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SPEAR/SPEAR II

o 2-4 GeV e-e+ collider — Positron Source

e J/y & Charm-t physics _gj .

* Lo = 1E31/cm?/s

e A lot of machine study on beam
dynamics (beam-beam effect, wake
field & impedance, resonance, etc)




A. Chao, Accelerator considerations of large circular
colliders, Mod. Phys Lett. A 31(24), 1630022 (2016)
Y.H. Chin, AW. Chao, and M.M. Blaskiewicz, Two
particle model for studying the effects of space-charge
force on strong head-tail instabilities, Phys. Rev. Accel.
Beams 19(1), 014201 (2016)

J. Wu, T.0. Raubenheimer, AW. Chao, et al., Luminosity
loss due to beam distortion and the beam-beam
instability, Proc. PACO5, pp. 318 (2005)

K. Ohmi and A.W. Chao, Combined phenomena of
beam-beam and beam-electron cloud interactions in
circular e(+)e(-) colliders, Phys. Rev. ST Accel. Beams
5(10), 101001 (2002)

Y. Cai, AW. Chao, S.l. Tzenoy, et al., Simulation of the
beam-beam effects in e+e- storage rings with a method
of reduced region of mesh, Phys. Rev. ST Accel. Beams
4(1), 01101 (2001)

AW. Chao, Beam-Beam Instability, AIP Conf. Proc. 127,
201 (1985)

A.W. Chao, R.D. Ruth, Coherent beam-beam instability
in colliding-beam storage rings, Part. Accel. 16(4), 201
(1985)

A summary of some beam-beam
models

Cite as: AIP Conference Proceedings 57, 42 (1980); h
Joi.org/10.1063,1.32116
Published Online: 08 July 2008

A.W. Chao

ARTICLES YOU MAY BE INTERESTED IN

Lectures on nonlinear orbit dynamics
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AlP Conference Proceedings 87, 147 (1982); htips
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A series of papers led the research avenue of coherent beam-
beam effects. This view of the beam-beam effect (that limits
the performance of storage ring colliders) was revolutionary at
the time but has now become a standard vocabulary.
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p. 330, A.W. Chao, Physics of Collective Beam Instabilities in

e SPEAR Scaling law

There is more. An inspection of Eq. (6.145) shows that if the impedance
behaves like

Z) (o) x o, (6.158)
then the bunch length above the lengthening threshold will behave like
§ o /et O (6.159)

For example, the impedance (6.147) has a = — 3, and thus 7 & €%/ in Eg.

* The Chao-Gareyte Scaling clarified the physical process of the anomalous
bunch lengthening effect observed in electron storage rings.
* 1stimpedance model

0.1

High Energy Accelerators, Wiley, (1993).
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PEP technology developed from SPEAR upgrade

SPEAR-NOTE-181. Chao, Lee. SPEARII
Touschek Lifetime. October 1974.

SPEAR-NOTE-182 and PEP-105. Chao,
Morton. Physical Picture of the
Electromagnetic fields Between Two Infinite
Conducting Plates Produced by a Point
Charge Moving at the Speed of Light.
February 1975.

SPEAR-NOTE-183. Chao. Calculation of Single
Resonance Effects. February 1975.

SPEAR-NOTE-187. Chao, Keil, King, Morton,
Lee, Paterson. Betatron-Synchrotron
Resonances in SPEARII and a Possible
Explanation. August 1975.

gX=18n_m-rad 10nm-rad énm-rad 5nm-rad
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e Celebrating first beam
stored in PEP
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PEP-IT

e A B-factory with asymmetric beam energy

High Enerpy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

Lk i

Total PEP-Il Delivered Luminosity

550

500 -

en 557.4 |

400

350
- 300
=

250

Z00

150

120

S

o
14 T

Peak PEP-II Luminosity (x1KX33) per Month
12
10

8

6

4

, L]

u|||||| | |

DD S S = = el el T TN WS D
AR EEEEEEEREEEEEREEEEEER]
S S S S S SSScsScSs=csSscs=cScSS S
O NN AN I NN I DN




SLAC Linear Collider

e Study the Z,(E=92GeV)

e Demon of a linear
collider and show its
feasibility

e e- & e+ share the same
linac

e More than a 10%
prototype, L = 3E30
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- Provides the basis for the next generation LC

Flexible design to
allow parameter
optimization

Extensive
g  diagnostics for

i troubleshooting

=0 3 andtuning

1o Reliable and stable
- operation

o Well designed

collimation to
limit backgrounds

Courtesy T. Raubenheimer
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THE SLAC LINEAR COLLIDER®)

