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Equilibrium emittance due to
synchrotron radiation in a storage ring
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longitudinal gradient magnet prototype for APS Upgrade
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dipole field [T]

longitudinal gradient magnet for ELETTRA 2.0
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classical guantum excitation (e.g., M. Sands SLAC-R-121)

radiation integral I in Eqg. (1) stems from classical quantum excitation due to photon
emission in constant magnetic field , 5
Ae, = J Nph (u“YH,ds

“long-magnet” photon spectrum for single electron passing through magnet with constant

field By and length 2L:
dN v 9V3v [®
ph _ 47’38 BozLS<V> S<_> — _j K5/3(x,)dx,
v/v,

dv 9n v 2 Ve 8T v,
11 : 15v3\ P cC, E} 4m Te 1 Bge
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0 o U 83



longitudinal gradient dipoles according to classical formulae
for a magnet with varying dipole field B, (s), using previous formulae, the

magnetic field variation can naively be taken into account as

deh
dv ds

(s) =

4rpe By (s) v 3 _B,(s)e

integrating over the magnet length 2L we obtain the classical photon
spectrum for this dipole

dN +L dN
ph = J ph (s)ds

dv , dvds

— so far the basis for gradient dipole designs

correct if effective magnet length much longer than photon emission length



another, “short” magnet regime

B, (s)
dB,(s")/ds’| |

S =S

effective “local” magnet length

loff(s) =

emission “source length” of synchrotron radiation

p(s)
lsource(s) = +——
Y
: 1 |dB,(s") e
it lapp(s) <1 (s) Of >
eff\S) = lsource - >
Bi(s)| ds" |,_ = mec
radiation spectrum extends to higher frequencies independent of beam energy,

. but dependent on particle mass !
for lagr < lsource previous formulae are replaced by P P

dN 2 0.2 _ 2 -~
ph T,e“c j y 2y +2|.( v . ~ j B
~ B d — i2mvt

dv 2rmeyhv J, y* 2y2 y y with B(v) _OOB(t)e dt




a pioneer of the new regime: R. Coisson, 1979

PHYSICAL REVIEW A VOLUME 20, NUMBER 2 AUGUST 1979

Angular-spectral distribution and polarization of synchrotron radiation from a “short” magnet

R. Coisson
Istituto di Fisica, Universita di Parma, Italy
and Gruppo Nazionale de Struttura della Materia (Consiglio Nazionale della Ricerche), Parma, Italy
(Received 18 January 1979)

Power per unit solid angle, spectrum and polarization as a function of angle, and integrated spectrum are
calculated for the radiation from a beam of ultrarelativistic (y» 1) charged particles in a magnet causing a

deflection much smaller than 1/7, with an arbitrary form of the magnetic field B(z). Some examples are
given, and the connection with the ‘“‘edge effect” is shown.
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OBSERVATION OF VISIBLE SYNCHROTRON RADIATION EMITTED BY A HIGH-ENERGY
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R. BOSSART. J. BOSSER. [.. BURNOD. R. COISSON™_ . IAMICO. A, HOFMANN and J. MANN
CERN, Geneva, Switzerland
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example field profiles
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general short magnet spectrum (Coisson)

2

dN 2c (®y?-2y+2].
ph __Tee’c j y y 5 Ly dy
dv 2nmghv J, y4 2y 2
Lorentzian profile (Coisson) x=4v/v
dNph  mre?c?L*Bg 2 . x? . x? i v =2y i/(ZCT,L)
dv  2m.c%hcv [58 < +x—|—7>+x< —I—x—?> 1(—x)] Ei(x)=j ex, dx’
Gaussian profile (Coisson) N
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2 @ 2
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trapezium profile (ELETTRA magnet)

spectrum computed numerically



example spectra: Lorentzian and Gaussian
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example spectra
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quantum excitation , o (° ,4Nph
(u )Nph=h Jo vi—~ dv

quantum excitation term (u?)N ;, in units of (eV)* for a dipole with
peak field B, = 1T and of varying length L, and a 3 GeV e beam

“long” Lorentzian* “short” Lorentzian “short” Gaussian

0.1 mm 4x103 6x10° 9x10°
1 mm 4x10% 6x10° 9x10°
10 mm 4x10° 6x10° 9x10°

100 mm 4x10°6 6x10° 9x10°

For the short magnet spectra, the quantum excitation is independent of L, whereas for
the long-magnet formula it is proportional to the length of the magnet 2L. This can also be
directly seen by inspecting the spectral formula. The quantum excitation terms are
approximately equal for L =14 mm.

*The long-magnet values for the Gaussian are lower than for the Lorentzian by a factor ~3.7/4.0.



Conclusions and Outlook

for e, if magnetic field changes over a length of < ~1 cm, quantum
excitation can be much larger than naively expected !

this effect may need to be considered when optimizing magnet field profiles
for future extreme electron storage rings

for protons, replacing m, by m,, the quantum excitation already important
for field changes over a few metres - equilibrium emittance for future
highest-energy hadron storage rings, such as the 100 TeV collider FCC-hh

here only the two limiting cases of “long” and “short” magnets, respectively

more accurate total emission spectra for arbitrary magnetic field shape, valid
also in the transition region between “short” and “long” magnets, could be
obtained numerically by starting from the Liénard-Wiechert retarded
potentials and/or from the theory of Schwinger or others



in the past | would have consulted with one of these three
synchrotron radiation experts, who sadly left us much too early

Pascale Elleaume Albert Hofmann Helmut Wiedemann
(1955-2011%) (1933-2018%) (1938—-2020%)
*French Alpes *Geneva, Switzerland *Chiang Mai, Thailand
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