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Abstract

The cERL recirculation loop is under construction and its commissioning is scheduled to start in December 2013.
Optics of the cERL recirculation loop has been designed to preserve the initial beam quality in normal operation mode
where the commissioning and usual performance evaluation will be done. The optics can be flexibly changed for two
other operation modes dedicated to generation of laser-Compton scattering (LCS) X-rays and coherent THz radiation,
which require electron beams with extremely small transverse sizes at the LCS collision point and ultra-short bunch
length at a bending magnet, respectively. In order to avoid serious beam loss, the physical apertures and optics were
well adjusted so that the physical apertures could be more than five times the transverse beam sizes at all the
longitudinal positions. Furthermore distributions of lost electrons caused by field emission of the main superconducting
cavities were calculated with simulations using symplectic integration.
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Figure 1: Layout of the compact ERL(cERL). Dipole magnets used for two arc sections, a merger and three chicanes are

shown in blue, quadrupole in red and sextupole in yellow.
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Table 1: Parameters of the cERL Recirculation Loop in
Normal Operation Mode

Parameter Value

Maximum beam energy 35.5 MeV

Maximum injection energy 5.5 MeV

RF frequency 1.3 GHz

Maximum average current 10 mA (100 mA in future)

Normalized emittance < 1 mm-mrad

Bunch length 1-3ps

Momentum spread <103
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Figure 2: (a) Betatron and (b) dispersion functions of the
cERL recirculation loop (from after the main accelerating
superconducting cavities to before the beam dump) for
normal operation mode.
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Figure 3: Simulation result of (a) horizontal and vertical
normalized emittances and (b) momentum spread and
energy along the cERL recirculation loop for 10 mA
(7.7pC/bunch at 1.3 GHz repetition rate) in normal
operation mode.

23 L=V —ar 7 FUEELER A EIRE— K
(LCS =— F)

2014 “EEIZ cERL DEAFE—A L L —V—2 LD
a7 F BRI L > TXHRR (B WITy B) &3
A, FNEFHTLEREITO 2 ERHEI
TWnaH L—WP—a 7 F EELLCS)IZ L - TX
B FEAE S D HETE Figure 1 RSN TWVDH X9
W28 2 7 — 7 PRI OEARE T, FAE I X#jIE
ZTOFEFFHEoESICHA, TIICER IS X
E— AT A v EkiEo TR Y — v KOO FEERE
(R TE) ETHEINDZ &I d,

KIBEE D X% hRHNC T AET D72 0121E, HigE
RTCL—HY—LRE U= A XETEFE—
LERDHUEND D, BTE—LERDIZOIT,
ZERAI%E4E GF8H) ONMmERA &ML T,
Figure 4 | T KO RAT T 40 7 ZABETDHZ L
Ll (B EIRT—FTIE, Z208HBM5H Qlu
EQ4d D2BELMEALTWARY), ZOFTT 4
7 ATl 228 TOR_—4 ku »Bi%iE B=0.038 m,
B,=0010m & 720 | FlZIXT= K /LF—355MeV, K
e BEILICHBIL=I v ¥ A 03 mmmrad @
E— Ak L TE =A% A XL 0=12.8 um, 6,=6.6
um & WO RNE— LA X2 D, KEF IR
Wb LizolE, AR BICHRE SIS L— —3R
WPMEDL L —F—DBRICAEDLE LD TH S,
L— W — R 2B EICRET 25 A 1, UM
B DB EWICT 52 L TREERBEDR—H
o A ANEZ TR T D2 ERHEETH 5,

-457 -



Proceedings of the 10th Annual Meeting of Particle Accelerator Society of Japan (August 3-5, 2013, Nagoya, Japan)

LCS collision point
B.=0.038 m
B,=0.010m

Betatron function|m]
3

3 2 1 0 1 2 3
[m]
1 Q2u ] Q4u Q4d Il Q2d H
Quuld o3l Ho3d  Uoid

Figure 4: Horizontal and vertical betatron functions
around the LCS collision point (s=0 m) in LCS mode.
Eight quadrupole magnets, Qlu — Q4u and Q1d — Q4d,
produce very small betatron functions and hence very
small beam sizes at the LCS collision point.
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Figure 5: Dependence of beam sizes at the LCS collision

point on the momentum spread (or momentum

fluctuation) after the main accelerating cavities for
E=35.5MeV and ¢,,= €,=0.3 mm-mrad.
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Q4 on betatron functions at the LCS collision point. Here
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between Q4 and the LCS collision point.
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Figure 7: (¢, p)-distribution of the electron bunch with
charge of 77pC at (a) entrance and (b) exit of the main
accelerating SC cavities and exit of the 1* arc section
(Rs6=0.15 m) with sextupole magnets (c) off and (d) on in
bunch compression mode.
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Figure 8: (a) Bunch length at the exit of the 1% arc section
and (b) maximum horizontal beam size of the 1% arc
section as function of the initial bunch length at the
entrance of the main accelerating SC cavities.
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Figure 9: Five times of the horizontal (upper) and vertical
(lower) beam sizes for different normalized emittances
and momentum spreads in normal operation mode. Half
physical apertures are also shown for comparison.
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Figure 10: Five times of the horizontal (upper) and
vertical (lower) beam sizes for different normalized
emittances and momentum spreads in LCS mode. Half
physical apertures are also shown for comparison.
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Figure 11: Distribution of lost field-emitted electrons

(N=3000) with the kinetic energies of (a) 0 — 15 MeV and

(b) 15 — 30 MeV escaped downstream from the exit of the
main superconducting cavities (s=0 m).
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Figure 12: Distribution of lost field-emitted electrons
(N=3000) with the kinetic energies of (a) 0 — 15 MeV and
(b) 15 — 30 MeV escaped upstream from the entrance of
the main superconducting cavities (s=0 m).

SEX

[1] T.Miyajima, these proceedings, Nagoya, Aug. 3-5,2013; S.
Sakanaka et al., these proceedings, Nagoya, Aug. 3-5,2013

[2] M. Borland, Phys. Rev. ST-AB 4,070701 (2001)

[3] http://www pulsar.nl/gpt/index.html

[4] R. Hajima et al., Proceedings of the 8" Annual Meeting of
PASJ, Tsukuba, Aug. 1-3,2011, pp.954-956

[5] H. Sakai et al., these proceedings, Nagoya, Aug. 3-5,2013

- 460 -