B. Richter

R. A. Bell, K. L. Brown, A. W. Chao, J. Clendenin, K. F. Crock, W. Davies-White,

H. DeStaebler, 5. Ecklumd, G. E. Fischer, R. A. Gould, R. Helm, R. Hnllehsek,

M.-J. Lee, A, V. Lisin, G. A. Loew, R, E, Melen, R. H. Miller, D. M. Ritsan,

E. J. Sherden, C. Sinclair, J. Spencer, R. Stiening, H. Wiedemann, P. B. Wilson,
. Y. Tao

Stanford Linear Accelerator Center, Stanford University, Stanford, CA 54305

ABSTRACT

The SLAC LINEAR COLLIDER is designed to achieve an
energy of 100 GeV in the electron-positron center-of-
mace system by accelerating intense bunches nf
particles in the SLAC linac and transporting the elec-
tron and pesitron bunches in a special magnet system
to a point where they are focused tu a radius of about
2 microns and made to collide head on. We discuss the
rationale for this new type of colliding beam systenm,
describe the project, discuss some of the novel accel-
erator physics issues involved, and briefly describe
scme of the critical technical components.

1. INTRODUCTION

The progress of particle physics has always heen intimately connected
with the progress of accelerator technology. The past decade has seen the
coming to maturity of the electron-positron coulliding-beam storage-ring
technique, and the machines built to expleit this technique have yielded
most of what we have learned about the properties of new guarks, mesons,
leptons, jets, The physics arguments for continuing to higher energy

in electron-positron colliding beams sre compelling. However, the storage

etc.
rings are becoming sver more costly, While it is clear that higher energies
in electron-positron storage rings are technically possible, it is not clear
that they are fiscally feasible,

SLAC-PUB-2498

AATF-80/21
April 1980
(T/E)

BEAM EMITTANCE GROWTH CAUSED BY TRANSVERSE DEFLECTING FIELDS IN

A LINEAR ACCELERATOR

Alexander W, Chao, Burton Richter, and Chi-Yuan Yao**

Stanford Linear Accelerator Center
Stanford University, Stanford, California 94305

ABSTRACT

The effect of the beam-generated transverse deflecting fields o
Lhe emittance of an intense bunch of particles in a high-energy line:

accelerator is analyzed In this paper. The equation of motion 1s

solved by a periurbation mecthod for cases of a coasting beam and a

uniformly accelerated Leam. The results are applied to obrain some

design tolerance epecifications for the recently proposed SLAC Singl

Pases Collider.

VERTICAL BEAM SIZE DUE TO ORBIT AND ALIGKMENT ERRORS*

A. W, Chao and M. J. Lee
Stanford Linear Accelerator Center
Stanford Univeralty, Stanford, Californis 84305

I INTRODUCTION

The value of liminosity, synchrotran light source bright-
ness, quantum ifetime, ete., for an electron storage ring is
directly dependent upon the natural bears size and shape in
e trausverar plass space. These transverse beam param-
eters can be determined from the stationary particle distri-
buticn, #, which depends upsn (s} quantum excitations doter—
mined by the horizontal and vertical energy dimpersion func=
tiome 1, y and 9 in the machine, {b) radintion damping
provided b the IF acceleration, and (c) coupling between the
tranaverse batatron motions caused by the skew quadrupole
and solenoid magnetic fields, A straghtforward method to
find ¢ in by aslving the Faldior-Planck oquation] which eon-
veniently takes into scoount these factors.

In this approach the quantum diffusion effects are do-
scribec by three quaREies, Hyy, Hyy, and Ty wliicls ave
Integrals of the f- and n-functions and thesr derivatives aval-
unted over the bending magnets in the machine; the radiation
damping cffects are charactarized by the radlation damping
constants oy provided by an RF system.” The coupling -
toots are roprosantad by a ronrling conflicient, O, assuming
smooth coupling betwaen the betatron mations, ? Under these
assumptions, # can be found analytically and the expressions
fur transverse e s sieters o terma of G, Ko Hy
Hoyr ;18 &, 260 be obtatned,  From these expreasioba,
i riant conditions betveen some of Lhe beam parnmeters
can easily be show These results have been used to ostl-
mate the oifects in PEF and SPEAR due to magnet alignmeat
and vertieal elosed-orbit errors,

1. COMPUTATIONAL FROCEDURE

The analysis which leads to the expressicns (or me beam
in the betatron phase

pa
spaca {xg. %) ¥, and 5b) has been described elsewhere,®
The xlxl[’nnxry particle distribution was fguad 1o be gaussian.
An outline of the procedure for [nding (x50 (xnye. ete., 18
ahown in Fig. 1. The compatations favelvad wil e

seribed in this section.

etaton e
)
T courLnG
orbia v [
o vat
achernid e raraon
aa T |
thiw trmiten’

Fig. 1. Flow chart of the method.

