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CEPC = Circular Electron Positron Collider
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Nature Breakthrough of the Year
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Breakthrough of the Year, 2012

[ ]
surprise that the breakthrough of the year is a big physics finding
confirmation of the existence of the Higgs boson. Hypothesized more
than 40 years ago, the elusive particle completes the standard model of
physics, and is arguably the key to the explanation of how other
fundamental particies obtain mass. The only mystery that remain

whether its discovery marks a new dawn for particle physics or the final
stretch of a field that has run its course

_— The Discovery of

t CERN

| . Neutrino Mixing Angle
013
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g/The Standard Model , for professors
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The Standard Model, for students
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Large Hadron Collider (LHC)
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CERN European Organization for Nuclear Research

® Founded in 1954

® Member States (20) : Austria, Belgium, Bulgaria, Czech Republic, Denmark,

Finland, France, Germany, Greece, Hungary, Italy, The Netherlands, Norway, Poland,
Portugal, Slovak Republic, Spain, Sweden, Switzerland and The United Kingdom

® Observer States and Organizations : India, Israel, Japan, the Russian
Federation, Turkey, the United States of America, the European Commission and UNESCO

e Non-Member States currently involved in CERN programmes
Algeria, Argentina, Armenia, Australia, Azerbaijan, Belarus, Brazil, Canada, China, Croatia,
Cyprus, Estonia, Georgia, Iceland, Iran, Ireland, Lithuania, Mexico, Morocco, Pakistan, Peru,

Romania, Serbia, Slovenia, South Africa, South Korea, ...

2016/8/7 Weihai High Energy School 2016 11



European Organization for Nuclear
Research (CERN)

Contributions 2005
au budget du CERN

% MCHF

== 1 Allemagne 20.12% 199.560
E® 2 Royaume Uni 17.80% 176.567
Bl 3 France 15.90% 157.676
Il 4 Iltalie 12.43% 123.289
Z= 5 Espagne 7.68% 76.148
== 6 Pays-Bas 4.24% 42.037
7 Suisse 3.20% 31.756
i Il 8 Belgique 2.65% 26.271
BEE 9 Suéde 2.59% 25.648
E= 10 Autriche 2.18% 21.612
B 11 Norvege 1.86% 18.400
ms 12 Pologne 1.82% 18.000
8= 13 Danemark 1.69% 16.749
<= 14 Gréce 1.39% 13.800
= 15 Finlande 1.26% 12.517
B 16 Portugal 1.11% 11.015
ks 17 Hongrie 0.85% 8.463
== 18 Reépublique Tcheéque 0.72% 7.167
@m 19 Reépublique Slovaque 0.32% 3.214
< = 20 Bulgarie 0.19% 1.909

7 — .00% .
2016/8/7 Weit 100.00%  991.798

Le bardme des contributions ast calculé avec une pleine précision, mais ks chiffres indiqués sont arrondis
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Rolf-Dieter Heuer
Director General of CERN




Historically they were all wrong...

"So many centuries after the Creation, it is unlikely that
anyone could find hitherto unknown lands of any value”

— Spanish Royal Commission, rejecting Christopher Columbus
proposal to sail west, 1492

“The more important fundamental laws

and facts of physical science have all been
discovered” — Albert Michelson, 1894

"There is nothing new to be discovered
in physics now. All that remains is more
and more precise measurement”

— Lord Kelvin, 1900

Weihai High Energy School 2016 15




He was wrong too !

* "In the next ten years, the most important
discovery in high-energy physics is that
‘the party's over'." - C.N.Yang, 1980

-W, Z (1983-1984)
- top quark (1995)

- neutrino oscillations (2000) ?
- Higgs (2012)

Is it the end, or new beginning ?

Future will tell us !

2016/8/7 Weihai High Energy School 2016
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Frontiers of particle physics

* High energy frontier
— LHC RUN2 (2015-2020)
— HL-LHC (2023-2032)
— 7100 TeV pp collider?
* High precision frontier
— Flavor physics, neutrino physics...
— Higgs: LHC + Higgs Factory?

2016/8/7 Weihai High Energy School 2016
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Experimental tests of SM
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« Search for new resonances in diphoton final state (2015 data)

+  Spin-2: Randall-Sundrum graviton
+  Spin-0: Higgs-like
+  Spin-0 analysis updated with combined 2015 + 2016 dataset
+ Data consistent with background-only hypothesis over the full mass range
* No excess with a global significance above 10

+ Broad excess around 750 GeV in 2015 data not seen in 2016 data for spin-0
analysis

* More work needed to complete the analysis in the extended acceptance
of the spin-2 selection

Bruno Lenzi (CERN) Search for a high mass diphoton resonance using the ATLAS dstector 06/08/2016 17



C.Rovelli, INFN Roma
On behalf of the CMS Collaboration

Conclusions

Search for new resonances decaying to di-photon pairs presented,
based on 12.9/fb of 13TeV CMS 2016 data

* Mass region between 0.5 and 4.5 TeV

* Tested hypothesis: spin-0 and spin-2 resonances with different widths

Data consistent with Standard Model expectations

Modest excess presented based on 2015 (+ 8TeV) data in the region
around 750 GeV not confirmed by the new data

