

whereÐ �+>G� is theweightfunctionof radialmodes.It is relatedto theunperturbedlongitudinal
distribution · � �+>G� :

Ð �">Ï�E� ) bA ¤¨� · � �">Ï�&� (5)
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The problemis reducedto a linear equationset, and � resultsfrom the corresponding
eigenvalueproblem, �%#%)@¦) b

Í Ì ` �¹Ò
Ì
` §
Ì
Ñ�`oÑ Í
Ì
Ñ�`oÑ (6)

Thematrix Ò is expressedby

Ò Ì ` §
Ì
Ñ�`oÑ �[D ¥

Ì¢Ì
Ñ ¥ `W`WÑ #Óe

A >�? �C ;-Ô � )@¦�) b e
Ì
^
Ì Ñ y^ y

� |��")ENf��� Ì ` �")EN�#%)@Õ1���
Ì
Ñ�`oÑ �+)EN¯#%)@Õ�� M )EN (7)

where � Ì ` �")j�7�
y
� > M > Ð �">Ï�&r Ì ` �">Ï�&{

Ì ) � > � (8)

) N � ) � )@¦ � Da) b , and)@Õ�� © )@¦ . ¤ . Thechromaticphaseis Ö×� )@Õ�6 . � ��Ø1¦ ©ÃÙ�Ú u ±Û
Ü .
Thewake forceentersvia its impedancerepresentation,

� |/�+)j�7�*e y^ y
M I� :�^�_ ® L u�� hk��IJ�W� (9)

For given }�~ , � and)@� , thebroad-bandresonatorimpedanceis expressedby

� |��+)j�7� �)
}Á~

� � e � )@�) # ))@�
� (10)

For a Gaussiandistribution in the longitudinalphasespace,the unperturbeddistribution
functionandtheweightfunctioncanbewrittenas

· � �+>G�E� A ¤¨�C 576 � ) b :�^�Ý
tfu � Ù t � Ð �+>G�E�

�C 5E6 � :�^�Ý tUu
� Ù t � (11)

TheorthonormalradialfunctionsarethegeneralizedLaguerrepolynomials

r Ì ` �">Ï�E�
C 5 �ÏÞ�Wß�D�ß ��� � Þ >B C 6

à Ì àWá à Ì à
` > �C 6 � � (12)

then

� Ì ` �")j�7� â ��Dã�C 5 �ÏÞ �Wß�D&ß � � � Þ
)S6B C �

à Ì à � � ` :�^ ® t Ù tãu � ��t � â ��Dã�E�
� � DÃä��Eå��# � � Ì �æDÃ�ç�m� (13)

Thiscorrespondsto theHermitemodesof thedipolemoment,

�=9G��IJ�ml¹:�^ L t u � Ù tWè à Ì à � � ` IB C 6 � (14)

We considerazimuthalmodecouplingonly for two lowestradialmode(
� �ç��� � ).
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Thecouplingmatrix consistsof 4 blocks,

Ò � D ¥ Ì´Ì Ñ � Ò
Ì � § Ì Ñ � Ò Ì � § Ì Ñ |Ò Ì |é§ Ì Ñ � D ¥ Ì¢Ì Ñ � Ò

Ì |é§ Ì Ñ | � (15)

Ò Ì ` §
Ì
Ñ ` Ñ �Ê#je

A >�? �3 5 ;-Ô � )@¦�) b
e Ì ^
Ì Ñ â ��Dã� â ��D N ��ÏÞ �Wß¢D�ß � � � ÞR� N Þ �Wß�D N ß ��� N � Þ

y
^ y
� |/�+) � )@Õ��&:�^ ® t Ù tUu���t )S6 LB C �

à Ì à � à Ì Ñ à � � ¡ ` � ` Ñ £M )ê�
The tuneof eachmode ���ë#ì)@¦¯� . ) b is obtainedby solving the eigenvalueproblemfor

matrix Ò . The frequency �«�«)n¦gí�Da) b correspondsto the í�D th synchrobetatronsideband.
Thematrixhasinfinite dimensionbecauseof #�î �çDÃ��î .

We truncatethe matrix at # 3�ï D ï C , and calculatethe eigenvaluesnumerically. To
check-uptheconvergency, wecomparedwith thetruncationat # � ï D ï¹3 .

Theeigenvalueor tuneof eachmodeis computedasa functionof }�~ . � using )@� and
�

from K. Ohmi’ssimulation.
Figuresshow the computedmodetunesvs }�~ . � or the clouddensity �=� , since }�~ . � is

linearly relatedwith it.
The positive slopeof all the modetunesresultingfrom incoherenteffect of the electron

cloud (single-particlefocusingby the cloud) is equal in all the modes;it is ignoredin the
following figures.