A. Diffusion Integrals and Coupling Coefiiclent

Firal e valusa of iy a8l 7 o 870 29
given starage ring with kabbn dsattiBation of linesr coupling
SEippeeted by Enorgy Rescareh and Nevelopment Admin.

elements and sextupole magnets. Then the diffugion integrals
wre evaluated over all of the bending magnets:

5 da 1
ep X gt _ - 1
By cszmw‘,}[qma,n; dnaue -4

with 1,] = %,¥, §, the betatron functios, R the average ma-
chine Tadis, o the radius of curvature i s beodiog magnet,
+ the beam snergy in units of rest energy, and Cg = 55 Fah/
45.Jm, = 2.16 ¥ 10-19m3 /s,

The coupling coefficient al o reference point i the lat-
tice, 8, is computed by Intograting the strangth of the
aquadrpole 1ield, S, and the al'?mm of the salenoid field,
Sy over the :aup:& elementss

zxu[lﬂ{’d- (i—%—av)]
B ) i)

where Sg(f) = {58 _/) R sad Syf) = B, R/Bp with Bo the
particle Figidity afd 4% = vy - ¥, - m the E‘u?me from the
nearest ccapling resonance with i an integer.

8 4aT
i
Q=Gpa,- | 9 2
[}
3

B. Boam Distribetion Parameters
The expected values af the reference point for the beam
noardinates in the x=y plane can be computed by:

CF )
7 I

;
G| [mimper

tnm g’ Mo
N

v |[n,|@
oy agatinepiad] 3

'y

‘where &= T 7
ﬂ[!n‘my] 1915+ a0, &v
with g evlusted et the roforaae fois,
11 intoresting to note that thess parameters obey the
invariant condiiios

2 E
@ &
T T, tay 7, -%ui +H) @

tndependent of Ihlg:nplin( strength, The other axpected
valoes x>, dﬁ’}' K = EX Fy € », snd
<y} are computed by the E:pr!ae:gna' e <
@ ey b oD op Op
: . . i

TSRS SR

B - REHA V) - BBy = Crgigd 15
and

Cxyth = Wy = - ey -l = '%1; o

where v, = (1+81°/4)/8, and K] _ is an additional dilfusion in-
togral dbfined to' be ¥
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LINAC

Al | 550 MeV e+
I 800 MeV e-

Energy per beam 510 [MeV]

Machine length 97 [m]
Max. beam current
(KLOE run)

N of colliding bunches 100-111
RF frequency 368.67 [MHZ] o
RF voltage 100-250 [KV] { R

2.5(e-) 1.4(e+) [A]

—— HarMONIC NuMber 120 -
[ ! 72\ 1 " r-ﬁ;-"“(f* Nl & 5 )
Bunch spacing 2.7 [ns] \ &N\, el £ ACCUMULATOR. 41 %5 ;,(
Max ach. Luminosity « 510 MeV ) Plrysics

4.510% [cm2sY]

(SIDDHARTA run)




Crab OFF

0.26

e Crab waist to suppress the x-y resonances

0.24
0.22 |-

02 F

0.18 -
0.105 0.11 0.115 0.12

0.26
0.24

Performing horizontal oscillations:
0.22

1. Particles see the same density and the same (minimum) vertical beta

function 02

2. The vertical phase advance between the sextupole and the collision

0.18 |

point remains the same (7/2)




New Interaction Region

DA®NE IP Parameters

Parameter KLOE FINUDA SIDDHARTA
Date Sept. 2005 | Apr. 2007 | June 2009
€, mMm mrad 0.34 0.34 0.25
By, M 15 2.0 0.25
Gy, MM 0.71 0.82 0.25
0, mrad 25 25 50
G, €M 2.5 2.2 1.7
o 0.44 0.34 1.70
By, cM 1.8 1.9 0.93

Old layout
IP1
o g ﬁ‘ A_,_._*AAE-—B--:
~10m
upoles New layout
! p— W——— 1P
— ,L, = o @ =0.071rd e.p=0.025‘rq\4’
— e
I % | o
Compensat_or_ s;l-n;d_s not oniilpleif : e; ’
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___— NEW
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DAFNE Peak Luminosity
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Luminosity (cm?Zs™)
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Luminosity [cm™@ s
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vs Current Product
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PMQDI102
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QUAPL109
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e

Specific Luminosity

[cm-2s"mA-2/bunch]

Integrated Luminosity 14.98 14.03
[pb-"/day]




DADONE Timeline  uminosity Gain

1se in terms of peak luminosity as
» same detector with the same accuracy

v 12014 + Mar 30" 2018

12" 2001+ Feb 11" 2006 TR

March 315t 2018
end of the KLOE-2 Run

April = July
KLOE-2 roll-out (completed on May 28th)

since beginning of operations

Naist collision scheme:

January 2019 4 2&}; 8.5 [mm) ]
SIDDHARTA-2 IR installation 228/Jan/2018
A
In year 2019 w.ﬂ’ |
SIDDHARTA-2 data taking gﬂiﬁw Wﬁ
Ve
Starting from 2020 DA®NE might be transformed in a _ _'__'.‘ll
test facility: e

1914 06/15 DADNE-TF ! — E%E%E?EEENEH&E % P

T 15 2 25 Yysics
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e

BEPC

e BEPC (1988 - 2005) --- China’s first large science facility (collider & 15t
generation synchrotron radiation light source

o e =
e o =
T :




