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Enhancing sensitivities to long-lived particles with
high granularity calorimeters at the LHC

=1

P 5>
EBENT %

B

B -390 7 5

v KERRS 5% FCLHCP20204 i 4H
LEHTAE, HHIRE LS WThZET

Qinghong Cao 7



CEPCHE1E (ER) 1

E*ﬂ ’Ikll.a‘

FrYPEFEE. Higgs PEZBIIL. QCDEH e FIH A BB I I 5 H A
HE S RETHE

One-loop radiative corrections to e'e~ — Zh?/H°A° in
the Inert Higgs Doublet Model

HBHERT

An unambiguous test of positivity at lepton colliders

Jiayin Gu,! Lian-Tao Wang,>3 and Cen Zhang®®

1PRISMA" Cluster of Ezcellence, Institut fiir Physik,
Johannes Gutenberg-Universitdt, Staudingerweg 7, 55128 Mainz, Germany
2 Department of Physics and Enrico Fermi Institute, University of Chicago, Chicago, IL 60637, USA
9Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL 60637, USA
4 Institute for High Energy Physics, and School of Physical Sciences,
University of Chinese Academy of Sciences, Beijing 100049, China
?Center for High Energy Physics, Peking University, Beijing 100871, China

95%CL reach from e*e (u*p") - yy

100 © best reach muon collider 30TaV .

i REFT
< 10 é‘.&$ %
2 5
<

CHG 380gev
eV

C o
Z50GaV \LC 350(36\«‘

P :
05555 Tem

0.1 05 1 ‘ 5 10
s [Tev]

95% CL reach from e*e"(u* ") =» yyZyiZZ

1035 W CLIC1.5TeV light shade: individual fit (one operator at a time)
¢ I CLIC3TeV solid shade: global fit with positivity bounds
'l Muon collider 10 TeV
[ Muon collider 30 TeV

< : global fit without positivity bounds

PR |

1)

il

A[Tev] (cf®

0

okk

do/dcos(8)[b]

-1 -08-0.6-0.4-02 0 0.2 0.4 06 0.8 1

Hamza Abouabid!*, Abdesslam Arhrib!f, Rachid Benbrik?$,
Jaouad El Falaki®$ Bin Gong®® ¥ Wenhai Xie*? !l Qi-Shu Yan®9 *

Z
} .
. V
" -
h0~
G13
Vs=250GeV. -
Lo
SM NLO
BP1,2NLO
BP35NLO
BP4 NLO

cos(8)

Z
, ‘,.r"'\. .

R
C . RRKEEM &

Z
S 7

e v P
el /’W / 5.,
h(r hi ™ Hl
G10
. v )
7 Pz
FAY ":, ) ‘\f‘:ul > ‘{,uf'
V_ RO T ~
G15 G16 G17
45 10 — —
V5= 500 GeV vs=1 TeV .
40 . 9 .
o AR 57 '
530 ¥ ¥ § 6
S Z5
8 8
=2 Lo g4 o
o 15 SM NLO o 3 SM NLO
BP1,2NLO 2 BPF1,2 NLO
10 BP35NLO f BP3,5 NLO
5 BP4 NLO 0 BP4 NLO

-1 -08-06-0.4-02 0 0.2 04 0608 1

cos(B)

-1 -08-0.6-04-02 0 02 0.4 0.6 08 1

cos(8)

Qinghong Cao

8



ATLAS A [E|2H

W5 EEER ATLAS, CMS S8

> P clusters, 7ZREU, HESILHCEERZAKIHZPAE

> MBLI8ZHER

BAE200% A :

Bet14
A ANTRIREAF22
FAitRI3%
ARB3HE

514
BTBEA22%
1y N
BtrRE265

FH . TEMAMZEARA
RBET

T, 20208 F 1A, FESF5(I

B |[HEP-NJU-THU Cluster ( FEEATF-EA-EEHEH)

> Institute of High Energy Physics (7 8EFT)
%FH (TAA) . Joao Costa (44T A) . BRFABE. BEFE (KA - FIER (F
T RER BT L EBEE (5T L REW (B L ER GT) L E-8
(FT) . Big, BER. #i&. WE (51

» Nanjing Univers1ty (FR)
& (TA. AF)  5kE (FIEBIHED , BREL. 05, FAKE

» Tsinghua Universnty ()
Mg (5

B USTC-SDU-SJTU Cluster ( FIA-LUA-ZARKSH )

» University of Science and Technology of China  (£}X)
BEBE (L. A 8R (A BF)  #—. X4 (RE) - xgd (F
T) EEE (AT A L RER. XHE. RE4E (FT) . #MVEA. Rustem
Ospanov + Antonio Baroncelli. #F#H (FT) . & (F 1)

» Shandong University (LX)
k¥R, GER (FT) . BFE. B g GreEFFE¥E)
. B (FEHFEEE)

» Shanghai Jiao Tong University (_2#3ZKX) , T.D. Lee Institute (ZEFT)
BEE (5T . 2R (FP) B (51 . BT (F1) . 8488 G
FH EFT) . X GBIALIRD . e ET)




ATLASSERR 9 75 [alit R
ggf vBF VH ttH

Channel i Mass| CP |X-sec.|Width

Y * * * K * K *ok | ok | Kok | Kk
ZZ*(4l) * K % % ). © ¢ ). © ¢ *ok | hok | kok | kk
WW-(Ivlv) Y K Y Y Y K *x | Kk | kK&

T * k * * * * *

bb * K * K * K

Zy * k

pp * K * * * k
invisible * K * *

FRETE R K ATLASEHTI 4T
> PR
> PR
> iy

Rtk /BBy

* i E 2 oTEk v o A
SR gg st BT 58 BOAH ST 1 T3k
o H) U =k B

3R SUSY, Exotics




ATLASSEIG P33 R

]
]
— = | —]
H-yieSRENE
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\
ATLASPIANIEN o s @ s
Horn m = RPPABYCONF-2020-026,, st syet
ggF + bbH I|EH 1.02+0.11 (£0.08, + gg; )
VBF o4 134+ 0% (£0.18,% 072
/ \
WH = 233% 5% (£ o5 % o1o)
= &b
2 —— FRBIIT Jossx 08 (208 .2 5
\ /
tH + tH I—E?—I 092+ g5l (£ 0% % ooy )
\\\\‘\\\\‘\\\\‘ \\‘\\\\‘\\\\‘\\\\‘\\\\
-2 -1 0 1 2 3 4 5 6
o /oM
FEzZy R F- K Higgs FFT
> B ‘ " ATLAS ‘
(2 80— Vs =13 TeV, 139 fb™’
©® C All categories
=) 708 IN(1+S4a/Bgg) Weighted sum
s
60— -
N eo ~RLB 809 (2020) 135754
50—
[ —e— Data
[ — Sig+Bkg Fit
o aF
o E
= E
A

o g T HoZyER AR IR AT
© REEHTE T ok

TR FREINE FARS

VBF H—VVE KW

ATLAS - FeTotal Stat. [ Syst. | SM
Vs=13TeV,245-79.8 iy
m,, =125.09 GeV, |y | <25

