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Basic theory-relativistic energy loss rate [Northrop, 1963]

dT/dt = ZeV, E| +(mv_ */2)(dInB/dt+ug-VInB)+mv, % ug-(b-Vb)
(mv,2/2)(0InB/at) is betatron term

u.=ExB/B*and b-Vb=«K soremainingterms are

ug'( mv,2/2VinB+mv  *k) = (1/B)E-[bx(mv, 2/2VInB+mv, k)]
Relativistic gradient and curvature drift velocities are

u; = (M/yZeB)bxVB uc = (p,,°/yZem,B)bxxk
relativisitic magnetic moment M=p,?/2m, p. 29

Terms equal ZeE-(uc+u,): work done on drifting particle by the
electric field.



Momentum fractional time rate of change

dT=vdp so dT/dt=vdp/dt
dp/dt = Ze(V,,/V)E| +p(1-u?)/2(3InB/dt+uc"VInB)+pu* ug-(b-Vb)

Neglecting the E| | term and setting u;=V, and b-Vb=x, we have the
result [Roelof, 1999; 2000]

dinp/dt = (1-u?)/2(dInB/dt+V -VInB)+u? V K

Remark: The fractional rate is independent of particle mass or charge!
It depends only on the particle pitch-angle, the component of the
transverse plasma velocity and the local spatial-temporal variations in
the magnetic field.




Parker field

B,=B,(r/r,)> Bg=0 Bg=-B (L2rsin®/V)=-B tany
General identities

V,InB =(1/B?)Bx(VxB) +K u, =VxB

wod = -2(2/V)By(ry/r)?cos® u,

wod XB = -(2B,/V)%(ry%/r3)sin20 ug

thus V,-J xB=0and so V-V, InB =V -k for the Parker field



V, = (I-bb)-V = V(usin%y+u,sinycosy)
B2 = By2(ry/r)*(1+tan?yp)  otany/alnr =tamy
V,-VInB = -(VIr)(1-cos*y) = x-V,
dinp/dt = (1-u?)/2(dInB/dt+V -VInB)+u? VK
= (1-u2)/2 dInB/at-(1+u2)(V/2r)(1-cos*y)
[Roelof, Proc. 7t Int. Astrophys. Conf., AIP, 1039, 174-183, 2008]

Limit: tanmp>>1 or rsin®@>>V/Q~1AU
Also d/nB/0t=0, and isotropic p.a.d.

<d/np/dt>— -2V/3r ‘“adiabatic cooling”




General expression for fractional momentum rate

dinp/dt = (1-u?)/2 dlnB/ot-(1+u2)(V/2r)(1-cos*y)
0InB/at=0  dInp/dt = -(1+u?)(V/2r)(1-cos*y)
= -(1+u?)(V/2r)[sin2y+(1/4)sin?2v]

Limit: tanyp<<1 or rsin®<<V/Q~1AU

dinp/dt— -(V/2r)(1+u?)2(Qrsin®/V)?

= -(1+u?)(Q2sin®)%(r/V)—0asr— 0

No “adiabatic deceleration” near the Sun!



Conclusions for guiding center energy loss
in a Parker magnetic field
(applicable to “scatter-free” propagation)

Outside Earth’s orbit: rsin®>V/Q~1AU

<dInp/dt>— -2V/3r *adiabatic cooling”

Inside Earth’s orbit: rsin®<V/Q~1AU

dinp/dt = (1-u?)/2 dInB/at-(1+u2)(V/2r)(1-cos*y)
— ~(1+u?)(Qsin®)(r/V) = 0asr — 0

No “adiabatic deceleration” near the Sun!—for
any nearly “scatter-free” particle (PUls or GCRs)