Visited IHEP in 1981
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BEPCIT

. BEPC (1988 —2005) = upgrade to BEPCII
BEPCII (2006 _ now) { A double-ring factory-like machine

Deliver beams to

>




Collider

(] Collision Mode

= Beam energy range

= Optimized beam energy
= Luminosity

= Full energy injection

] SR Mode

= Beam energy
"= Beam current

1-2.1 GeV
1.89 GeV
1x1033 cm2s’1
1-1.89 GeV

2.5 GeV
250 mA
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e BEPCII design

X Min -workshop on BEPC- II/ ptics

November-4-8, 200: g—
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Milestones of BEPCII construction & operation

>1fb! @ 4.23
~500pb? @ 4.26, 4.36
/ //300pb @4

o
12-14 0103 0123 0212 03-04 276]&:2 m}lg 08-12

Events / 0.01 GeV/c?

Jan. 2004
May. 4, 2004
Dec. 1, 2004
July 4, 2005
Mar. 2, 2006
Aug. 3, 2007
Mar. 28, 2008
July 19, 2008
May 19, 2009
July 17, 2009
April 8, 2011
April 2013
Nov. 20, 2014

April 5, 2016

Construction started

Dismount of 8 linac sections

Linac delivered e- beams to BEPC
BEPC ring dismount started

BEPCII ring installation started
Shutdown for IR-SCQ installation
Shutdown for BESIII installation
First hadron event observed
Luminosity reached 3.3 X 1032cms™!
Pass the National test & check
Luminosity reached 6.5 X 1032cm2s™!
Zc(3900) found & confirmed
Luminosity reached 8.53 X 103?2cm2s!

Luminosity reached 10.0 X 1032cm2s™1

L .
| Significance
80?>86

3.7 38

> :
Monax (/) ( GeWc 2013

[esoa aEPcls:nus
WEEGEY) 0.0001 Wet (mA) et Life(h) 0.01 Inj.Rate{mAlmin): 0
W e- E(GeV) 25000 We (mA) 1.051 We-Life(h) 676 OpMode: Commissioning
e+ ThisShiftjAh) 0001 SR: ThisShiftjah) 041 TCBA: off
Int.Currentiah)  44.09 Int.CurrentiAh) 197.24 Inj State: Waiting
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International Machine Advisory Committee
(IMAC) For the BEPC-II Project

Alex Chao (Chair) Shin-Ichi Kurokawa

Jiaer Chen Dave Rice
Senyu Chen John Seeman
N Bill Weng Activity Report of
Shouxian Fang Ferdi Willeke International Machine Advisory Committee
Bob Hettel Zhentang Zhao (IMAC)
Kenji Hosoyama For the BEPC-II Project

Alex Chao

On behave of the BEPC-I1 IMAC

k: | , A —r November 3, 2008
> PO HE ALk ' = A N ) IHEP Beijing

i SLUANE S e S P W R TR PR 0 |
Institute of High Energy Plhysics




Main design parameters of three rings of BEPCII

Parameters

Beam energy (GeV)
Circumference (m)

Beam current (A)

Bunch current (mA) / No.
Natural bunch length (mm)

RF frequency (MHz)
Harmonic number
Emittance (x/y) (hm-rad)
B function at IP (x/y) (m)
Crossing angle (mrad)

Tune (x/y/s)

Momentum compaction

Energy spread

== Natural chromaticity (x/y)
Luminosity (cm2s1)

BER/BPR

1.89
237.53
0.91
9.8/93

13.6

499.8

396

144/2.2
1.0/0.015

11
6.54/5.59/0.034
0.024

5.16x10*
-10.8/-20.8
1x1033

BSR
2.5
241.13
0.25
~1 /160 - 300
12.0

499.8

402

140

10.0/10.0

0
7.28/5.18/0.036
0.016

6.67x10*
-9.0/-8.9

I ARy

e~y gy ee —eee PGy Plrysics



Beam & luminosity performances
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Future upgrade of BEPCII

S

e High luminosity & high beam energy

L(Cm'zs-l) — 217 ><1034 (1+ R) éy E(GeV @ A)

Vertical p @IP , Beam current,
Limited by hourglass Limited by multi-bunch ® RFVoltage ~2.5MV, Power ~ 250kW
effect instability and power

Feedback system

« 125kW -> 250kW,
« Beam Current: 1100mA. BEPCIl ~ 600mA, (Feedback+RF) BEPCI Record: 910mA , 119 bunches
« Bunch Number: 120. BEPCII ~ 80, (Feedback+RF) (700mA, 80 Bunches in daily operation)
- Bunch Current: 9mA. BEPCIl ~ 7mA, (Feedback+RF) In order to increase the safe margin(more stable)