P~ ®Bhys. Rev. D 101 (2020) 012002 T it Syst.
goF ,,gEH 1.04 +0.09(£007, Jgog)

+024 +0.18 +0.1E6

VBF fo——— 121 _pze (—ga7 . —gaa)
WH —H . — 130 g3 (Toar. lozr)
H e 105 *03e (£024, g13)
fEH+tH HEe=——— 121 ToE (s0a7, T30

06 0.8 1 12 14 16 1.8 2 22 24 26
Cross section normalized to SM value

«  VBF H—yy/WW/Z22%: 615 S UK 8T
6.5/5.3c
s EREITERRBEIH—y/EH F S ormk



Events / 2 GeV

Data - Bkg.

ATLASSCLEff 5]

CERNZEA4ES H BFF

—

X -

as

RATEAMMEIH-pp LR

R FRBBIFKRTRES

x10°
300 f_ ATLAS + Da‘a _f 1 T T T T 1 T T T T | T T T T I T ‘l T T | T T T T 1 T T T T 1 i— I:‘ “ E .
= {s=13TeV, 139" —Total pdf 3 ATLAS f5=137TeV, 130" H = o ATLASTE 5 o R & 1H A
205 H - pu — Signal pdf e Total Stat. I Syst. | SM Total Stat.  Syst.
C --- Bkg. pdf - 1 2_|_0 6 === ‘\2 0
o — 4TV, . US
200: . ] VH and ttH categories —=—1 50 =35 ( £33, £1.1) ’ {':' ﬁﬂ% Iéjj
150F- arXiv:2007.07830 E
E 1 | ggF O-jet categories —®—] 04 £16 (=15, 03) (Y 1.7s) 3 CMS N 3.0s
100F- =
- ] ggF 1-jet categories o 24 £12 ( £1.2, £03)
50 = (¥ HH2. 5s5)
- > agF 2-jet categories —@— 0.6 12 (=12, 203)
10007 ‘ N VE Ak 3
50018 VBF categories I‘—H 18 =10 ( £1.0, £0.2) ¢ Ll-l*\ %\’I’i (/ﬁ—[—‘) /ﬂEHjEE%
0
500 { Combined HH 12 206 (06, 57) (3 Tk
-1000 ; ‘ . : ‘ . : : Lo b b 1y P R R
110 115 120 125 130 135 140 145 150 155 160 —-10 -5 0 5 10 15 20

m,, [GeV]

Signal strength

VBF H(—bb)
CERN-EP-2020-195

Weighted Events / 10 GeV (Bkg.-subtracted)

VBF H(—bb)+y

arXiv:2010.13651

51 ATLAS
E is=13TeV, 13210
[ VBF H(— bb)+y

¢ Data
EdHyji (1, - 1.3)
fail

7 Bkg. Uncertainty

3F Weighted by Higgs Boson S/B

\

50

R L
ATLAS Preliminary ~ {s=13 TeV, 126 - 132 f5'
— Total — Stat.
Tot. ( Stat.  Syst.)
Proon | § s———e——a 13 5 (11§ 59)
Al Had. b 095°3%( BE 1B
Gomb voe s 0.99°938( *535 538
ool b e e e b b
1 2 3 4 5
HVBF:GVBFH )beGag‘FH »bb
N = - y N
e VBF H—bb¥ll &2 & xkiE 230
[ ]

|
100

|
150

|
200

250

my, [GeV]

i AEFTEE R B R EIVBE H(—bb) + vy IHEH £ S

TUHR

T T H, H(—bb)

[ s=13Tev, 133" I VH, Hobb (i, =0.72) 1

[ 0oz eptone i omoson 1,090 grXjv: 2007.02873

6
5
= 1large-R jets, 2 b-tags [ ] B-only 1 3
4f Py =250 0eV - arXiv:2008.02508
. ]
2

Weighted by S/B

& 5.3 sigma

Events / 10 GeV (Weighted, B-subtracted)

Loy v 0w by L by s by
60 80 100 120 140 160 180 200
m, [GeV]

o RBk. WK, &2 KFEVH(>bb)
P H T B TTER 12


https://arxiv.org/pdf/2007.07830.pdf
https://arxiv.org/pdf/2007.07830.pdf
https://arxiv.org/abs/2007.02873
https://arxiv.org/pdf/2008.02508.pdf

4.

ATLASSEIGTARIH R : FERETR FEA&NE

Analysis Integrated luminosity (fb!
ysis - g ty (fb™") ke or Ky ke or R
H — vy (including ttH, H — yy) 79.8 o . R
- =
H— ZZ*— 4¢ (including ttH, H— ZZ*— 4¢f) 79.8 ® o o~ 2 3, e, 2 -
H_)WW*_)ev”v 36'1 - LI UL “‘\“‘|“‘EHH‘ \‘\\‘HHH‘ T TTTTTT T \HHH‘ T \HHH‘ T
H— 11 36.1 2k + 53 P ke
VH,H — bb 36.1 BN
H — pu 79.8 m g 4%
1tH, H — bb and rtH multilepton 36.1 AN
Q o
b + § X
M"\ LI I T 1 1 T ] L I L ] LI l L I T 1T I T 17T I LI o ‘~ g q L‘
ATLAS —e— Total Stat. ESyst. | sm e I "l s 5
Vs=13TeV, 245 -79.8 fb" S \ NS
1, = 125,05 GeV, | <25 RD 101, 012002 (2020) b2 &%
=76% Total Stat. Syst s of TS y .
. ‘ el e 2 ATLLONF-2020-027
o i R
ggF HE= 1.04 +009(£0.07, "550) ) - | L X
3 = | .
+0.24 ,+0.18 +0.16 D c © o o
6.3(5.2)0‘ VBF *——Eﬂ 121 oz (L0417 —013) & St w, I % % % N
¥ X X B N i - I
WH Hieee— 120 00 (*0Z 028, & —— i .
41(37)0' S sl bbbl el il bk
zH | 105 *53 (x024, *01%)
fiH+tH = 121 10%8 (io47, 1050,
5.8(5.3)c e s ATLAS Preliminary = obs. 95% CL
1 (] L1 111 [ L R T | Ll | T | I | B A 1 === Exp. 95% CL
08 08 | 12 14 |ip 18 2 o5 54 5§ Vs =18TeV, 24513910 E3 Ot 95% CL (A~
: : mp = 125.09 GeV, |yn| <2.5 -+ Exp. 95% CL (H/A~T7)
Cross section normalized to SM value S . B Obs. 95% CL (H=-th)
o M, “>(X) scenario ——. Exp. 95% CL (H*—tb)