* Results at 750GeV compatible at level of 2.4c

2016 data combined with 2015 and 8TeV data

Limits set on the production cross section times di-photon branching ratio
* Negligible contribution of the 8TeV dataset

* 2016 data dominating limits and significances

22
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What Next?
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SERUIR R AR (1)

o PREEIEITLHC

- LHC 13-14TeV (2015-2020)
. LHC 74
-S=EHZL HL-LHC (2023-2032)
¥ 13 SV%

> FR LR BB !
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HE-LHC

~HiAsERE (FIEST)

Field progress in accelerator magnets
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Higgs Boson
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Why e*e" Collisions?
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Higgs Factory
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EPRBEZXTEH (ILC)

RS RERZFE T, RRFM

2006

1980’: Basic Study

2007 2008 2009 2010 2011 2012 2013

ILC - GLOBAL DESIGN EFFORT (GDE)

. 2013' TDR . Linear

THE INTERNATIONAL LINEAR COLLIDER CO | | I d e r
: - Collaboration
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ILC TDR: INiE&i% i+

Ring to Main Linac

(including bunch compressors -
reduce oz to eliminate hourglass
effect at IP)

Polarized e+ Source

on target)

e

e- Main Linac

(use e- to pair-produce e+

Damping Rings Polarised Electron Source
(reduce emittance (deliver stable beam current)

- smaller transverse

IP size achievable) e+ Main Linac

........ Parameters Value

C.M. Energy 500 GeV
Beam Delivery/Final Focus System
y/. . y Peak luminosity 1.8 x10%* cm2s!
J (demagnify and collide)
----- Beam Rep. rate 5Hz
o V24 M
Two detectors (“Push-Pull” option) Pulse duration 0.73 ms
.. Average current 5.8 mA (in pulse
ILC TDR: key accelerator technologies in hand g e
2016/8/7 after extensive R&D,.; High Energy School 2016 E gradient in SCRF 31.5 MV/m +{A—l20%

acc. cavity Q, =1E10



ILC TDR: #l2%i&3t+

e SiD
— High B field (5 Tesla)
— Small ECAL ID (p resolution)

— Small calorimeter volume
* Finer ECAL granularity

— Silicon main tracker

e [LD
— Medium B field (3.5 Tesla)
— Large ECAL ID (cost)
 Particle separation for PFA
— TPC for main tracker

2016/8/7 Weihai High Energy School 2016
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CEPC-SPPC: #1182
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1t R IE A FX7#E1l (BEPC & BEPCII)
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Development of Ideas

* Initial ideas of e*e" circular Higgs factories:

CERN-OPEN-2011-047
- LE P3 20 January 2012
Version 2.9

. T L E P arXivi:1112.2518v1 [hep-ex]
— S u p e r_T R I STA N A High Luminosity e*e” Collider in the LHC tunnel to study the Higgs Boson

Alain Blondel, Frank Zimmermann?

° ° ° IDPNC, University of Geneva, Switzerland; 2CERN, Geneva, Switzerland
— Fermilab Site-Filler

FERMILAB-CONF-13-037-APC

* CHF: ppis added
arXiv:1302.3318 [physics.acc-ph]
— Circular Higgs factory
+ pp collider

Report of the ICFA Beam Dynamics Workshop

e FCC - E uro pe an St rate gy “Accelerators for a Higgs Factory: Linear vs. Circular”
(HF2012)
— FCC-hh, FCC-ee,
Alain Blondel’, Alex Chao’. \Yeiren C 110113.6.T ie Gao®, Daniel Schulte’ and
Fcc_e h’ vee Kaoru Yokoya

2016/8/7 Weihai High Energy htitjot Zfwww-bd.fnal.gov/icfabd/HF201 2 pdf




Two Major Efforts Developed

China, 50-100 km Europe, 80-100 km

: Schematic of an
§ 80-100 km
4 long tunnel

ol T L0

'.!. 2013 Dig I
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o 6 ) Mg {
Bl laz
Energy School 2016
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20136 A12-148F LS "I IE AR FXHEYIHIgos T
(CEPC)+ B4 R F3HEHL (SppC) 2R E S aE B & R EZ R TR FNAL
i%_”

MENE=RENE “PESEIMEEMIELRELRITS” £it:

“INEIE Al Fa#EIHigos T~ (CEPC) + B4 R FXtE#1(SppC) 2
KERISHEYELRNEERTT
201452 AEXN B BAMEREAFEMERZ RS (ICFA) MBI T &S

ICFA :.-......-...l..- Py RN | S Ry 1 SIS S PR ..II:.I..!rs and

hICFAi#fﬁEEﬁﬁ?&%ﬂéﬁﬁﬂﬁ%#ﬁﬁJéﬂ?E‘Jﬁ}iﬁ

n o IGSCD SIUUGI VWVWVIVITIIUtLIVII

20147 AKICFAS EERXIFFR BN RE SILCHX R, KR
MEERAMEET ENHR. Hit:

v ICFASK S S R BREF A HOMLAORT oL, oA H 1R A A
Cil 34 LHCHIR 7% T3

collisions at energies much higher than those ot the LHC.
4 Weihai High Energy School 2016 43
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ILLUSTRATION BY SOOTT GARRETT
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Together to the next frontier

As eme L

generati c‘lf Chin(l doeS

physics. The def

Td;scmr the Hi junlp a he ad »

tially complete. Still abuj
for the Higgs prediction|

==t it will change

The Higgsbosonis th
the standard model of
the model does not expl
tal aspects of our Univi
trino’s very small m
dark energy, we know
on. But where might th

origin of their tir;y'

US proposal to build a long n
experiment, running 1,300 kilom
Fermilab to the Homestake minein So
Dakota. Anambitious 35-kilotonne liquid
argon detector located nearly 1,500 metres
below the surface emerged as the preferred
project when the US community met in
Minnesota for a ten-day planning sympo-
sium in July. It would help us to understand
neutrino masses and whether these parti-
cles contribute to the matter-antimatter
asymmetry of the Universe.

