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CEPC CDR baselines layout
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CEPC CDR

Parameters

Higgs W Z (3T1) Z (21)
Number of IPs 2
Beam enerzy (GeV) 120 | 80 | 45.5
Circumference (km) 100
Synchrotron radiation loss/tam (GeV) 1.73 | 0.34 | 0.036
Crossing angle at IP (mrad) 16.5x2
Prwinski angle 2.58 7.0 238
Number of particles/bunch N, (1017%) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68us) 1524 (0.21ps) 12000 (25ns+10%gap)
Beam current (mA) 174 879 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radms (km} 10.7
Momentum compact (10-7) 1.11
g function at IP 8. °/ &~ (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance £/, (nm) 1.21/0.0031 0.34/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP &, /o, (um) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters £/& 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
BT voltage Fer (GV) 217 0.47 0.10
EF frequency [ pr (MHz) (harmomc) 650 (21681a)
Matural bunch length o (mm) 272 298 243
Bunch lensgth &, (mm) 3126 59 g3
HOM power/cavity (2 cell) (kw) 034 075 1.%4
Natural energy spread (Vo) 0.1 0066 0038
Energy acceptance requirement (%a) 1.35 0.4 0.23
Energy acceptance by BF (%) 2.06 1.47 1.7
Photon number due to beamstrahlung 01 0.05 0.023
Lifetime simulation (min) 100
Lifetime (hour) 0.67 1.4 4.0 | 2.1
F (hour glass) 089 0.94 0.99
Luminosity/TP L (103cm-25-1) 2.93 10.1 16.6 | 311
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Brightness of the SR from bent iron, torsion, oscillator and low-K
undulators in future high-energy particle colliders(CEPC-CDR)

The torsion pendulum has a characteristic gamma energy of 19.2 MeV and a high flux radiant
energy of 300 MeV. The gamma light energy produced by the undulator can reach 20 MeV at
high flux. Moreover, in the energy region greater than 100 keV, the brightness and flux of the
future high energy particle collider synchrotron source are higher than those of the third
generation synchrotron radiation source.



Central intensity of Synchrotron
radiation,[photon/s/mrad2/0.1%b.w.]

d?F,,
dédy

= 1.327 x 1013E?[GeV]I(A)H,(y)
P=0
Fy,,, , flux; |, the curent of the ring, H,(y) = y2K§ (y/2), K, the second Bessel function;

3
y = €/€,, €,the photon energy, €, = 0.665E2[GeV]|B[T] = 358.2keV.

Table A6.1: Performance comparison between a CEPC gamma source and the main laser
gamma sources in the world.

Source CEPC CEPC CIEPC SSBP TUNL-HIGS | TERAS ALBL
BM Undulator | Wiggler (China) (USA) (Japan) | (Spain)
Gamma 0.4-20 0.5-16
energy rang 0.1~5 0.1~10 0.1~100 H.D-gﬁ[} 2-100 1-40 16-110
(MeV) o 250-530
Energy
resolution ELUNSGIE ~1% continuous 5% 0.8~10%
(4E/E)
Flux >10% >108 >10%° 6 g 4 1ns 5 17
(phs/s) @0.1% @0.1% @0.1% 10 10 1071071 10710
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Total design of the SR stations

Four beamlines: S1+S2:wiggler+MWCS

S$1+S2 energy calibration+ Bend
bending magnetic field line: are R Arc

0.1-5MeV, >10"12@0.1%, STR STR

High energy X-ray
diffraction/scattering/transmiss
on beam line ARC ARC

Hard X-ray micro/nano probe
beamline

High voltage extreme condition
beam line

RF C=100 km RF

ARC ARC

wiggler beamline: 0.1-
100MeV,>10"14@0.1% STR STR

Photon-nuclear physics science ARC ARC

Others high energy gamma-ray
station, GRB simulations



S1 SR from bending magnetic field:
0.1-5MeV, >10"12@0.1%

» High energy X-ray
diffraction/scattering/transmissio
n beam line

» In-situ observation and structural analysis of
aircraft engine blade growth process

» Structural changes of special steel
» Observation of special welds

» Hard X-ray micro/nano probe
beamline

» High voltage extreme condition
beam line

» Structural changes of special materials under
dynamic and high pressure conditions of
1000GPa

» Study on the equation of state of special
materials under static high pressure and high
temperature/low temperature




CEPC high-flux y beamlines

Complementary with the third

generations of synchrotron sources,

spallation neutron sources, industrial
, and LCS gamma sources:

7.5cm steel penetration, several
micron resolution, high flux fast
Imagination
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10um radiation source

Static imaging - engine blade inspection:
6cm thick steel, 1-5 micron resolution

Dynamic imaging---metal phase change
process-droplet solidification/seawater
corrosion mechanism: us, 6cm thick steel,
1-5 micron resolution

High energy CT

Spaliduuii néutron
Snlirce

CEPC-SRy

um Micro-nano CT

(static & dynamic)

mm/keV-10keV cm/100keV  10cm/MeV

>
penetration/energy



S2: SR from wiggle magnetic field:
0.1-100MeV, >10"14@0.1%

» Photon-nuclear physics science

» Gamma assisted transmutation

» Giant resonance,

» Nuclear resonance fluorescence

> a “mini” giant dipole resonance it is often called
pygmy dipole resonance (PDR).

» 12C(a,y)*°0 reaction: the ""Holy Grail™ of nuclear
astrophysics.