4 RS BB Au=1.13+0.09-0.08 (8%), LA HZE ) NN
BRI AR SRS E . ATL-CONF-20204053 |
P50, VBF 6o NN
Stic, MSSMEFMERISHHEAT T 58 4% 1 B ) t | ’
SRR ST, k. WORfEEETR el R

. . . . . . . -
200 400 600 800 1000 1200 1400 1600 1800 zb
my [GeV] 13

e

o

~-X



https://inspirehep.net/literature/1752936
https://cds.cern.ch/record/2725733?ln=en

ATLASSCIG #5313 R

1 —
L]

Di-Higgsi E F1ZFEHiggs BRI FHYF X%

- 5=

ATLAS

13 TeV, 27.5-36.1 fb”

—e— Observed

Expected

Expected = 1o

HH-— bbW'W

Combined + i
L 1]

Phys Lett. BHOO(

305

305

- .;yggF (pp = HH)=3351b Expected + 20 a
Obs, _Exp _ Exp stat
HH= bBr*r T 125 15 12
HH— bbbb [ u- l 12.9 21 18 j:
HH— bByy T 203 26 26
HH— WW'WW I 7 i { 160 120 77 |
HH— W'W'yy i

2020) 1352%93 :

10 10°

4

5

95% CL upper limit on o, (pp — HH) normalised to c::'F

%tdi-higgsBIBRAb RS HI Tl B2
EBEMHESHEETR, HS5
A HE A ERBANE

HA736.1 fbigh B XTdi-Higgs HERR
[¥]~10 SM di-HiggsHE b T =

FRERT AZRAE H T/ 3 E TR

95% CL limits on o_ . x B(H—> ZZ) [pb]

