Compact low emittance lattices
with longitudinal gradient bends ?

T.M.E. cell example: 12° dipole, 2.4 GeV — € = 1.67 nm, ux= 284°
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Longitudinal variation of radiation integrands inside TME dipole

center edge
[2, 10000%]5

ol 5= 120 b ds
015 12 = [ h*ds
.10 ®=[hds

h =B/ (Bp)

Problem: € J./y*=Cq15/12 — min
while & = const.
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Trial: superbend

ALS superbend approximation
(s
" ; S
0 ul |

2-field dipole: ©=0 pure normal dipole
L = Umax pUre s.c. dipole

= pfore > min?

Andreas Streun, PSI/SLS 4/13 ICFA 37, Hamburg, 15-19.5.2006



Analytical solution for 2-field dipole

o€ (me 5“) / anoﬁ — MmiN = Emi (IJ)
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sub-T.M.E. Cell: €e=0.43 nm (~ "% T.M.E. ) at 2.4 GeV
based on 2-field 12° dipole: 2.7°(0.6T) + 6.6° (7.2 T) + 2.7°(0.6T)
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but: ux=345° &/ Qx=-10 — too small on
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Trial: combined function bend

Longitudinal profile B(s) =

(Bmax — Bof—f) / (1 + (0( S)Z)y2 + B«

Numerical minimization of € (PBx,N., ) for given L, &
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B (x=0) [T]

dB/dx =

1/2 pole width [T] |
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Pole profiles of longitudinal gradient bend
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Longitudinal variation of radiation integrands

Optimum longitudinal profile and optics

Result of € (Bxo,Mo, @) = min Constant field bend in TME mode
center edge center edge
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sub-T.M.E. Cell: € = 0.46 nm ( Jx= 1.3) at 2.4 GeV
based on 12° combined function bend (max. 1.6 T)
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@ Utopian lattices ...
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10 x 36° arc, 362 m circumference, € = 0.47 nm at 2.4 GeV
straights: 10 x 6 m dispersions free, 30 x 3 m dispersive ....

5% dynamic aperture, tunability, error sensitivity ....
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Bxot Not = less variation of # (s)
= less gain from longitudinal gradient

Alternative: giveuponlong.gradbend® €—-~¢egx4
relax the cell €E—>~€X3
split bend (use p,>180° space!) €¢ > ¢€/8

€e—> ~15x¢
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12°,8.4m, £ =0.46 nm, Py=310° 12°,6.0m, € =0.65 nm, yx=2 x 150°
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Example: MAX-4
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Conclusion

» Feasible bending magnets with longitudinal gradient provide
an emittance which is about %4 of the T.M.E.

» This works well only for ideal cells with exact matching,

having serious disadvantages:
- horiz. phase advance > 180° requires a 2™ focus and a long cell
- sensitive to errors and little tunability
- large chromaticities and little flexibility on phases restrict D.A.

* |n relaxed cells, the particular emittance reduction from the
ongitudinal gradient is partially lost.

» Longitudinal gradient bends offer a promising way to build
compact low emittance lattices, but more studies are
required to achieve at realistic designs.
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