With the total construction budget near-
ing $1 billion, the experiment will require
international partners — a new approach
for US domestic science. The US Depart-
ment of Energy’s Office of Science has indi-
cated that it would support such a major
proposal if there was involvement from

another has neutrinos travelling across

Japan. But the world can afford only one.
Japan is perhaps the stiffest competitor,

withleading programmes in neutrino phys-

Weihai High Energy School 2 (i fptom quk (b-guak) factory and

ion‘and muon experiments. The country

the landscape
of science.”

upin the 2030s.
And the United States still
to host a high-energy f

IfChinadoes  Fermilab’s Tevatron

jump ahead, accelerator in 2011
itwill chan ge and failing to realize
the landscape  the Superconducting
of science.” Super Collider in the

1990s. Perhaps the
high-energy baton could be passed back to
the United States. Fermilab is still a world
leader in high-field magnets for proton
accelerators, which would be necessary for
any 100-TeV proton-proton collider.

To add to the suspense, there is the
changing role of China. Historically a
small player in particle physics, it last
year stepped onto the world stage with

symmetry ditterences between neutrinos
and antineutrinos might be observable
in a long-baseline experiment, telling us
about matter and antimatter imbalances
in the early Universe. Emboldened, might
the Chinese leapfrog the world by hosting

368 | NATURE | VOL 504 | 19/26 DECEMEER 2013

kyer calls for the next
hated on a global scale.

Tllinois, I have spent the past six months in
discussions about the future of US particle
physics. But particle physics isan interna-
tional pursuit, with projectsin and partici-
pants from many different countries. The
United States is well positioned to take the
lead in some areas, such as neutrino phys-
ics, but the global landscape is uncertain.
Resources need to be pooled, and new
players are emerging. China’s and India’s
talent, infrastructure and ambitions must
now be factored into the global equation.

We are at a critical moment for the
field Each country and major project »

Fermilab and lh;ngh Enérsy Accelerator

Research Organization (KEK) in Tsukuba,
Japan: these are the only places where large
particle-physics projects are currently fea-
sible. Demands from emerging economies
such as China to host other projects will
challenge the long-term plans of the exist-
ing leaders. Scientists in the United States
and Europe will have to find outhow best to
use international competition asa spur for
advancing projects on their own soil while
still being good international partners. This
may become tricky.

Higgs bosons are not export-controlled,
nor are pictures of deep space from advanced
telescopes. But the technologies developed,
often through international collaborations,
may have dual use — for defence applica-
tions or for economic gains, for example, as
well as forbasic science. Countries will have
to decide how to oversee and exploit these

understand how the Universe works.m

Nigel Lockyer is director of the Fermi
National Accelerator Laboratory in Batavia,
Illinois.

e-mail: lockyer@fnal.gov
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Timeline (dream)
* CPEC

— Pre-study, R&D and preparation work
e Pre-study: 2013-15
— Pre-CDR for R&D funding request
* R&D: 2016-2020
* Engineering Design: 2015-2020
— Construction: 2022-2028

— Data taking: 2029-2035
* SppC

— Pre-study, R&D and preparation work
* Pre-study: 2013-2020
 R&D: 2020-2030
* Engineering Design: 2030-2035

— Construction: 2035-2042

— Data taking: 2042 -



Timeline (dream)
* CPEC

— Pre-study, R&D and preparation work

TR E :

* "20203ZR%CEPC, {EJ Higgs / Z/W

D g R R

o TESETERRERET (720367 ) EIESppC

— Constructio: 205-2042
— Data taking: 2042 -
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— Higgs T (240- 250 GeV %t =4 ~ 106 [ Higgsti+)
- FBHRNE SR HiggsHlF(RE. BiE- FiR. BEFH)

— Z& W T (90 GeV 4t = A= 5 101092 1 F)
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Precision of Higgs couplingmeasurement (Contrained Fit)

Relative Error
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« 90 GeV A=A R4E 1010402 P F

Nt o

o FBHNEZ/WSE SR TFRREE, FRIWEFERZFTS
o ATURAFYEZR ~Tev, LB KFFIONLES, HEHL-LHCHE1L-3
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Electroweak Fit: S and T Oblique Parameters

Current (68%)
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SPPC K1 AR HkER

o EIHELER: JREE Mk (B=20T)

R ADURRER (B o= 14-20 T)
« EFERBER - - -
.+ R

> 8RR AR RS B st
> i R 2 F AR R K E it

> RS R 58 A AR L
5% B 7

> — T ERB TR

A Conceptual design of 20-T Nb;Sn + HTS common coil dipole magnet from IHEP
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A Conceptual design of 20-T Nb;Sn + HTS common coil dipole magnet from IHEP
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Price of HTS tapes (RMB/m)

800 <

700

600

500

400

300

200

100

Future of HTS Superconducting cables

Cost per meter decreased by ~ 2.5 times per 10 years
Current limit per unit area increased by ~3 times per 10 years

Unit price can improve by ~50 times over 20 years, if past data can

be used for prediction !
20T Full HTS magnet ???