—_
o
TTT

r ATLAS

- Vs=13TeV, 139 1b™
L H-=>ZZ-TITI"I" +
E NWA, ggF production

p—y

—_
<
xuy_—..\

ERARHERDzZ

—— Observed CL limit

tan j3

----- Expected CL_ limit
vy 2 Expected « 10
[ ]Expected =2 0
----- Expected CL limit rrrr )-
~~~~~ Expected CL limit (I1'vv)

—_
<

N
T

—_
<
w

|
500

| |
1000 1500 2000
m, [GeV]

60 [

40 F
30 F

. Rev. Lett. 175, C

10

NN wWweo
T T T

March 2020

BEABHEZRr - EABINTRIRSH

.
o’
e

ATLAS Preliminary -
hMSSM, 95% CL limits

MEBERNEEWMS Z—,
W T HOZZ/ Tt > &

P AL
Bk (B R) fEH>72 +
S (FE) 7wk, K

1 4\ ) AR
200 300 400

— s EH> B 3 S ok
e DRI R N EZRHI(FHEWT
o 20 EFF Manalysis Conta(:la)?ﬁ

m, [GeV] HL PR A 4 54k, 202014


https://arxiv.org/abs/2009.14791

Events /0.1

Data / Pred.

ATLASSEISfARIHER : fnEREBEIRENTIK

VUTRS e A 2

LI L L B L L I T TT T T T

L ATLAS -+Dma -nn .
10°E (s =13 TeV, 139 fb™  [JttW mtz =
E SR WtH [1Q mis-id 3
[ Post-Fit Wl Mat. Conv. [@HF e a1
103 WLow m_, WHF m —
E [ Others [ttt 3

E P.] C 7ZUncertainty

15

0.57

8 -06 -04 -02 0 02 04 06 081
BDT score

B IR KI5 T i [
A RS (4.30). Y
S i FERUHE N 24+7(-6)fb,
%ﬁ@ﬁiﬁ?%ﬁﬁé
AZ KA H T orik

Events / 0.125

REB BT 2zZ805

22_I TT TTT T T TTT ‘ TTT | TTT | T 1T | TT | TTT | TTT

F 4 Data B ZZ(EW)
20 BN Zz(QCD) Mg9zZ E
B Cthers Zz Uncertainty

ATLAS Preliminary
Vs =13 TeV, 139 b
ECEL]f
Signal Region

i -0.8-06-04-02 0 02 04 06 08 1

BDT Qutput

arXiv:2004.10612

BIR Rz 6T 5t
B 4t i & (5.50)
submitted to Nature
Physics

BERAEH =T 0 r'iit ,
PN (R

VBS Zy #ist

_EE [ | T T T T | T T T T
¢ 900 ATLAS o Data
&1 800F Signal Region s E?té'w”cm nty
_ -1 o ZyQCD
1s=13TeV, 36.1fb -7 jes

Zyij, Z— e'e or uw tty
Y” o I Other backgrounds

—_

-

Data/Model
o . o

o

|
—_

BDT score

Phys. Lett. B 803 (2020) 135341

- IRBVBS ZyEi gt EE
ATLASSER I B IR B
HME 4. 1o (exp&obs)

o RREH EE vk

15
15



m(x}) [GeV]

m(x}) [GeV]

ATLASSCIG B

io d

53]

Staufl FEHE=4

T T 2x 1
ALtRL X

-1

FAEFERTRESUSYTH

tlipoduclln 11—’th / —»WI m(x) mllinSGeV m(,(z) mf«) 100 GeV ; m(ﬂ m(")
TTT T T

250~ ATLAS SR-combined
- Vs=13TeV, 139 b’
C o - Expected Limit (+10,,p)
200~ All limits at 95% CL
- / === Observed Limit (+1o5.>")
b PRD 101 (2020) 032009
B &/ e
100F :;
50
0:.1.'/ AT T T R Y o L
100 150 200 250 300 350 400 450
m(7) [GeV]
Gauginof FZ& HWhEZ
Sl
450__ ATLAS Y
E {s=13 TeV, 139 fb™", Al limits at 95% CL ;‘ <
4005_ - Expected Limit (+10,,;) r T b
3505_ s Observed Limit (+ 1cmr
aor. Bur. Phys: J. C 80,(2020) 691
250F g |
200F
150F ’:
100F !
50F '\
OT.I...I....I....I....I L

i ool SERMBIRRONION |\ 1,
200 300 400 500 600 700 800 900 1000

m(y, /%) [GeV]

1072 =

550

T

1

SUSYHRIFRIF %

I B T I 9 4 9T e stau
gaugino, squarkflgluinofi§

Stau coannihlationfi 28 25 H [ BE ) Jo & 1ot %% i 5
FHWNAE—2, stauki+ FHESUSY W 5T &

AR

g3 7 S BB A stawhl THERRFR

REEFTAE LA RAEUE B = STk, FORAE
stau%?ﬁf’ﬁ:ﬂi%;&ﬁ@i

"\ CA&{:(W P - :Wi
>“,x W~ PP N
e P s 7

’l X2 2
w

$%¥2€?€§SUSY%&

i1 QW = (M) - i) i) = 12

'_'1600_"'\"‘|\II‘|\|

B ATLAS

BRI, - t

T T T

- VYs=13 TeV, 139 10"
Al limits at 95% CL

WA I7)=100%

ORIV IR
—pp—)tt

---- Theoretical uncertainty |

C ATLAS Preliminary e
F Vs=13TeV, 199 fo” Allimits at 95% CL ™%

— Expected limit l3_?120[}- ! EMJ&MEW === ObsenveuLini e Lt i=* 0} 1]
= Observed limit E PRD 6 201712070 o
I Expected £ o 1000 ATLAS-CONF-2020- 047‘

Expected + 26
___SS/3Lobs.36fb"
T [arXivi1706.03731]

o

=1

=)
I

I L RS T
800 1000 1200 1400 1600 1800

P
600

650

700 750 800

"G

16



ATLASSCIETRZIHR : ¥R Exoticshi FHIS%

Z’—H(bb)+y

= 10%em T RN R =

= ATLAS' © ]

el " Vs=13TeV, 139 fb™’ ]

T 102 qi— Z'— Hy — Observed 95% CL

N E e Expected 95% CL J

@ i [ Expected £ 16 |

& 1ol ATLAS-CONF-DO2@:es320 |

O arXiv:2008.05928 ]

k=) L ]

© 1" .

107 E

- BEAT. XAES ;

1000 1500 2000 2500 3000 3500 4000
m,. [GeV]
X—VV—lep+thad

E 103§l|l|f|[|lllllf|flf|lll\If|[|f¥I‘I\I\IIVIV[VI\I E
= F ATLAS . —— Observed 95% CL 1
g 0 AU — Expected 95% CL -
% 10 DYZ-wWw [ Expected = 10 -
f}l E Expected = 20 E
g 1; —— HVT Model A, g =1 E
% 10k “* HVT Model B, g, =3 __
© g % arXiv:2004.14636 E
1072 =
10°F .
10—4 ;7 LLI j( j}: % —;
E E

R T 45'“5
m(Z') [TeV]

05 1

95% CL lower limits on mass

95% GL limits on o (pp — X — HH) [fb]

o(pp — Z') x B(Z' — ti) [pb]

X—HH—bbTtt
L B B B AN
- :TL:_ISW -+ Observed ]
: is _) 13 T( v h:g)e o Expected :
Al s=iv el ERY 1
10 g [ ]+20 E
i arXiv:2007.14811 .

107

10

BARET

1000

Z' > tt > boosted jets

L
2500 3000
m, [GeV]

N I R
1500 2000

0 T
F ———— Observed 95% CL upper limit ]
L e Expected 95% CL upper limit ]
= [ Expected 95% CL upper limit = 1o _
E Expected 95% CL upper limit « 20 3
C LO Z! ., tf {[/m=1.2%) cross-section x 1.3

r w NLOZy, -Hfl“lm 1%) cross-section
10‘1 E Ma, seseens NLO Z ., ti (I/m=3%) cross-section =
: "‘-«».._HEP 10 (2020) 61 :
102 E
10°= ATLAS -
F ls=13TeV, 139" ]
I T B WU P N T SR R
15 2 25 3 35 4 45 5 55 6

W, EREETR ™

Events / 2.5 GeV

Data-Bkg

DM Mono nggs toyy

=T —
[ ATLAS Prellmlnary LOW Emss BDT “th ]
1 - ¢ Daa —
C "g = 13 TeV, 139 fb ------- Non-resanant Bkg n
10 [ Fitted Signal T
C = SM Higgs + Non-resanant Bkg ]
- otal -
oF | ATLAS-(ONF-2020-054 =
6 ]
d: .
3 :
5 T T T
! IRV
Tt . T4 T R
| ! | L
s 120 0 760
m,, [GeV]

BA. REEFMES

iidtt, VV, HH, Hy, H& 3
IE R Z FHDM, W', Z
Zexoticshi T

za 7B A T oR S AH R 1Y
PR 1)
PEAME T EFEREE
DT HR

17


https://arxiv.org/abs/2007.14811
https://link.springer.com/article/10.1007/JHEP10(2020)061

RS mEER ATLAS, CMS SELS

CMSH [E 2H.

o TANIEREAL, CMSICERZ ABLHCMS A2 NE2. 2%
o WIASTLZERT, 202045341

B{iL RITAH #EitEAH FEAH EBEA¥ Authors
SREFR 19 5 15 39 15

JeX 5 4 21 30 12

Jefin 2 2 2 6 6
Bie/EPK 5 5 24 34 7
FLlKE 1 0 3 4 1

ALK E 3 0 3 1
EBEXE 2 2 1 5 2

IS8 37 18 69 124 44