The sum of decrementsfor a Gaussianbunch

Thesumof eigenvaluesis equalto thetraceof themodecouplingmatrix. Hence,thesumof
thesynchrobetatronmodedecrements

` §
Ì½ð��ñ�*�¹# A >�? �C ;-Ô � )@¦�) b

y
^ y M )ENVZ]\��

� |��+)EN � )@Õ�� �
` §
Ì'� �Ì ` �")ENf�-�

For aGaussianbunch,

C 5
` §
Ì � �Ì ` �+)ENV�ò� :�^ ® t Ù tUu���t

yÌfó
^ y
y
`
ó �

�
�ÏÞ �Wß¢D�ß � � � Þ )

� 6 �C � �
à Ì à � � `

� :�^ ® t Ù t u�� t
yÌfó
^ y
ô à Ì à ) � 6 �� �

� :�^ 8 � ô � �+q$� � C ô |��"q$� � C ô � �+q$� � �/���V�
� :�^ 8 : 8 � � �

Sincewakefieldsarereal functionsof � , Z]\ � |��")j� is an odd function of ) with a vanishing
average.Thus,thesumof themodedecrements, ` §

Ì ð��Ç� , alsovanishes.
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Effect of diffusion on higher-order head-tail modes

With the fast-oscillatingwake (or for a “long” bunch),thepositive chromaticitycanstabilize
all the lower-order head-tailmodesup to modenumbers ß¢D�ß � C � ï �")n�½6 L . � � � . However
theirdecrementswill becompensatedby (small) incrementsof a largenumberof higher-order
modesto give a vanishingsum. But thereis a reasonwhy the higher-ordermodesareof no
specialconcern.

In : � :�# machinesquantumfluctuationsof the synchrotronradiationcausediffusion in
particleoscillations. Consider ß�D&ß�� �ëõ �

, then the dipole momentis given by the Hermite
mode,

�=9Ï��IJ�ml¹:�^ L tfu � Ù t è à Ì à � � ` IB C 6 #öp º1»�O
x D÷I6 �ùøã»�ú]ß¢I-ß ï 6G�

In theabove,
x D¨�æß¢D�ß � C � . TheGreenfunctionof diffusionis

û ��I���I N �E� �C B 5Eü�
 \�ýÄþ #
��I¾# I N � �3 ü�


wherethediffusionconstantü � 6 � .1ÿ , and
ÿ

is theradiationdampingtime.
After a shorttime, 
�� ) ^ |b ,

x�=9G��IF� � y
^ y �=9=��I/NU�

û ��I���I/Nã� M I/N-��º/»�O
x D÷I6 \�ýÄþ #

x D � ü�
6 � � :�^ �Ì t��"u�� �=9G��IF�W�
Thus,while the incoherentdampinggives

ÿö. x D , thediffusionsmeartime is evenmuchshorter,� ÿö. x D � .
A simple modelof transversefeedback

A bunch-by-bunchfeedbackintegratesthe dipole momentover the total bunch length( 6��� mm !) andappliesits proportionalkick after oneturn, with a tunablegainandphaseshift.
Thefeedbackkicker pulseis practicallyconstantover this bunchlength.At KEKB

C 5EØ b � �
,

thustheone-turndelaymaynotcauseaproblemlike in LEP machine.
Assuminga perfectlylinear(no gainsaturation)andnoiselessfeedbackhardware,we can

describeits actionby anequivalenttransverseimpedance,���
	 � � �
	 : _ Î �
� ¥ �+)j�
where� �
	

and Â �
	
arethefeedbackgainandphase.

The feedbackphaseparametercan be tunedto purely resistive, Â �
	 �ò5 . C , or purely
reactive, Â �
	 �[���Ï5 , or mixedmode.