I I I I I I I

—— HTS Bi-2223 4mm-width tape (Sumitomo)
HTS YBCO 4mm-width tape (Superpower & AMSC)
—4@— HTS YBCO 4mm-width tape (SST) 7]

* HTS Bi-2223: bismuth based 1G HTS S
** HTS YBCO: rare earth based 2G HTS Doy

0
2004 2006 2008 2010 2012 2014 2016 2018 202C

Time (year)

Critical current of HTS tapes (A)

SN
N
o

360

300

240

180

120

)]
o

—
=70

—#— HTS YBCO 4mm-width tape , /
HTS Bi-2223 4mm-width tape /
/
/
/
/
7/
/
7
: I
S
| # - i
7193
152
118

50 9 * HTS Bi-2223: bismuth based 1G HTS

** HTS YBCO: rare earth based 2G HTS

0
2004

2006 2008 2010 2012 2014 2016 2018
Time (year)

PLEASE KEEP OPTIMISTIC !!!
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CEPC Design —Higgs Parameters

Particles e+, e-

Center of mass energy 240 GeV
Luminosity (peak) 2*10734/cm”2s
No. of IPs 2

CEPC Design — Z-pole Parameters

Particles e+, e-

Center of mass energy 45.5 GeV

Integrated luminosity (peak) >1*10734/cm”2s

No. of IPs 2

Polarization Consider in the second

round



CEPC JIliE#Z & 1T

6~10 GeV Electron

v I—
B4 o

Energy Ramp
10 ->120GeV

Positron
[ —P%iE H3 S Hl8%:
> CEPC & booster
> SppC
4
Xﬂ‘zﬁﬂ: a0 T
45/1 20 Gev E 095 3.5200 | \ﬁmﬂ
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CEPC JIEE A% ¥ T 7 HY B 2 )

 Luminosity - Power Consumption - Cost

- single ring + pretzel
- double ring
- local double ring

Long Straight Section

RF RF

« Z pole
® S p p C i n th e s a m e tu n n e I arc Electrostatic separators Electrostatic separators  arc

IP with experiment

o . .
IP with experimen t

Long Straight Section
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Parameter for CEPC partial double ring
—— YY1 aT-1a YT P LA K T L R —

Pre-CDR H-high lumi. H-low power w z

Number of IPs 2 2 2 2 2
Energy (GeV) 120 120 120 80 45.5
Circumference (km) 54 54 54 54 54
SR loss/turn (GeV) 3.1 2.96 2.96 0.59 0.062
Half crossing angle (mrad) 0 15 15 15 15
Piwinski angle 0 2.5 2.6 5 8.5/7.6
N,/bunch (10'1) 3.79 2.85 2.67 0.74 0.46
Bunch number 50 67 44 400 1100
Beam current (mA) 16.6 16.9 10.5 26.2 45.4
SR power /beam (MW) 51.7 50 31.2 15.6 2.8
Bending radius (km) 6.1 6.2 6.2 6.1 6.1
Momentum compaction (10- 3.4 2.5 22 24 3.5

5

)

Bip x/y (m) 0.8/0.0012 0.25/0.00136 0.268 /0.00124 0.1/0.001 0.1/0.001
Emittance x/y (nm) 6.12/0.018 2.45/0.0074 2.06 /0.0062 1.02/0.003 0.62/0.0028
Transverse ojp (um) 69.97/0.15 24.8/0.1 23.5/0.088 10.1/0.056 7.9/0.053
E/1P 0.118 0.03 0.032 0.008 0.005/0.006
E /1P 0.083 0.11 0.11 0.074 0.084/0.073
Vre(GV) 6.87 3.62 3.53 0.81 0.12
f re (MHZ) 650 650 650 650 650
Nature o, (mm) 2.14 3.1 3.0 3.25 3.9
Total o, (mm) 2.65 4.1 4.0 3.35 4.0
HOM power/cavity (kw) 3.6 2.2 1.3 0.99 0.99
Energy spread (%) 0.13 0.13 0.13 0.09 0.05
Energy acceptance (%) 2 2 2

Energy acceptance by RF (% 6 2.2 2.1 1.7 1.1

n, 0.23 0.47 0.47 0.3 0.27/0.24
Life time due to 47 36 32

beamstrahlung cal (minute)

F (hour glass) 0.68 0.82 0.81 0.92 0.95

T  IP (1034 ~n-2a-1) N NOA N OL A N1 o aTe ) 2 £1/2 NO




Parameter for CEPC PDR-100km
(Wwanedou20160329)