Hrh, HHK220194E12H EXIMACMSEEA.,



CMSHIIBRTSE: A & FRIS EENE

o FRERAIEEANEIEEEE
o JERAREZIEE . (FEE ), KEAH
— VP LH
HR, E5 T —HOMR AR b v A
(0. 2fb) HIHR M
_.May200 CMS Preliminary :
2}‘}\ & 10 ;" 'E;:w Z Z Z CMS 95%CL limits at 7, 8 and 13 TeV
i S FOERESEE
S 100k .
AL L e ENSHEEMA AR
=8 10 S, e REeMRRHREA :E ; | '
£ S - : b
ﬁ % 1 - 7 s | ® fatg P+ EF_
E -§10_1 i “I ] T i ;;
n_10*2 5 a ;'6';19 Q "
F - als
102} b "
10—4i m ',\'

All results at: http://cern.ch/go/pNj7

T 1 T T 1 1 1 Ty o 1 1 T T T
W2 "Wy 2y WWWZ'Z2 s e ez 22 v 20 e BB e e Tew vl 'ty 1z 2ty o e gV v Wz i
i

W55 6+ B 7 SR b 1 e 22
TP A 2]
— arXiv:2008. 10521
VASTS s =16 IR Aok 25 RSN re 7 Wi B
fi 22 7K P-4 I 2]
— JHEP 06 (2020) 076
o 77T HUN A AR PR IR
ZEIE
— arXiv:2008.07013
 Inclusive Wy ™= 4= 8 [H F S 41
=
— CMS—PAS—-SMP-19-002

XL TAEAEEPS-HEP2019,
LHCP2020. ICHEP2020%:<siy F

TEN = R IR

CMS#TE A& A boson-boson collider hiding inside proton-proton collisions

19



CMSHIIEh

3: HAYEE FREBSERE
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arXiv:2009. 09429, submitted to PLB

® % @ Recording

Motivation

+ production of longitudinally polarized gauge bosons via vector boson scattering i " e =
is tightly linked to the mechanism of EW symmetry breaking '

+ modifications of the production cross sections are expected in BSM models, W

Production of polarized WW pairs swp2000s [T

e.g., in scenarios involving additional Higgs bosons

+ the precise measurement of the cross section is a long-term goal of the LHC

program

First measurement of production cross section of

polarised W=W= pairs in pp collisions

simultaneous measurement of W W &W;W,, or W W, &W;W; production

+ EW production with at least one W

proton

proton

measured with 2,30 (3.10) obs (exp)
* Upper limits (95% CL) for W W production
at 1.17fb (0.88fb) obs (exp)

Process ¢ B (fh) Theoretical prediction (fb)

WiWE 032705 044 £0.05

WiWs 3.06t0e 3134035

T 048 . "

WiWg 1201028 163 £0.18 A
wiWg 21148 194 £0.21 2:

fiducial cross secfions LH scan of the W, W,
in the WW frame Gross section

highlightiZ T{E

a0 W \155= A Roberto
CarlinZBIREEIR =8
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Confirmation of CEPC Performance with Errors

CEPC CDR Parameters

Higes | W | zen [ zen
Number of IPs 2
Beam energy (GeV) 120 | 30 I 455
Circumference (km) 100
Synchrotron radiation loss/tum (GeV) 173 [ 034 I 0.036
Crossing angle at IP (mrad) 16.5X2
Piwinski angle 2.58 7.0 238
Number of particles/munch &, (101%) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68ps) 1524 (0.21ps) 12000 (25ns+10%gap)
Beam current (mA) 17.4 879 461.0
Synchrotron radiation power /beam (MW) 30 30 165
Bending radius (km) 10.7
Momentum compact (10-%) 111
B function at IP £ */ £* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance £/z, (nm) 1.21/0.0031 0.34/0.0016 0.13/0.004 0.18/0.0016
Beam size at IP g /o, (um) 20.5/0.068 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
RF voltage Fr (GV) 217 047 0.10
RF frequency f g (MHz) (harmonic) 650 (216816)
Natural bunch length o (mm) 2.72 298 2.42
Bunch length ¢ (mm) 3.26 5.9 8.5
Natural energy spread (%) 0.1 0.066 0.038
Energy acceptance requirement (%) 133 0.4 0.23
Energy acceptance by RF (%) 2.06 147 1.7
Photon number due to beamstrahlung 0.1 0.05 0.023
Lifetime _simulation (min) 100
Lifetime (hour) 0.67 14 4.0 I 2.1
F (hour glass) 0.89 094 0.99
Luminosity/IP L (10%cm?s Y 2.93 10.1 16.6 ] 321

30

—8_()2 -0.015-0.01-0.005 0

CEPC CDR Lattice DA with Errors

Achieved DA (with errors)@ Higgs: 100x/210y/0.00 (on momentum), 20x/90y/0.0135 (off momentum)
Design DA goal (with errors)@Higgs: 80x/150y/0.00 (on momentum), 10x/10y/0.0135 (off momentum)

Component Ax (mm) | Ay (mm) | A6, (mrad) | Field error
Dipole 0.10 0.10 0.1 0.01%
Arc Quadrupole 0.10 0.10 0.1 0.02%
IR Quadrupole 0.05 0.05 0.05

Sextupole 0.10 0.10 0.1

7

delta

0.005 0.01 0.015 0.02

CDR lattice design
with errors reached
the DA design goal

0P

TEFY

delta
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CEPC High Luminosity Parameter after CDR

Higgs (high_Ium.) Z (high_lum.)
Number of IPs 2 2
Beam energy (GeV) 120 455 ! ! ! FAE
Circumference (kam) 100 100 I 4
Swynchrotron radiation loss/turn (GeV) 18 0.036 ! )-F
Crossing angle at IP (mrad) 16.5 16.5 H‘J‘ d
Piwinski angle 487 18.0 A AR TE
Number of particles/bunch N, (10'%) 163 16.1 o E
Bunch number (bunch spacing) 214 (0.7us) 10870 (27ns) % ‘ r
Beam current (mA) 168 841.0 ! 1
Swynchrotron radiation power /beam (MW) 30 30 e TEeRe Temee o mesew
Bending radius (kam) 102 10.7
Momentum compact (10-%) 7.34 223
p function atIP £*/ A* (m) 0.33/0.001 0.15/0.001
Emittance /e, (nm) 0.68/0.0014 0.52/0.0016 Goal (w/ error): 8o, X 150, X 1.7%
Beam size at IP g,/ (Lm) 15.0/0.037 8.8/0.04
Beam-beam parameters £/ 0.018/0.115 0.0048/0.129 Achieved (w/o errar): 16g, x 320'), * 1.9%
EF voltage V- (GV) 227 0.13
RF frequency fzr (MHz) 650 650 140
Natural bunch length ¢ (mm) 225 2.93 ) Ez
Bunch length g, (mm) 442 9.6 g an
Energy spread (%) 0.19 0.12 “, 50
Energy acceptance requirement (%) 1.7 14 a0
Energy acceptance by BF (%) 25 1.5 20
Beamstruhlung lifetime /quantum lifeime (min) 41 0
Lifetime (hour) 035 18
Luminosity/TP L (10*cm2s1) 5.0 101.1

* High luminosity Z's laftice is same as Hi

CDR lattice. but high luminosity

Higgs has a new lattice than that of CDR

o5
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[N 650 MHz 2-cetl cavity 650 MHz Lcell cavity | €| 650 MHz 5-call caviity

[B| Booster 1.3 GHz 9-cell

Stage 1: H/W/Z and H/W upgrade

Outer Ring
el
~ 1 — - - N
Inner Ring ’/’_,,-—:"*i“k_i AN
HLZ Vodo
Outer Ring

- / =
InnerRing , — = \
— —

New RF Staging & By-pass Scheme for CEPC