» Others high energy gamma-ray station, GRB
simulations

» radio-pharmaceuticals production




Scarce radioactive medical isotope
preparation
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It is very suitable to use wiggler gamma

beam energy and flux
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The vacuum chamber design

* The first diode vacuum box in the first 28-meter diode vacuum box
* The first meter diode vacuum box remains unchanged

 The second meter diode vacuum box needs to be extended_ by
150mm

TR, WO, TR, i






The vacuum chamber design
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Vacuum piping in dipole iron and
requirements for side ends of the iron




The discussions

1. The length of the beam line exceeds 700 meters, and the vacuum
system is recommended to be composed of getter films (NEG films) +
ion pump.

2. All the beam lines can be divided into 8 sections, each section is
separated by all-metal ultra-high vacuum valves (9 valves), and each
section has a separate rough suction port and gas filling port, and each
section 5-10 ion pumps are uniformly distributed in the section (used
to pump out gases that are not easy to pump out of getter films such as
CH4), and the inner walls of all vacuum boxes are plated with NEG films.

3. The material of the vacuum box can be 304 stainless steel (the inner
size is 100, the wall thickness is 3mm).

4. Vacuum measurement adopts 2 measurement points in each section,
and cold cathode vacuum gauge is used for measurement.

5. In the photon collimation area, it is necessary to arrange
temperature measurement points in the nearby vacuum box to
monitor the temperature change of the outer wall of the vacuum box.
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Add Wiggler
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dvc=0.075/2 m; ! distance from the gamma ray to the inner wall of vacumn chamber
dwall=4.5 m; I distance from the gamma ray to the wall

 The angle between gamma ray and the vacumn chamber and bend is very small.
 The vacumn chamber, bend at these regions need to be carefully design to solve
the problem of geometry conflict and impedance.



Geometry near S3 and S4 wiggler

Geometry near S4 wiggler

5000:-‘ | LI LI I 1 LI 1 I LI LI ! 1 LI 1 ! LI LI I 1 LI 1 I LI LI I 1 I_
center of outer ring

E Inner of vacumn chamber
4200F- gamma ray
48503— outer wall

4050

GY [m]
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Length from-end of the wiggler to —

the wall: 571.548 m E
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gamma ray at the end of S4 wiggler: gamma ray at the end of S3 wiggler:

{11708.067 m, 4640.366 m} {-11708.067 m, 4640.366 m}
gamma ray at the wall: gamma ray at the wall:
{11994.183 m, 4925.771 m} {-11994.183 m, 4925.771 m}



Geometry near S1 and S2 bend

Geometry near S2 bend

i 1 T 1 T | T 1 T T | T 1 T 1 I 1 T 1 1 | 1 1 1 T | T 1 T 1 I 1 1 T 1 I 1 T 1
2ssoof—. CENter of outer ring

Inner of vacumn chamber
gamma ray
L outer wall

26050 —

Length from end of the bend to |
the wall: 484.963 m E

26000 —

25950

i1 i I i i i i i i3 i i i i I i i1
-12200 -12150 -12100 -12050 -12000 -11850 -11800 -11850

GX [m]

gamma ray at the end of S2 bend: gamma ray at the end of S1 bend:

{-11827.872 m,26319.878 m} {11827.872 m,26319.878 m}
gamma ray at the wall: gamma ray at the wall:
{-12068.740 m,26075.755 m} {12068.740 m,26075.755 m}



Tunnels, halls and shafts

Tunnel cross section :3m * 3m

300cm!|| vacuum The door on the
shield
wall:2m*3m

20c¢

100cm 200cm

20m
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M), A2 NE3X3KHIRRIE,
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HEEE: 2m*2m*3m, FRE>20.

15m

HALL:
15m * 20m * 5m(/5)
with overhead crane

8m

Channel
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The challenges and the next to do

1) The focalization of gamma-ray: larger than
MeV

2) The detection of the energy distribution and
the spatial distribution of the SR from bending
magnetic and wiggler

3) The Mechanical design drawings and
equipment, and cost estimates



The focalization of hard x-ray
And soft gamma-ray 100keV-1MeV, 1MeV still problem?

Laue lens
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\ LIGA fabrication of X-ray Nickel lenses
Ny pecr 100keV-1MeV : Microsystem Technologies 11 (2005)
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Schematic representation of a Laue q | |
lens based on QM crystals. J. Appl. ] b E=212 keV
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For high-energy photons, the Bragg Perfect crystal, mosaic crystal,
angle is very small, and even in small the maximum reflectivity is 1/2
beams the crystal must be large to . .

diffract. Therefore, Laue geometry  Curved diffraction plane crystal (CDP),

represents a more convenient choice. quasi-mosaic (QM) crystal, peak

Diffracting reflectance is not limited by 1/2
Crystal

Incoming Photons

R=1|1—exp — 7 dyy Ty exp( — pT
A; Q cos Oy

Focal
Plane

Quasi-mosaic (QM)
curvature

Primary
curvature

Impingin I ——
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Choice of crystal
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For various crystals,
the peak reflectance at HEEEEEEER R Y Y
100 keV, 500 keV, and 1 e i :mOOkZV:.‘.g;
MeV energies, Z (atomic "/ - . |
number) increases from e BE - adh
left to right.
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Material selection of MeV focusing
lens: Pb, Au
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Preliminary scheme of MeV
focusing lens
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MeV array/imaging gamma detector

o RIS, FEFIGAGG: 150mm*150mm,

0.2mm— N EJ5

o HF2. SiPMPE UOme@? SEBR R 545
RAR75mm*75mm B PHEE

e 30-505CK FIRGAGG R
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Summary

® Considering the layout of CEPC, the radiation
power and the possible polarization
requirement, four beamlines are designed;

® The basic parameters of the wigglers are given;

® The possible applications of the beamlines are
discussed, especially for the gamma-ray
imagination ;

® The key challenges need to be study are
proposed: the focus of MeV gamma-ray beam
and the detection design.



Thanks go to CEPC-SppC team!