At zerochromaticity, thefeedbackonly actsuponthe DÄ�[� mode;atpositivechromaticity,
higher-ordersynchrobetatronmodesarealsoinfluenced.
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Figure2: Head-tailmodetunesin units of the synchrotrontunevs
theclouddensity� � ��� # � C m# � . Left: realpart,right: imaginary
part.Fromtop to bottom:thechromaticphaseis 0.0,0.125,0.25,
0.5; � � � , ����� ������� mA.
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Figure3: Head-tailmodetunesin units of the synchrotrontunevs
theclouddensity� � ��� # � C m# � . Left: realpart,right: imaginary
part. From top to bottom: the chromaticphaseis 0.7, 1.0, 1.25,
1.5; � � � , ����� ������� mA.
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Figure4: Head-tailmodetunesin units of the synchrotrontunevs
theclouddensity� � ��� # � C m# � . Left: realpart,right: imaginary
part. Fromtop to bottom: thechromaticphaseis 0.0,0.125,0.5,
1.0; � � � � � , ����� ������� mA.
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Figure5: Head-tailmodetunesin units of the synchrotrontunevs
theclouddensity� � ��� # � C m# � . Left: realpart,right: imaginary
part. Fromtop to bottom: the feedbackdampingis 0.0,0.1, 0.2,
0.5; � � � , � � � ������� mA andzerochromaticity.
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Figure6: Head-tailmodetunesin unitsof thesynchrotrontunevsthe
clouddensity� � �!� # � C m# � . Left: realpart,right: imaginarypart.
Combinedactionof thechromaticityandfeedback:thefeedback
dampingis 0.2, and the chromaticphaseis 0.5. � � � , � � ��"� �#� mA.
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Figure7: Head-tailmodetunesin units of the synchrotrontunevs
theclouddensity� � ��� # � C m# � . Left: realpart,right: imaginary
part. Effect of the feedbackphase:the feedbackdampingis 0.2,
andits phaseis varied90$ , 135$ , 180$ . � � � , � � � ������� mA.
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Figure8: Head-tailmodetunesin units of the synchrotrontunevs
theclouddensity� � ��� # � C m# � . Left: realpart,right: imaginary
part. Effect of the feedbackphase:the feedbackdampingis 0.3,
andits phaseis varied90$ , 135$ , 180$ . � � � , � � � ������� mA.
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Figure9: Head-tailmodetunesin unitsof thesynchrotrontunevsthe
clouddensity� � �!� # � C m# � . Left: realpart,right: imaginarypart.
Combinedactionof thechromaticityandfeedback:thefeedback
dampingis 0.2, its phaseis 135$ andthechromaticphaseis 0.5.� � � , � � � ������� mA.
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Figure10: Head-tailmodetunesin units of thesynchrotrontunevs
thebunchcurrent,mA. Left: realpart,right: imaginarypart.From
top to bottom:thebunchspacingis 2, 3, 4, 6; � � � .
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Figure 11: Head-tail mode tunesin units of the synchrotrontune
vs the bunchcurrent,mA. Left: real part, right: imaginarypart.
Combinedactionof thechromaticityandfeedback:thefeedback
dampingis 0.2,andthechromaticphaseis 0.5. � � �
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Instability thr esholdsvs the wakeand beamparameters

At zerochromaticitywefind themode0 and # � couplingthresholdasafunctionof theelectron
oscillationfrequency. Zotter’sestimategiveshere�=� l ) b )@�@6 L in the )@� p î limit.
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Figure 12: Thresholddensityof the electroncloud vs the wake frequency for the 4 bucket
spacingfill pattern,at fixedbunchcurrentof 0.52mA.
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Figure13: Thresholdbunchcurrent
ô ��§ �(' vs the wake frequency for differentfill patterns,

with clouddensitiesproportionalto thelinearchargedensity,

�=�E� � � | � ô ����+� C �*) 3á
b ? + �Ç^Jz��

Thresholdscalingparameter:
at )@��� C � C-, � � |�| theblowup thresholdscalesas � ô |/. z �� . á b ?0+ ;
at )@��� � � � , � � |�| theblowup thresholdscalesas � ô |/. �21� . á b ?0+ .
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Mode Stability in the CoastingBeamLimit, 3 }54 I76�8 �
Usuallyonetakesthemaximumof ZS\ � | to besurethatall the modesarestable.For theBBR):9:;�8 � )n� , thismeansZS\ � |��+)@�½� .

However, for our casewith low modenumbers,D � � , and D � . 6 L � )@� , this will yield too
strongacondition(sufficient,but notnecessary).

Let ustake thecoasting-beamlimit conditionfor stability in its full form, seeEq. (6.263)
in Chao’s book:A �B C 576 L p

A
�éÔ � � # A�éÔ � >�?

� �C ;-Ô � )@¦ ZS\ � |�� 4
�) � � )n¦¯�E�=< ¥ ß/# 4 �) � ¤ � © )@¦Äß

where< ¥ correspondsto 6 ± .?>
for Gaussianbunches.

Relatingthis coastingbeamsituationto thebunchedbeamparameters,we replace

4 �) � p ) »�øA@CB \j�¿»ED \© )n¦ . ¤ p )@Õ/�F@CB \jºGB ú&»J�IH2@�PVº]øãú�\KJ7L \/QÏºNM�é¤ < ¥ . ) b p 6 L �F@OBÏ\-PQL Q ºGB�RV\/QQST@OB
For thehigher-ordermodestheaccuratetreatmentby TMC theoryshowsstability.