« Beam-Beam : 0.04, BEPCIlI ~ 0.036, (RF, hourglass effect) * Transverse
» Bandwidth: 125 MHz -> 250 MHz

» Amplifier Power: 75 W -> 250 W

- Longitudinal
» New cavity-like kicker with shunt impedance: 160 -> 400 Ohm
» Amplifier Power: 100 W -> 200 W




Luminosity of KEKB
Oct. 1999 - June 2010

Crab Crossing
T — ;

Peak Luminosity
21.1 /nb/s

i)

nN
S

@

S

KEKB & SuperKEKB

Peak luminosity
in a day (1/nb/s)

<— 1479 /pb/day

'g 1400%—
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'?'g 8 1000E—
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Super KEKB

e Upgrade project from KEKB

e e--e+ 2-ring collider with
— Linac: L ~600m
— Damping ring: C ~100m
— Mainring: C~3016m
HER: 7GeV, le- = 2.6A
LER: 4GeV, le+ = 3.6A
— Belle-Il detector

e Design Luminosity
— 80x103%* cm2s?!
(~40 times of KEKB)

AL )

~/
|

I

Redesign the lattice to squeeze the A mp sy
emittance (replace short dipoles with _ RV G
longer ones, increase wiggler cycles) |

]
Colliding bunches - /H

Hih o s v
\L- - a & - MTER 2 » mat n

Hitb b et

|

P T a L Ty ve—
e Fidnny

LJ
bae gy
po— ok

w

SuperKEKB

® Nano-Beam scheme
extremely small g,
low emittance
& Beam current double
Py
e
2er,\ Oy o E_L ARy
40 times higher luminosity
2.1x103% --> 8x103> cm3s!

p ® RF electron gun
V&, ® improve e+ source
o

Replace beam pipes with TiN-coated

antechamber-type ones Reinforce RF systems for

higher beam currents

Courtesy K. Akai YRS R 2R
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Schedule and main parameters of SuperKEKB

JFYZ2010 JFYZ011 JEYZ2012 JFYZ2013 JEYZ2014 JFY2015 JFYZ2016 JFYZ017
' ' ' [ | :an[Jun.2ﬂ1E}
1 Energy (GeV) (LER/HER)
I *
Phase £ commissioning: BV (mm}
# Low beta® tuning B * (mm)
sl | I"KEKB H # Collision tuning X
pe Cﬂnswcmn # Start physics data taking
g, (nm)
: \ e, /g, (%)
Phase 3: y' Sx A0
® [nstall VXD to complete Belle [ s
# Continue physics data taking Oy (nm)

=5

Phase 1 commissioning:
® Low emittance beam
tuning

® Yacuum scrubbing

Phase 1 beam
commissioning ongoing

R

mﬁh Phase 2, 3 G, (mm)
SuperKEKB )
operation -

OR bunches
| For about Luminosity (1034 cm s2)
I|install QCS and 10 years

||Belle I

Courtesy K. Akai

KEKB Design

3.5/8.0
10/10
330/330
18/18
1
1900
0.052

2.6/1.1
5000

KEKB Achieved

: with crab
3.5/8.0
5.9/5.9

1200/1200

18/24
0.85/0.64
940
0.129/0.090
6-7
1.64/1.19
1584
2.11

SuperKEKB
Nano-Beam

4.0/7.007
0.27/0.30
32/25
3.2/4.6
0.27/0.25
48/62
0.088/0.081
6/5
3.6/2.6
2500
80

YR A% TR R IR F
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Commissioning

Calendar year 2016 2017 2018 2019 e
lapan EY JFY2016 JFY2017 JFY2018 JFY20139
Mo Swmmer ghutdawn Isummmer khusdewr Surnemer Ehutdawn Summershutdown
l | oonwer sping) [poweer sdving) {power shving) [oonwnar saving)
/I:reuia us schedule with desired JFY2016 budget ol el Bala
3
phase 1 Yoo, phase 2w see i o veo) phase 3
- - - T - - -
MR renovation for phase 2, including
MR startup installation of QCS and Belle |1 VXD installation
| [
DR installation & startup —

DR commissioning

|

\

NFENN I S (N BN BN A

[ 1 [ T T© 7 |

DR installation & startup

/ﬁew schedule based on JFY2016 budget Sl

wai Bl 1] o WA} IS
phase 1 & aaen phase 2 phase 3
[ I - - -
MR renovation for phase 2, including
MR startup installation of QCS and Belle Il ‘HTEEEEE::BHUKD installation
] ]

DR commissioning

 —
r

Peak Luminosity™
Integrated Luminosity*

00[/pb]

Ombsec] @U301 1106 Y
2/1/2016 900 - 6/15/2016 9:00 JST

0.8E-HER '

Beam Current [A]

R T AT B | T

2/1/2016 3/1 4/1 5/1 6/

1200 Beam currents during Phase-2

LER Phase-2 ' ' '

800 ” | ‘\\]\1%6 bxr\g%o o
T 400 I . [T PhyS: (k)
5 o
5 1200 |HER Phase-2
£ 800
(0]