H-high lumi. | H-low power w Z
Number of IPs 2 2 2 2
Energy (GeV) 120 120 80 45.5
Circumference (km) 100 100 100 100
SR loss/turn (GeV) 1.7 1.7 0.33 0.034
Half crossing angle (mrad) 15 15 15 15
Piwinski angle 2.0 2.83 8.65 15.8
N./bunch (101 1.43 1.22 0.42 0.165
Bunch number 436 307 2400 15800 182260
Beam current (mA) 30 18 48.7 125.3 1449.7
SR power /beam (MW) 50 30 16.0 4.3 50
Bending radius (km) 11 11 11 11
Momentum compaction (10-) 1.8 1.4 1.4 1.3
Bip x/y (m) 0.297/0.0011 0.3/0.0011 0.1/0.001 0.1/0.001
Emittance x/y (nm) 1.63/0.0049 1.03/0.003 0.46/0.0014 0.14/0.00065
Transverse ozp (um) 22/0.074 17.6/0.59 6.8/0.037 3.8/0.026
EJ/IP 0.033 0.025 0.003 0.002
EJ/IP 0.083 0.083 0.055 0.054
Vrr(GV) 3.1 2.25 0.41 0.053
f rr (MHz) 650 650 650 650
Nature o, (mm) 2.45 2.77 3.8 3.94
Total o, (mm) 2.94 3.33 3.9 4.0
HOM power/cavity (kw) 2.3 11 0.98 097 | 113
Energy spread (%) 0.1 0.1 0.065 0.037
Energy acceptance (%) 1.46 1.4
Energy acceptance by RF (%) 3.5 2.2 0.9 0.7
n, 0.27 0.28 0.26 0.18
Life time due to 40 49
beamstrahlung cal (minute)
F (hour glass) 0.8 0.85 0.96 0.985
Lo/ IP (103%cm2s) 4.75 3.01 4.46 659 | 764




CEPC PDR Luminosity vs circumference

7 . =—#—Higgs-50MW
- Higgs-30MW

6 gg /<
. ——=W
7 5 ==z
(%] .
? 4 | —@—Fcc-ee(Higgs)*
£ /
Q
< 3 /
g
S 2 —
g
5 1

0 [ [ [ [ I I ]

40 50 60 70 80 90 100 110
circumference(km)

20167 Fabiola Gianotti, Future Circular<CelliderBesigm Studys ICFA meeting, J-PARC, 25-2-201662



100km CEPC PDR vs Fcc-ee

. P 11.3 k
Hom,cepc—4 1.2 KW
20 m CEPC

70 )T( X Fcc-ee* —
60
50
40
30
20

10 0 -
0 I | |

0 50 100 150
energy (GeV)

CEPC-50MW

luminosity (E34)

* The large difference of Z is due to the constraint for RF HOM power

* Fabiola Gianotti, Future Circular ColliderDesign Study, ICFA meeting, J-PARC, 25-2-2016.



CEPC vs LEP2

Physics working point H VA JA
Energy/beam [GeV] 120 45.5 105 45.6
Circumference [km] 54 54 27

Single ring/double ring Partial double Single
Pretzel scheme No Yes
Bunches/beam 67 44 1100 4 12
Bunch population [1011] 2.85 2.67 0.46 4.2 1.96
Emittance [nm] 2.45/0.0074 | 2.06 /0.0062 | 0.62/0.0028 38

IP beta [mm] 250/1.36 268 /1.24 100/1 1500/50 2000/50
Beam current [mA] 16.9 10.5 45.4 3 4.2
Luminosity/IP x 103*cm-2s1 2.9 2.0 3.1 0.0012 0.0034
Energy loss/turn [GeV] 2.96 0.062 3.34 0.12
Synchrotron power [MW] 50 31 2.8 22 1.1
RF voltage [GV] 3.6 3.5 0.12 3.5

frr [IMHZ] 650 352 352




CEPC vs ILC

Physics working point H YA H

Energy/beam [GeV] 120 45.5 125 250
Linear/circular circular linear
Bunches/beam 67 1100 1312 1312
Bunch population [10%!] 2.85 0.46 0.2 0.2
Normalized emittance [nm] 575342/1738 55205/249 10000/35 10000/35
IP beta [mm] 250/1.36 100/1.0 13/0.41 11/0.48
IP RMS veritcal beam size [nm] 100 53 7.7 5.9
Beam current [mA] 16.9 45.4 5.8 5.8
Luminosity/IP x 103*cm2s! 2.9 3.1 0.97 2.05
Energy loss/turn [GeV] 2.96 0.062 No

frr [IMHZ] 650 650 1300 1300
Average number of photons / particle n, 0.47 0.24 1.16 1.72




AR

« IEABBYIE. F1ELE, BEIARREPET R, KRERNR

,

. ﬁ@%ﬁﬁ 2 BmKRRE S RH, BAEREE~SRE

P, THERWHE,

- EE: j(IJJKEE{mFE'J/“M PR TR,
R &=,

315

. E%ﬁfﬁ%. E‘fﬁi’zﬂ%ﬂa ~ 500 MW ! & FEEKF]400

MWLUL T
— FEEHEFIH ~ 100-200 MW
- B D> EKR?
. USRS D> FILED
o LMKH > EKR?
— EEAT~50% IR DRI R E] ~70% ?
— RHFR I ZE

2016/8/7 Weihai High Energy School 2016

66



CEPC IR M 88111

" L 7050mm

Yoke/Muon

ﬁ 4400mm

lYoke/Muon l HCal QDo lLumiCaI IP Vertex
6657mm 4000mm 1300mm
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CEPC ¥R IS8 1& 1T

e Vertexing (h = bb cC,T°T)
— ~1/5 Myeampipes~1/30 pixel size (wrt LHC)