For thelower-ordermodes, D � � # C , we take

)VU¹# �6 L Dù���()@�@�
andapproximatetheimpedance

Z]\ � | � ��}�~� )� ) �� �
thenneglecting)@¦W�ò) , weobtainthestability conditionfor the D th mode

A >�? � �C ;-Ô �� )@¦�) b 6 L
�1}�~� �� ) �� �

� � )nÕ�6 L� D �æß � � Ö . D�ß
where Ö is thechromaticphase.Notethat ) �� l A�X . 6 L l A , ��}�~ . � l��=�o� and) b 6 L l ¤ .

Hence,wecometo thescalingof thethresholdlevel of theelectronclouddensity

�=��§ Y[Z�l ¤ � ß � � Ö . D�ß�� øã»�úED � � # C �
For thecase) � #j)@�n� weapproximate

ZS\ � | � ��}�~� �
)@�

andarriveat somewhatdifferentstability condition,

A >�? � �C ;-Ô �� )n¦�) b 6 L
�1}�~� �

) �� �«ß
� � )nÕ . )@��ß��
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whencethethresholdscalingis

�=��§ Y\Z�l ¤ � ß � � Ö �
)@�½6 L ß¢� øã»JúED � )@�n6 L . � �ùPf�+\��V�]@OB \S»�O�º/P\R[R\HT@�PV»�Qñþ^H�ú_H��¿\N@�\1úW�

In thesaturationcondition,�=��§ Y\Z�l A ��§ Y[Z . á�`�acb
.

For the oppositesituation, )@�½6 L . � � �
, from the single-bunchinteractionparameterwe

find adifferentscalingof theinstability threshold,

� | A � . 6 L l A �� . 6 L
ád`[acb

.

Combination of Beam-BeamInteraction andMachine+ eCloudImpedance

A precursorwork by K. Cornelisfor thecase6 L � 0 c ,
K. Cornelis,in Proc. 1994ChamonixWorkshop,CERNReportSL/94-06,p. 185(1994),

thesetof synchrobetatronmodeswasintroducedin thebeam-beamsystem.

Two-streaminteraction of colliding bunchesmust be included when 6 L U 0 c .
Linear theory and simulation:

[1] E.A. Perevedentsev, “Simplified theoryof thehead-tailinstability of colliding bunches,” in
Proc.1999ParticleAcceleratorConf.,New York, 1999,vol. 3, p. 1521(1999).
[2] E.A. Perevedentsev, “Possiblecoherentbeam-beaminstability of the head-tailtype,” in
Proc.Int. Workshopon PerformanceImprovementof Electron-PositronCollider ParticleFac-
tories,Tsukuba,1999,KEK Proceedings99-24,p. 171.
[3] E.A. Perevedentsev andA.A. Valishev, “Simulationof thehead-tailinstability of colliding
bunches”,Phys.Rev. ST-AB 4, 024403(2001).

Experiment and simulation:

[4] I.N. Nesterenko, E.A. Perevedentsev andA.A. Valishev, “Coherentsynchrobetatronbeam-
beammodes:experimentandsimulation”,Phys.Rev. E, thisMay.

Predictionsof the linear theory

1) Stability of all head-tailmodeswhenimpedance= 0.
2) Impedance� onsetof head-tailinstability of colliding bunches,thephaseshift from head
to tail comesfrom the betatronphaseadvanceover the interactionlength; no threshold;the
growth rate ÿ ^ | � 5

©Cefe < �hgci ZÔ � � b O&PVQ½� C 6 L .�0 c �-�
3) Thechromaticitycanstabilizeonly someof themodes.

A 3D beam-beamsimulationwith “soft” bunchesis in orderto show the limitation of in-
stabilitygrowth dueto thenonlinearbeam-beamforce.
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Conclusion

Thereis a numberof indirect evidencein favour of the single-bunchmechanismof the LER
vertical blowup, suchas reasonableagreementof estimatedthresholdswith thoseobserved,
scalingof the thresholdswith thebunchtrain parameters,the role of thechromaticityandits
estimatedvaluesneededto stabilizetheblowup.,etc.

However, direct evidenceof thestronghead-tailinstability meansthat its signatureshave
to beobserved,suchas

1) “banana”oscillationsof thebunch j streak-camera,opticaldetectorof coherentoscil-
lationsbasedon a fastphotodiode;

2) thesynchrobetatronsidebandspectrumwith its characteristicdependenceoncurrentand
chromaticity j gatedtunemeterandBunchOscillationRecorderdatataken vs the relevant
machineparameters,bunchcurrentandcharge density, synchrotrontune,chromaticity, feed-
backsettings,shortandlongbunchtrains,etc.

Electroncloud pinchingcausesthe tunevariationalongthe bunch;single-particleSBR’s
shouldbekeptin mind whenanalyzinganapparent“instability” by tracking.

Combinedactionof electroncloudandbeam-beaminteractionmaypresenta seriouslimi-
tationof thehigh-luminosityperformance.
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