[}
@ 400
0

2018/3

2018/4

2018/5 2018/6

Date

201877 2018/8

Courtesy K. Akai & Y. Suetsugu
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e The collision tuning in MR proceeded squeezing By/BX @I|P gradually
e The first physics event observed on April 26, 2018

X The first event on 26", Apnlﬁa ;

Trends of g’ and &’
. L} :J T T T
— i £ Phase-2 3
E | L'_\_V',W_L_—‘
< dhER— i
o |HER -~
' 2% [ieR — ! [
o | HER ---- ) ) N e """"
201873 201844 2018/5 2018/6 20187
Date
Trends luminosities
= : Luminosity x10** Phase-2 (Delivered) ) . I
»r &l . ‘ 5.
|5
=] 2} 80 :;-'
- 0 et 0 5
E 60 | Specific Luminosity x10° Phase-2 (Delivered) < A2
40 |1 >10mA pls/™
"o ™ "sunch Ezo !‘_\ -
.‘EL 20 | 4 20

0
201873 20184 2018/8 . Courtesy Y. Suetsugu



Luminosity (L)

SDC)

Specific L (L

Commiissioning in Phase-3, 2019 spring

PR,
R
Tramase

o BX*/By* were squeezed to 80/2mm on June 21, 2019

e The max. lum. of 1.23x10%*cms! reached at 820/830mA, although the Belle-1l HV
was off due to high background

e Specified lum. increased in proportional to 1/ 3%, satisfied even at §," = 2mm.

Trends luminosities |s 60 o VS A
3 [P ' ? ;
\ 12 * ‘

1.2 [Luminostty [x10 cm? s '] . - '] 0.04 <1 x1 <0.06 [mA") {600
0. | Phase-3 (2019 Spring) (Delivered) . 50} o) AR TOR% S
NE \‘ 4 500
(&) 40 - \
8 \ Phase-3 ] 400
- 0, _2_9 2 = 30}
90 | Specific Luminosity [x10™ ecm™ s mA™] > &\ 4 300
@ N
60 | 3 2 20 | S
. 0 e o 1™
30 $ 0 = 7= -‘\-
' ’ & W TS 100
0 - A - ok . : .' g.
201973 2019/4 2019/5 2019/6 201977 2 0

0 0002 0004 0006 0008 007

Date
Courtesy Y. Suetsugu B, (m]
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Key challenges for high luminosity

e Decrease in Lsp with bunch current product

— caused by the beam-size blowup due to beam-beam effect, although the mechanism has not
been well understood yet.

L. vspB* L vsB*
o 50 Y — ﬂy - i 80 sp A
‘*,é ~ n, = 1576 é ® amm 1876 | X/ >0.02mA
. 70 - [ .'." 2mm. 789 ® ) J
o P o L'“ in Phase-3 (“6/20) /}' =3mm . S il iaas < Max. x 70% >
w b ’ <
o ® L_in Phase-2 I x1 >0.02 mA " 60 |
E sp b ® = ° °
Ko ' < Max. x 70% > S 0 é °
:%o 30 | ] ® ? ?O - @ o
v | 1 ' — o
X, T?+.'9f$ X 4| ©© $e° o
> 194, > . )
g 0} *e0 30 | o§io0 oo 0s0°e328,
g +§§+*+ . 00.0..... ...
05 0400404500 o0 20 | $000000,,
'8 10 } (8] e
= . o o
§ ‘% 10 } o e
0 - 0
0 0.1 0.2 0.3 0 0.1 0.2 03, f'f
2 2 S
lbc X |Dp [mA7] lne X 'op [mA J _s‘ics

Courtesy K. Ohmi & Y. Ohnishi



e High background (BG)

— Main BG source in LER was found to be the beam-gas Coulomb scattering

— Bursts from stored beam, possible induced CDC trips and/or beam abort. Dust?

— Bursts from injection beams. Changes in energy or orbit at the Linac?

— Slow change in injection condition. BG degraded gradually, as well as injection efficiency, even

in one shift (8 hours) and difficult to keep good injection condition. Temperature dependence?

e QCS quench and beam aborts

— Frequency of QCS quenches in Phase-3 decreased, compared to that in Phase-2

— 7 quenches (two types) happened.

¥R HAEGD R aR fi

Institute of High Enerygy Plrysics



Commissioning plan

e Autumn run (2019/10/15 —2019/12/12) — continue physics run and machine tuﬁlng
e Winter shutdown (- 2020/01/16) — 150kV power line work, collimator installed in LER
e 2020 Spring run (- 2020/06/30) — under discussion, but continue physics run.

