—

@} I M TERMNMATI ONAL ATOMIO ENEROGY A GO ENOY T{itn
TMITED NATIONS EDUCATIONAL, SCIENTIFIO AND COLTURAL ORGANLZATION ._—....

INTERNATIONAL CENTRE FOR THEORETICAL POYSICS
R

34100 E‘- SUTALY) - P.O B.086 - MIRAMARE - STRADA COSTIERA 11 - TELEPHONRS: 27472 /848 6
e = CABLF: CENTRATOM : TELEX 460392~

SMR/113 - 4f*

INTER COLLEGE ON LASERS, ATOMIC AND MOLECULAR PHYSICS

(21 January - 22 March 1985)

TopicaiMeating on the Free Electron Laser

COLLECTIVE INSTABILITY OF AN FEL

J.B. MURFHY
Department of Physics
Brookhaven National Laboratory
Upton, Long Island, N.Y. 11973
.5 A,

These are preliminary lecture notes, intended only for distribution to participants.

Missing or extra ¢oples are available from Room 229.

COLLECTIVE INSTABILITY of an FEL

J. B. MURPHY and C. PELLEGRINI

- NSLS. .

BNL
Upton, N. Y. 11973

13



lectron Vevis "
th g-md EleGtron w
A "'@w %

eam TMwave: Ex, €3, By (noB;,Tn)
Now v-E#o! BUT
_ﬁ‘ow doI cowsue +he eleckrons 1o give up E=Eo(xy) Cos(Rz-we)

Y~ VpEe tos(R2-WE) 2=\t
) c_mne_gs emission:. gecele t ‘
) %u\ l'd"l’e V% c= VZ:-VP COS[ k(\li-C)-t] ) C, Vg
inoheret, low Pover

Z)Q-hnulaid Cission . m1=-ev § | %dw 0sC) ah
Tohavea nd eher s (v.- ”ﬁ

hove 7 gl ong E | b 'Me yumust oy cosé =l> ¢-o Shafionary Phase
Since we cont make yy=c =Wy =Vg |

ilfﬂiﬂbs.‘mlite.'_i_mv_ we must £ind a wag o ma\!c

92—.3 g }4 | Va=Vg<C

o

="
2|q



iy S |
iil) ):dn; \pave ogj uc:umwde o ¢ Lagk at energy changeof electon,
\ Y& . _
\sl¢<cdd¢d fec. T~UE*= _.EQ.COS[(k.-‘k)‘i-wt]
Cou‘jl Vl""O Ez i e
Problem Ez-lhagsii-t 'éheor -%n” swfnm Phase VGbC““‘] :VQ (&;) < ¢
£y~ X3!.».!, G\“W-WU Cowple vy 4o EL-\hou%sz undu(a‘rw |

de 1 (£S5
Syndironism: \Jg =V
it Lab PV
g\gg aer%\&lpgweg\'cgo n%g CHDUﬁh Set Va= (Ial_ use W= Ck

iv) FEL 1 E
. . Solvefor W = (v, k)
. ey % | W= 2cko¥s = 2¢kT,
Tivthe undulator : v! e ?) s
|(kt-url:) Z (1- Q;Ks ) Resohance or Synchranisim Condulion

Reld: E=E,€
Y gxe-t'h.)i Absolute Phase: Hcc,elemor or FEL

(TFEL)




Collggh've Inshability Self Consistent Eqns.

M 9 g:f:;gns E. M. Fields . [ E(r.t)
Quesh T{Tk hd»r Wlvach | Pertces Novidh's
m I 'ﬁ (‘mﬁ‘ ons wS‘ ngl‘z;: i )( Second Law
the individua Space | ‘
¢xhibit Collechve bahauwr Charge
Will-+he syclm oraamze hself?
-D | = (k + k)z wt |
Wb %mﬁm gljtaw%xm —Dne =phase of e relative to pond. wave
{ COMMUM _
witie fen o oose s Ly TETR S
How do+he eleckt;ns COMMWUC“O7 the radiation field .
i) radlanm Mesn“fied => E Ao-= period of undulator

I
¢) Sfl%e cli i+ -|-mht§ au(d ?ragnizaﬁo;’ > ko= 21/ g
%d 11 1T dO awa) omon _
Cohu&:caﬂon Bruk]:wn Field: E= E(z,t)exp(itkz—wt))
i)energyspraad  ii)spaw charge iii) e}c



Small Signal Gain
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Linear Theory
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Warm Beam Analzs1

In normalized variables. u=n/p,

M““_ (u2+ A%)

| Note: A= A, /{pv,)

Use Vlasov eqn & single particle eqns

to obtain,
(A-9)= ﬁﬂ of (u)/0p
(A~p)

dp ot /on_ o ﬁu af (,u)/au I

'“or a Lorentzian the dispersion
selation is,

(A=8)(A+iaf + 1= 0

Character of dlspersmn relatlon
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