Stage 1 (H/W run for 8 years): Keep CDR RF layout for H(HL-H)/W
and 50 MW upgrade. Common cavities for H. Separate cavities for W/Z.
Z initial operation for energy -calibration and could reach CDR
luminosity. Minimize phase 1 cost and hold Higgs priority.

Stage 2 (HL-Z upgrade): Move Higgs cavities to center and add high
current Z cavities. By-pass low current H cavities. International
sharing (modules and RF sources): Collider + 130 MV 650 MHz high
current cryomodules.

Stage 3 (ttbar upgrade): add ttbar Collider and Booster cavities.
International sharing (modules and RF sources): Collider + 7 GV 650
MHz 5-cell cavity. Booster + 6 GV 1.3 GHz 9-cell cavity. Both low
current, high gradient and high Q, Nb;Sn etc. 4.2 K?

Unleash full potential of CEPC with flexible operation. Seamless
mode switching with unrestricted performance at each energy until
AC power limit. Stepwise cost, technology and international
involvement with low risk.
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e

— SMEFT
e Zgamma differential measurements (H.
He, etc)
— Higgs Y3
* Higgs -> invisible (Y. Tan, etc, CPC)

* Higgs -> bb, cc, gg with IIH channel (Y.

Bai, etc, CPC)
e Higgs -> tautau (D. Yu, etc, EPJC)
— EW

* W mass measurement (P.Shen, etc, EPJC)

— Flavor
* Bc->tauv (T. Zhen, etc, CPC)

R EWPTSSE R R R AT 1 LT &

FIEUSIASE BV EE TAEH . Snowmass LolZE0fF 71

AP &

CEPCHIFERT 5T 1B\ {Precision Higgs Physics at CEPC)

W ESAAH E e “ 20204 A 5
Chinese Physics C, Vol. 43, NO. 4 (2019), 043002

M 1 32

F551HT S5 Higgs¥ B Z MY R
chalred by Yifang Wang (&8€#), Xinmin Zhang

rom 09:00 to 19:05 (Asia/Shanghai)
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CEPC Software

* The CEPC software (CEPCSW)

encompasses core software and CEPC applications
for simulation, reconstruction and analysis which
were built on the top of external libraries

is fully integrated with the Key4hep, a turnkey

software stack developed for the future
experiments i.e. CEPC, FCC, ClIC and ILC etc.

* Core software

Gaudi was employed as the underlying framework
which defines interfaces to all software
components and controls their execution.

FWCore was used to manage event data objects
defined by EDM4hep. Both FWCore and EDM4hep
are Key4hep packages.

DD4hep-based geometry service was
implemented to provide a unified way to access
detector geometry data.

e
—h
o
=
==
T
Af
FEr
S5
:p

x
h.[,
=

Generator
CEPC
Simulation Applications
Reconstruction Analysis
GeomSvc FWCore EDM4hep

Gaudi framework

Core Software

LCIO PODIO DD4hep
ROOT Geant4 CLHEP
Boost Python Cmake

External Libraries & Tools

Ry T oK, CEPCIE’MFD*‘%ﬁﬂWf&
BIJCEPCERFHEZR 1 & FE o
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CEPC Site Selection Status

5

Three companies are working
siting and issues /

eening

febeik

Shemd .
S‘hand@mg

S Nengsu

2019.12A8-11 and 2020.1.8-10
Chuangchun sitings update

R7ge. oo

‘H;, 2019.12.16-17 Huzhou siting update

= 2019. 08. 19-20 Changsha siting update

1) Qinhuangdao, Hebei Province (Completed in 2014) .
2) Huangling, Shanxi Province (Completed in 2017) The I'Ed COIOr sites are more

3) Shenshan, Guangdong Province(Completed in 2016) focused Wlth st rong IOcaI
4) Huzhou, Zhejiang Province (Started in March 2018)

5) Chuangchun, Jilin Province (Started in May 2018) govern ment su pport
6) Changsha, Hunan Province (Started in Dec. 2018)
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CIPC and CEPC Promotion Fund

Established in Nov. 7 , 2017 2020.1.2 2020.6.5

Task forces for CEPC and SppC R&D: Institutions such as ) L
Hefei Keye and Beijing Puda

IHEP +CIPC (>70 companies) Fujian Digital Valey on e _

Now: information signed CEPC Ditai lCompany S|gned. CEP.C
—Huanghe Company, Huadong Engineering Cooperation Propmotion Fund Propmotion Fund Contribution
Company, and Zhongnan Company on CEPC civil Contribution with IHEP with |HEP

engineering design, site selection,

imp lementation. .

—Shenyang Huiyu Company on CEPC MDIRVC design
—Keye Compant on CEPC magntes desgins and SC
Quadupole, DR cavity, detector hall...

—. Wuhan University:Alignmnent,

—Kuanshan Guoli on CEPC 650MHz high efficiency
klystron

—Huadong Engineering Cooperation Company, on 2019. 12. 25-26 Nanchong
. . ’ ’

CEPC alignement and installation logistics... . . . ) -
Beijing Pudaditai company: on Alignment and Sichuan Jiutian Vacuum 2019.1218-19 visit Keye Company

instatation company
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CEPC ZHZ3- \ R 22 3]

Current (temporary) CEPC Organization

Only for Chinese

Dcobar Institutional Board
Y.N. GAO S Steering Committee . IAC
L J. GAO Y.F. WANG (IHEP)..... Young-Kee Kim, ....
Thank you to those

who have served

Welcome Haijun,
Jianbei, Chenghui,
and YuHui

FRM AT CEPCAH R I N A 5] 33

Project Director tasks:
XCLOU Intl Relation—) GAO
HJ Yang (deputy, PR-YN GAO
8l SPJTtJ) Conf. — J.Shan
— I - TDR - XC Lou et al.
Accelerator l

J. GAO(IHEP)
JY Tang(SPPC, THEP)

CXYU (IHEP)
YH Li (IHEP)

Detector
JoaoCosta(1HE

JB Liu (USTC]
JC Wang(IHE
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arXiv.org > physics > arXiv:1901.03169

CERN-ESU-004
Help | Adveacec o 1 October 2019
Physics > Accelerator Physics
The CEPC input for the Euroflean Strategy for Particle Physics - Physics Briefing Book
elerator Inpus for the European Strategy for Particle Physics Update 2020

The CEPC Accelerator Study Croup
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CEPC submissions to Showmass21

CEPC Input to the ESPP 2018 Techno|ogies
LOI - i
Accelerator CEPC -Accelerator Technologies to Snowmass2021 AF7
CEPC Acceler ator Study Group CEPC Accelerator Study Group Collider DeSign