FY2018 SyperKEKB Operation Plan (2019/4,/14]}

2018 2020
&qril Srlmy Iurmne Jnaly Gupsinembhne I Limscmmbar Imnpairy Faarusr Y BAnrgh
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Shutdewn {scheduled) 182

FY2020 SuperKEKD Operation Plan (Mot fiwed)

2020
&gl SrEy Iurmn Iuly ALpEuRt
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Commissioning plan
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Large Electron Positron Collider (LEP)

e Largest e -e* collider,Z& W
e E_=91-209 GeV

e Realized pretzel orbit
* N,=4, lpcam, max=6-2MA
* Max. §,=0.083

¢ Lo =2x10%2cm2st e
e 4 detectors

an
CMS . —_— ions

neutrinos to Gran Sasso

LEP/LHC

e Physics running started
at 1989, and stopped
at 2000.

¥R AY DRI MR fr
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LEP technology worked well

Parameter Design Achieved
LEP1 /LEP2 LEP1/LEP2
Bunch current 0.75 mA 1.00 mA
Total beam current 6.0 mA 8.4/62mA
Vertical beam- 0.03 0.045 /0.083
beam parameter
Emuittance ratio 4.0 % 0.4 %
Maximum Iumi- 16/ 27 34 /100
nosity 10" em™s” 10" em's"
IP beta function i, 1.75m 125m
IP beta function [, 7.0 cm 4.0 cm
Max beam energy 95 GeV 104.5 GeV
Av. RF gradient 6.0 MV/m 7.2 MV/m

e Future lepton collider
— LEP3?
— TLEP?

TLEP (80 km,
-~ e*e;, up to
~350 GeV c.m.)

PSBps (0.6 km)

VHE-LHC

(pp, up to
100 TeV c.m.)

also: e* (200 GeV) — p (7 & 50 TeV) collisions

(e*e, 240 GeV c.

¥R HAEGD R aR fi

Institute of High Enerygy Plrysics



iggs discovery

5 GeV

1

-

o

o
-
a
=
]
>
w
el
8
<
>3
2
=
(7]
+
2
»h

Events / 3 GeV

.k‘g
e

140 150
m. (GeV)

160

m,, (GeV)

SIS R R——" .




FERMILAB-CONF-13-037-APC
THEP-AC-2013-001
SLAC-PUB-15370
CERN-ATS-2013-032

arXiv: 1302.3318 [physics.acc-ph]

Report of the ICFA Beam Dynamics Workshop
“Accelerators for a Higgs Factory: Linear vs. Circular”

(HF2012)

Alain Blondel', Alex Chao?, Weiren Chou’, Jie Gao', Daniel Schulte’ and
Kaoru Yokoya®

® A CE P C (p ha Se I ) + Spp C (p ha se I I ) was p ro pOSEd In ‘l U. of Geneva, Geneva, Switzerland
“SLAC, Menlo Park, California, USA
I H E P ) Se pt . 2 0 1 2 2 l-"cnnilu:‘]l:al::ia, l?lilngins]‘ltlS/\
" IHEP, Beijing, China
> CERN, Geneva, Switzerland
 KEK, Tsukuba, Japan

pp collider

February 15, 2013

ee* Higgs Factory



Discussion on large

Accelerator Cons
Circular Collic¢

What colliders are beyond the LHC? For the ene
the table today:

e+e- linear collider (a) superconducti
(b) Normal condu
(c) plasma-laser

e+e- circular collider

pp circular collider

u+u- circular collider

It is too early to discuss which options to take a

For now, let’s consider two of the options of cir
tremendous physics reach, let us not lose sight
simple extrapolations from what we have today

Outline:
Parameter samples for discussion: CEPC

circular collider

iderations of Large

e+e- circular collider issues in a nutshell

As a Higgs factory, E_, = 240 GeV is considered given.

At this high energy, synchrotron radiation becomes immediate challenge. To put it under

control, we must have large circumference: P = E*4/C, using the first power of C to fight
the fourth power of E.

Two ways to scale from LEP:
(a) Minimize total costS=C + E4/C:

=» Sis minimum when C=E?, and S,,;,, =2 E? [Richter 1976]

=>» scale from LEP-I [E_,, = 110 GeV, C = 27 km] > Higgs [E_,, = 240 GeV, C= 128 km]
(a) Holding the total synchrotron radiation power fixed:

= C=F*

=» scale from LEP-II [E,,,= 209 GeV, C = 27 km] > Higgs [E_,, = 240 GeV, C = 47 km]

The present CEPC design C = 54 km is closer to case (b). Cost optimization is not yet a
consideration.



CEPC - The Physics Case

Experiment with the H: portal to the new world?