, =5 m 10 m/ psin”’

* Tracking (e'e” — Zh — ("0 X; incl. h — nothing)
— ~1/6 material, ~1/10 resolution (wrt LHC)

(1/p)=5-10"/6GeV or better

e Jet energy (Higgs self-coupling, W/Z separation)
— ~1/2 resolution (wrt LHC)

./ E=03/\|EGeV)

2016/8/7 Weihai High Energy School 2016

68



Baseline Design in PreCDR

ILD-like with some modifications
and considerations

L 7050mm

Yoke/Muon
- No push-and-pull = Less Yoke 4400mm
- Shorter L*=1.5m - Challenges for Machine- il
Detector-Interface (MDI) L 3380mm
. . <—— HCal
- No Power-pulsing = more power consumpti
& needs active cooling <— Ecal

—— 1810mm

- CEPC preCDR
http://cepc.ihep.ac.cn/preCDR/volume.html

<— TPC

329mm

<
I} Yoke/Muon HCal Qpo V‘LumiCal IP  Vertex
6657mm 4000mm 1300mm

* Short focal length L*=1.5m

* Final focusing magnets inside the detector,
redesign of QD0O/QF1, LumiCal, and reduce
forward silicon

tracker disk (FTD) to 5
=>» beam induced

001

Shielding

:  Silicon Tracker

wo yun

unit: cm 50 100 150 200 250 300 350 400



CEPC Vertex and

Tracker

=» CEPC detector design is driven by critical physics benchmarks.

e \ertexing

* Tracking

(h —=bb cC.T°1T)
= ~1/5 Tpeampiper~1/30 pixel size (wrt LHC)

o, =5um®10um/ psin* 6 v CEPC

(¢*¢” — Zh — (*("X; incl. h — nothing)
— ~1/6 material, ~¥1/10 resolution (wrt LHC)

Vertex detector specifications:
* 0gp near the IP: <3 um
- small pixels 16x16um?or below, digital
* material budget: < 0.15%X ,/layer
- low power circuits, air cooling
* pixel occupancy: <1 %
* radiation tolerance:
Total lonising Does <100 krad/year
Non-lonising Energy Loss <3x10%!n,,/(cm?year)
« first layer located at a radius: ~1.6 cm

= GEM+Micromegas hybrid

o(l/ p)=5x10"/GeV or better v CEPC
|
Ions
350;_ TPC c0s8=0.923 Cathode /
300,: . c0s6=0.969 Electrons: Orift (
250 — i
FD g 22 /=~
Oiffision "R
| .cost=0.991 Losses. 5
| cos6=0.996 ~40«y; ‘w4 % TN
Induction
‘ Field
5o 8000601200 |
Z [mm] - - o w Annre Tem Feedback =

IBF of GEM

detector to significantly
reduce TPC ion back flow



CEPC Electromagnetic Calorimeter

=>» Concept of Particle Flow Algorithm (PFA) based calorimeters with very
fine granularity, compare to ILC, it’s less demanding at CEPC.

=>» Re-optimization, exploring new design and active cooling, .

)
o om
S
. n

* Jet energy (Higgs self-coupling, W/Z separation)
— ~1/2 resolution (wrt LHC)

18F — 20 Layer £ ask

Resolution (%

less demanding

oz /E=03/\/E(GeV) at CEPC
af
2f
Alveolar 0:...[...I...I...I...I...I.,
structure 0 20 40 60 8 100 120
0 Fastening Electron Energy (GeV)
6‘} system
CAI-l<00:- | PFA Calorimeter EAY

Absorber:

digital | \‘
|
\

|

1
Micro 5 mm 45 mm
RPC ’ ‘ GEM limegas ,

’ mm

~~~~~~ . MPPC

ECAL.: Scintillator + W + Scintillator



= DHCAL based on gaseous detector (eg. RPC, THGEM).

CEPC Hadron Calorimeter

=>» Concept of Particle Flow Algorithm (PFA) based calorimeters with very fine
granularity, compare to ILC, it’s less demanding at CEPC.

> The HCAL consists of a cylindrical barrel system and
two endcaps with self-support & negligible dead zone

» Absorber: Stainless steel

» Active sensor: large area RPC or (Thick) GEM

Digital readout with cell size: 1x1 cm?

Resolution

-------- 1 threshold-40 layers

2cm-steel-3mm-drift wneun 1 threshold-50 layers

=3 thresholds-40 layers

resholds-50 layers

10 20 30 40 50 60 70 80
Energy(GeV)

,/
~
; > 9

Test beam of THGEM at IHEP, Beijing in Oct. 2015

Event_ID=152, T=21.68s

_ABEREY

S|l 7 a8

Event | Hit | Eft |

— L

[ \\——I [ —l/— ]

[ -\(- ] [ —i/ ]

[ —\\ ] l ]
\ /




Based on CEPC detector, a 3.5T
central field of superconducting
solenoid (similar to CMS design)
is required in a warm aperture
diameter of 6m and length of

8.05m.

CEPC Magnet

End-caps Barrel yoke

Solenoid
5-module coil (4 layers) Cryostat vacuum tank

v

IO Sy st A SRR l

6360 6020 4200 4100 3500 2250 o(1P) 3590

.............................................

Schematic view of the CEPC detector magnet cross section (Half of the magnet section)

Cryostat inner radius(mm) m Barrel yoke outer radius(mm) m
Cryostat outer radius(mm) 4250 Yoke overall length(mm) 13966
| Cryostatlength(mm)

: 8050 Barrel weight(t) 5775
Cold mass weight(t) 165 End cap weight(t) 6425

Barrel yoke inner radius(mm) 4400 Total yoke weight(t) 12200

The solenoid central field(T) | 3.5 |Nominal current(kA) 18575

Maximum field on conductor(T) 3.85 Total ampere-turns of solenoid(MAt) 23.925

Coil inner radius(mm) 3600 Inductance(H) 104
Coil outer radius(mm) 3900 Stored energy(GJ) 1.8

Coil length(mm) 7600 Stored energy per unit of cold mass(KJ/kg) 10.91




MDI layout and issues : single = local double ring

Beam background
Shielding design
Collimator design
SC magnet design
Beam pipe

Solenoid compensation

Lumical & fast lumi measurement &

feedback

i Silicon Tracker | JLumical
w1

Shielding

~—1000
o 800
600
400

200

-200

-400

Single ring MDI

400

xlé\

N

%

%

\
N

m
—
(=]

_ _c0s6=0.967

_ _c0s6=0.978

-y

Partial double ring MDI

- LumiCal Quadrupoles Pump

— Compensating Solenoid Anti Solenoid Mechanical Support

L 1 1 | 1 1 1 ‘ L 1 1 1 ‘ L 1 1 L ‘ 1 1 L L | 1 1 L 1 | Il L 1 1 ‘ L 1 1 1 ‘ 1 1 1 L

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Z [mm]
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Site selections (a few main candidates)

1)
WEAERONE {:ia ?_:t;’“;?/' ’ip‘:::niﬂ
"’“"7—' "y \);:\55 =’§}{‘\‘?
a:n-;m\y\.‘ ' ah"
2)
1) Qinhuangdao
2) Shanxi Province
3)

3) Near Shenzhen and Hongkong
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Communication & outreach
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Outreach & education
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CEPC-SPPC & #&4H4R



CEPC-SPPC Working Group

Established since September 2014

Steering Committee

Institutional Board Chair: Yifang WANG (IHEP)
Chair: Y. N. GAO (Tsinghua U) J. Gao, Y.N. GAO(Tsinghua U), Nu XU (CCNU), J.
Deputy: ). GAO (IHEP) SHAN (IHEP), H.J. YANG (SJTU), Q. QIN(IHEP), H.J.

HE(Tsinghua), Y.J. MAO(PKU), J. B. LIU(USTC),
W.R.CHOU(FNAL/IHEP),X.C.LOU(IHEP),...

Project Directors
X.C. LOU(IHEP)
N. XU(CCNU), Q. QIN(IHEP)

Theory Accelerator Detector

H.). HE(Tsinghua ) || Q. QIN( IHEP) Y.N.GAO(Tsinghua)
J.P.MA(ITP) J. GAO (IHEP) S. SHAN(IHEP)
X.G.HE(SJTU) JY. TANG(IHEP) [ | N.XU(CCNU)
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IHEP-CEPC-DR-2015-01

IHEP-EP-2015-01 IHEP-CEPC-DR-2015-01

IHEP-TH-2015-01

2015FH] e A & iR & -

R E AR IEEARIIEE ., VIR AE. B
SR A AT R 2 48 B 4 e

CEPC-SPPC CEPC-SPPC

Preliminary Conceptual Design Report Preliminary Conceptual Design Report

REP-AC-2015-01

Volume I - Physics & Detector Volume Il - Accelerator

http://cepc.ihep.ac.cn/preCDR/volume.html

The CEPC-SPPC Study Group
The CEPC-SPPC Study Group March 2015

2016/8/7 March 2015 rgy School 2016 87



Accelerator Review

* Review happened in Feb.14 - 16
e Chaired by K. Oide
* Members:

Katsunobu Oide KEK
Zhao Zhengtang SSRC
Ilan Ben—zvi BNL
John Seeman SLAC
Eugene Levichev BINP

CERN/U.
Mike Koratzinos Geneva
Bob Rimmer Jlab

Marica Biagini INFN
Ralph Assmann DESY
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Review Committee Report

The design work of CEPC has started just about a year ago. Tremendous effort has been
made to prepare the Preliminary Conceptual Design Report, which 1s now nearly ready, and
covers the entire project comprehensively. The Committee has been very impressed with
the progress during such a short period of time, as well as the work and presentations
shown, mostly done by the young generation, who are the ones that can devote their
carriers to this project through the coming decades.

The committee believes that the CEPC project and the required R&D will strengthen
China’s technological capacities in several areas, for example high-efficiency solid-state

amplifiers, high-temperature superconducting materials and superconducting RF technology.
Important spin-offs for industrial applications can be expected.

The committee appreciates the efforts to maximize the synergy with possible worldwide
collaborators for an eventual CEPC consortium. This approach is applauded and the
committee thinks that a strong international consortium can form around this approach,