Executive summary Executive Summary SCRF
The discovery of the Higgs boson at CERN’s Large Hadron Collider (LHC) in July The discovery of the Higgs boson at CERN’s Large Hadron Collider (LHC) in July Klyst ron

2012 raised new opportunities for a large-scale accelerator. Due to the low mass of the
Higgs, it is possible to produce it in the relatively clean environment of a circular
electron—positron collider with reasonable luminosity, technology, cost and power consumption.

2012 raised new opportunities for a large-scale accelerator. Due to the low mass of the Li nac+p|asma

Higgs, it is possible to produce it in the relatively clean environment of a circular ..
accelerator |njector

The Higgs boson is a crucial cornerstone of the Standard Model (SM). It s at the center of some electron—positron collider with reasonable luminosity, technology, cost and power consumption.

of its biggest mysteries, such as the large hierarchy between the weak scale and the Planck scale, The Higgs boson is a crucial cornerstone of the Standard Model (SM). It is at the center of some Cost
the nature of the electroweak phase transition, and many other related questions. Precise of its biggest mysteries, such as the large hierarchy between the weak scale and the Planck scale,
measurements of the properties of the Higgs boson serve as excellent tests of the underlying the nature of the electroweak phase transition, and many other related questions. Precise

fundamental physics principles of the SM, and they are instrumental in explorations beyond the
SM. In September 2012, Chinese scientists proposed a 240 GeV Circular Electron Positron
Collider (CEPC), serving two large detectors for Higgs studies. The tunnel for such a machine

measurements of the properties of the Higgs boson serve as excellent tests of the underlying
fundamental physics principles of the SM, and they are instrumental in explorations beyond the

could also host a Super Proton Proton Collider (SPPC) to reach energies beyond the LHC. SM. In September 2012, Chinese scientists proposed a 240 GeV Circular Electron Positron
The CEPC is a large international scientific project initiated and hosted by China. It Collider (CEPC), serving two large detectors for Higgs studies. The tunnel for such a machine
was presented for the first time to the international community at the ICFA Workshop could also host a Super Proton Proton Collider (SPPC) to reach energies beyond the LHC.

“Accelerators for a Higgs Factory: Linear vs. Circular” (HF2012) in November 2012 at Fermilab. The CEPC Preliminary Conceptual Design Report (Pre-CDR, the White Report)[1]was published
A Preliminary Conceptual Design Report (Pre-CDR, the White Report)[1jwas published in March in March 2015, followed by a Progress Report (the Yellow Report)[2] in April 2017, where CEPC
2015, followed by a Progress Report (the Yellow Report)[2] in April 2017, where CEPC i X K

accelerator baseline choice was made. The Conceptual Design Report (CEPC Accelerator CDR, accelerator baseline choice was made. The Conceptual Design Report (CEPC Accelerator CDR,
the Blue Report) [3]has been completed in July 2018 by hundreds of scientists and engineers after the Blue Report) [3] has been publically realsed in Nov. 2018, and also submitted to European
international review from June 28-30, 2018 and formally released on Sept 2, 2018. High Energy Strategy in May, 2019 [4].

Including SppC and siting
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IAS HEP Conferencelan. 20-23, 2020 (Since 2015) Mini-workshop: Accelerator - Machine Detector
Interface (MDI) for Future Colliders

Dates: Jan 16-17, 2020
T | |DS

%
p \._,( L B) b
g
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For 2021, HKIAS mini workshop on plasma accelerator physics an technologies
Jan. 14-15, 2021) and HKIAS HEP conference (Jan. 18-21, 2021) will take place online.

» First international workshop on CEPC in Europe — Rome May, 2018

. E %?2020355)% %E/ﬂg‘ E}, %jﬁﬁt > Second CEPC workshop (EU) in Oxford, UK, April 15-17, 2019
e AN PN ‘}-l_,\glg » Third planned for Marseille, France, May 4-6, 2020
E,(J% —‘{ACE PCIXA/)H =~ }X & rﬁ Jllﬁ@ © postponed to 2021 due to the COVID-19 pandemic
» First US workshop at UChicago, September 16-18, 2019
» Second US workshop April, 2020 (online)

) %@% Jéi'zj% —F *H gl—% {E;E(J ﬁZﬁ ’ EEJjJ Catholic University in Washington DC, USA
E ¥ 3E4T T 20204F-CEPCE Brif
N v MzL » HongK IAS HEP P , 2019, 2020, ...
lﬂ‘A o YE%A;QJEZI'OOA o > Zglnggczgi Internatiorn(;?::r:rkshop at IHEP (~360)
> Fifth CEPC IAC meeting (Nov. 21-22, 2019), 6" Oct. 29-30,2020
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CEPC-SppC International Collaboration

Mini-workshop: Accelerator

IAS HEP Conferencelan. - Machine Detector
20-23, 2020 (Since 2015) Interface (MDI) for Future

Colliders
OEEEE IS China-CERN HL-LHC CCT Project

High Energy Physics

High Energy Physics

China will provide 12+1 units CCT superconducting magnets for the HL-LHC project
January 6-24, 2020 January 6-24, 2020

After more than 1 month test and training at 4.2K, both apertures reached the
Mini-Workshop: Accelerator - Machine Detector Interface for Future Colliders (Jan 16-17, 2020) design current and ultimate current, and the field quamy is within the limit.

41K —_
800 Ap: 1. quenchr
00 Ap. 1, reached
Ap. 2.quench
Ap. 2 reached
Ukimate curvest
0 o T
s’ 7
200
0
70 50 % 100 110 120 130
Testat DP Quench number

The 1+ prototype CCT magnethas been sent to CERN. A good start for the
12 units series production. 18

For 2021, HKIAS mini workshop on plasma accelerator physics an technologies Jan.
14-15, 2021) and HKIAS HEP conference