Pre-CDR

CEPC directly / indirectly: probes new physics ~10s TeV scale

The discovery of H(lZG) = golden opportunity BSM new phys|cs searches )
T inary Matter The Standard Model | :
(a.k.a. our best theory of Nature) : "5' ._I.
Mediat‘? Matter New Physics Scales o be Probed at CEPC via dim-6 Operators ; HI'!'{? S | E .%
Interactions 40 v B T — | T .'I'-.: : = :
Forces a5 [Bms0 . EWPO+HO+ZPole Lo z, =
E ﬂ ~ Wrree ey 10t q_ 5% 10
wl g = o : —
L = :_20 ............................ 5 o e T ”
u L [ - —
o T T B R B R -
Before]uly 4’ 2012' 10---F41-F%1---F04------F2 1P F--- 10 LA . ; ‘u = xlo
never directly observed! IR ETH ! . l | l . | W tusion__+—"
&é% 0 7I_J| l L II I'__lll__.l l I J lI ||| I 10! AR L : N PR
o oy o . . G Cr Cww Cos Cws Gw G cff of o o CE) U w M S Z fllSiﬂill —
Higgs: it interacts with all fermions and W/Z S Ge. H. He. R. Xiao. 1603.03385 1 e / T g5 x 108
Is it connected to DM, DE? |

i L i L I L
50 100 150 200 250 300 350 400

\/: [GeV]
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CEPC timeline

CEPC current@ime
n o Te] o w0
- N N (s2] [42]
o o o o o
N N N N N‘
R&D .
Pre-studies . . . Construction Data taking
(2013-2015) E"Q'(';%‘:'g'fgozng)s'gn (2022-2030) (2030-2040)

1st Milestone: Pre-CDR (by the end of 2014) ;

27 Milestone: R&D funding from MOST (in Mid 2016);

3rd Milestone: CEPC CDR progress Report (by the end of 2016);

4th Milestone: CEPC CDR Report (by the end of Aug 2018);

5th Milestone: CEPC TDR Report and Proto R&D (by the end of 2022);

6t Milestone: CEPC construction start (2022);

Public release of printed
CDR volumes in IHEP on
14th Nov., 2018

IEP-CEPC-DR-2015.01

HEP-AC-2015-01

CEPC-SPPC
Preliminary Conceptual Design Report

Volume Il - Accelerator

The CEPC-SPPC Study Group

March 2015

CEPC
Conceptual Design Report

Volume | - Accelerator

The CEPC Study Group
August 2018

CEPC-SPPC
Progress Report (2015-2016)
Accelerator

IHEP-CEPC-DR-2018-02
IHEP-EP-2018-01

IHEP-TH-2018-01

CEPC
Conceptual Design Report

Volume Il - Physics & Detector

The CEPC Study Group
October 2018



Luminosity vs. CM energy

e’e” Collider Luminosities

Circular:

—e— FCC - Amsterdam 2018

ﬁ B —m— CepC - Amsterdam 2018
offers higher lumi. @ LE 50E e e 20T
=unprecedented Z,W,+H program °c F7 o ILC- New 24 Gev - HK 2018

i [ ——— CLIC 99% - Rebaseline 2016
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* Double ring baseline design (30MW/beam

* Switchable between H and Z/W w/o hardware change Lumi.  Higgs W z Z(27)
(magnet switch) — x10% 293 115 16.6 321
* Use half SRF for Zand W =

* Could be optimized for Z with 2T detector

Higgs Mode

W & Z Mode

Positron Ring RF Station

Collider Ring

* Double ring collider with 2 IPs
« Compatible with the geometry of SPPC




Future Circular Collider Study - Scope

International FCC collaboration with EERN
as host laboratory to study:

e ~100 km tunnel infrastructure in Geneva area,
linked to CERN

« e*e collider (FCC-ee), —> potential first step

* pp-collider (FCC-hh) - long-term goal,
defining infrastructure requirements
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Schematic of an
80 - 100 km
long tunnel
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t  HE-LHC with FCC-hh technology

* lons and lepton-hadron options with hadron colliders

~16 T = 100 TeV pp in 100 km
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e FCC-ee reaches highest luminosities & energies by combining
ingredients and well-proven concepts of several recent colliders
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B-factories: KEKB & PEP-II:
double-ring lepton colliders,
high beam currents,

top-up injection

DAFNE: crab waist, double ring
Super B-fact., S-KEKB: low 3 *

LEP high energy, SR effects

VEPP-4M, LEP: precision
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HERA, LEP, RHIC: spin gymnastics



Two main IPs in A, G for both machines.
Common footprint except around IPs.
FCC-ee asymmetric IR layout to limit synchrotron radiation
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e FCC integrated project plan is fully integrated with HL-LHC exploitgfio

s
e

provides for seamless further continuation of HEP in Europe.
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Project preparation &
administrative processes
Funding & governance strategy

Permis-
sions

Geological investigations,

infrastructure detailed design and Tunnel, site and technical infrastructure

15 years operation ~ 25 years operation
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FCC - Next steps

2019-2020:

* Layout optimisation and work on implementation with host states.

* Near-term focus on FCC-ee as potential first step (awaiting strategy
recommendation).

* Preparation of EU H2020 DS project (INFRADEV call November 2019),
focused on infrastructure implementation.

2020/21 — 2025/26: project preparation phase (if supported by EPPSU
and CERN Council)
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