involving the leading accelerator laboratories of the world.

frontier. The merit of this proposal is that the e+e- experiment starts as early as possible
and will run concurrently with the HiLumi LHC. The construction of CEPC will not

wait for the completion of the R&D for SPPC, relying on its progress during the CEPC
construction and running period.
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Response to the Charge Letter

The committee considers the CEPC-SPPC to be well aligned with the future of
China’s HEP program, and 1n fact the future of the global HEP program.

The design goals are well defined and comprehensive. We provided remarks and
recommendations to improve the design, but we definitely consider this design to be
credible and with sufficiently conservative assumptions.

The great majority of the accelerator physics issues are adequately addressed, and
after addressing our recommendations, we expect that all the accelerator physics
1ssues would be adequately addressed.

The designs of the technical systems and conventional facilities are effective for
achieving the performance goals.

We find the CEPC design compatible with the future upgrade to the SPPC.

Technical risks and their potential impact were presented together with mitigation
measures, while 1n some cases more study and R&D are needed.

The R&D program 1s clearly defined, and while we recommended a few additional
R&D items, the program 1s adequate. We further believe that this R&D program will
be highly beneficial to the science and technology infrastructure in China and will
contribute to its economy.

We made a few suggestions for improvements of the design.
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Detector Review

* Review happened in March 11 —-12
* Chaired by Hendrik J. (Harry) Weerts

e Members:

Marcel Demarteau ANL
Univ.

Young—Kee Kim Chicago
Indiana

Rick Van Kooten Univ.
Hendrik J. Weerts ANL
Phillippa Wells BINP
Tohoku
Hitoshi Yamamoto Univ.
Xiang Tan
Zheng Li Univ
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Report of
Review of CEPC-SppC Detector preCDR
Beijing, March 11-12, 2015

Introduction

A review of the CEPC-SPPC Preliminary Conceptual Design Report for a detector at the CEPC was held
at the Institute for High-Energy Physics in Beijing on March 11 and 12, 2015. The committee received
two separate documents prior to the meeting titled “CEPC-SppC, Preliminary Conceptual Design
Report: Physics and Detector”, one describing the physics goals and the physics performance of the
proposed detector and the other providing technical details of the detector subsystems. The review
was organized around a series of overview talks covering aspects of the experimental program, the

detartar and all ite citheavetame

Observations

The assembled, local team was well organized, young, focused and enthusiastic with excellent
leadership and vision. They made excellent, effective use of existing studies and the software
framework resulting in an impressive achievement, given the short time scale. They are also either
part of existing R&D collaborations (LCTPC) or associated with them (CALICE). Optimizing for the study
on Higgs final states in a limited center-of-mass energy region has helped focus the effort. The
proposed R&D program based on the current preCDR, resulting in a CDR in the next 5 years, followed

by a TDR which enables a construction start in 2021 seems challenging but feasible.



Review of Civil Construction and Utilities

R IES B FXH4EH (CEPC) TREMEBEARZRETIR
VSR ETFEERL

o E R B s e AR T 2015 42 3 A 5 DARREITARH (5) WMIBHEMEIH R, H—b g a5,
T “BBIES s 7Nl (CEPC) 8 KB RGEE LRV
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» The current design, including surface and
underground construction, electricity, water,
HVAC & firefight system as well as the
construction method & organization satisfy
all the requirements by IHEP at current stage

» The studied candidate site has no geological

[1]

. AHOKRIERI SRR BRI TR,
i, TR SRS, dmblREEW AN BEXR.
7S, il

(1) i HIPRAIT LA, SALPEELB RS T 05 issues and is suitable for this project
o) wasmmmsn, woetrsm. serasy, | » The level of details and the total budget
(3) MBS HAL, A IO TR estimate is adequate at this stage
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International Advisory Committee

Established since September 2015
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Current Status and the Plan

* Pre-CDR completed
— No show-stoppers
— Technical challenges identified = R&D issues
— Preliminary cost estimate

* Working towards CDR

— A working machine on paper
— Ready to be reviewed by government at any moment

 R&D issues identified and funding request underway
— Seed money from IHEP: 12 M RMB/3 years
— MOST: 36 M/5 yr approved, ~40 M to be asked next year
— NCDR: ~0.8 B RMB/5 yr, failed in a voting process
— CAS & CNSF: under discussion
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We choose to go to the moon. We choose to go to the moon

in this decade and do the other things, not because they are easy,
but because they are hard, because that goal will serve to organize
and measure the best of our energies and skills, because that
challenge is one that we are willing to accept, one we are unwilling
to postpone, and one which we intend to win, and the others, too.

J.F.Kennedy, 1961

% # CEPC- Sppcm:évr@%'eé%;z%s 24K,
AADLHEHR R, AABHTASE, BHEND K
AEFBIPRS RENGUELT R AFEL, BHEAN
MEALAENETLLEG, BHEANBEAZNLRY
Ry, BHENBEAZMNITER TG
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