(Jan. 18-21, 2021) will take place online.
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CEPC Linac Injector (CDR)

CH

CEPCNIR &S T4

CEPC Injector Scheme Comparison

CEPC 20-GeV Linac Injector Alternative Scheme

EBTL

- P ——— Alternative design
- P A 4 440 | d0eq004444444
Parameter Symbol Unit Baseline Design reached 060000 0000000000000 000 0 0 0 00 O O 0 0 ,
¢ /e~ beam energy EJE. | GeV 10 10 o ‘F“\ = e
Repetition rate = Hz 100 100 i - ‘ o
- NN >9.4%10° 19X100 / 19X 1010 B e S
¢ /e~ bunch population v + o158 3 Electron Sakenoid 4 GeV|
Energy spread (¢ /™ ) o, <2X107 15%10° / 1.6X10° e Ut dcca e 2103) Ky, 84 Accel, Stru 3Klys. 6 Accel. Stru, 19(3) Klys. 76 Accel, Stru. 114(12) Kys. 228 Accel. Stru,
Emittance (e /e*) & nm- rad <120 5 /40-120 ST ESBS FAS PSPAS SAS TAS
Bunch length (e /e* ) 9 mm 1/1
boam cacegy on Targes Sev | 4 [ S-band Accelerating structure C-band Accelerating structure
¢ bunch charge on Target nC 10 10
. .| Alternativ
- ~ e /et beam energy |[WN/JNRNERY 10 20
Frequency MHz 2860 5720
Repetition rate Jow Hz 100 100 i\ y
Length m 3.1 1.8
Bunches/pulse 1 1 :
e Cavity mode 213 3m/4
e /et bunch
o Ne/Ne+t nC >=15@3) =15(@3)
popuiation Aperture diameter [l 20~24 11.8~16
Energy spread (e /et og <2X103  <2X103
Emittance (e /e") & om 40 20 Gradient MV/m 21 45

CEPC booster iron core magnets

If S+C Band injector is used, the iron core dipole magnet in booster
can be used with lower cost compared with S-band injector

41



CEPCNIR &S T4

CEPC Plasma Injector Scheme and Experiments

CEPC Plasma Injector Experimental Platform
H H Facilities: Shanghai S-XFEL facility for electron acceleration and FACETII at SLAC for positron
CEPC Plasma Injector Design | gnat lity for elec _ " post |
» Plasma experimental station: preliminary set up on Shanghai Soft XFEL facility

el Vacuum system: installation & testing
Driven H
beam &_ ey 10Gev 45GeV 5 * Lignt pa_th '

N Fl,\l - PWFA1 b 2 o Beam diagnostic system
Witness " 8
bomm ::>'_ = PWFAl  —
o T-argel 04 Gev p11.2nC, 2.4 Ge}

p1asGev
- LHy HH ]
beam [l
1.0 GeV e

el/e3 Before e3After el2/ed Before  ed After

pl Before pl After Booster

PWEFA-L PWFA- PWFA-I PWFA-I  PWFAII  PWFA-I| Requirement
Energy (GeV) 10/10 45.5 10/10 455 2.4 45.5 455
Bunch Charge (nC) 5.8/0.84 1 15/4.5 >3 1.2 1 0.78
Bunch length (ps) 2/0257 <1 3/0.7 <1 0.07 <1 <10
Energy Spread ~10.2% ~1% ~/0.2% 1% 0.2% ~1% 0.2%
Enorma (pm  rad) <20%/<100 ~100 <50%/<100 ~100 <50 ~100 <800
Bunch Size (um)  3.87/8.65 <20 30/20 <20 20 <20 <2000

The plasma accelerator performance has been checked with the N ) ) o
Beam test room main room
real linac beam quality, and it aimost reached the design goal

Laser compressor
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CEPC MDI Optimized Design

CEPC CDR MDI updated Design: Beam Pipe and Vacuum Chamber-2

Vacuum Y-shape Cryostat
Connection Chamber Chamber
> % > 4
CEPC CDR MDI updated Design: Beam Pipe and Vacuum Chamber-1 Paraffin cooling Water cooling ~ No forced cooling  Water cooling
Be Al RF Cu In coming beam
* Most important update: Il _ bellows ! PR
asymmetric up & down g g §| a
stream beampipe apertures = —r————— ] B s - Out coming beam
Feasibility confirmed by 120 P | .
accelerator physics and mechanics 205 g
design | P
Guaranteed: no SR power 855
deposition between +0.855 m 700
Power Deposition Average Power Density 780
0.855m~1.11m 36.53W 39.79 W/em? 805855
1.11m~2.2m 224W 0.57 W/em?
1110
QDO 434 W 0.6 W/em?
DO-QF1 48.04 W 58.02 W/em? : : - .
po-Q o Asymmetric design Remaining issue:
QF1 456 W 0.86 W/em? t rent d. t N o
0 prevent direc difficult to dissipate

the heat around the
RF finger

hitting of synchrotron
radiation photons
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CEPC 650MHz 2cell and 1.3 GHz 9-cell Cavities reached Design Goals

1.0E+11

a e oo o 0 0 © 0 0 0 0 ton

*
CEPCEE M 5 bx

1.0E+10

1.0E+09

0 5 10 15 20 25 30
Eacc (MV/m)

75 H b5 b B RSEPLT 1.3 GHz 9-cel 8 S X 1K)
FRBATE, ENERET
3.4E10@26.5MV/m, #8id T CEPCIYIESE:

1,3GHz9-celli#B 5 & I M F5 45
(3E10@24MV/m) .

Booster 1.3GHz 9 cell cavity

1.0E+11

L AR X R T ¥ I |
...-.....
L |

*t e . by

‘ GEPCSpec |
) / ‘o,* Y
Multipacting | 0’ [4

*
+

*
*
20 @ After N-infusion 0‘
At 2.0k + Before N-infusion

1.0E+10

0.00 5.00 10.00 15.00 20.00 25.00 30.00
Eacc (MV/m)

Collider ring 650Mhz 2 cell cavity

650 MHz 2-celilB S LT BRE, BENLERE
6.0E10@22MV/m,

#Eit T CEPCHIZENF84r (4E10@22MV/m) .
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IHEP New SC Lab PAPS under Construction (Status in 2020)

Facility: CEPC SCRF test facility (lab) is located in IHEP Huairong Area of 4500m~2

e ~—r

CEPC 2*2cell 650MHz cryomodule
with beam test later

Nb3Sn furnace

Vacuum furnace (doping & annealing)

S B

Crygenic system hall in Jan. 16, 2020 e e s byone S it St Vertcalest dewars Horizortal test cryostat
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CEPC 650MHz High Efficiency Klystron Development

Facility: CEPC high power and high efficincy test facility (lab) is located in IHEP

Established “High efficiency klystron collaboration consortium” , including IHEP &
IE(Institute of Electronic) of CAS, and Kunshan Guoli Science and Tech.

- 2016 —2018: Design conventional & high efficiency klystron Parameters Cc;?r\i/gir;tr:znal eff|i_(|:li2:c
— 2017 -2018: Fabricate conventional klystron & test y y
- 2018 -2019 : Fabricate 1% high efficiency klystron & test Centre frequency (MHz) 650+/-0.5 650+/-0.5
- 2020 - 2021 : Fabricate 2" high efficiency klystron & test
- 2021 - 2022 : Fabricate 39 high efficiency klystron & test Output power (kW) 800 800
Beam voltage (kV) 80
Beam current (A) 16 -
Efficiency (%) ~ 65 > 80

On March 10, 2020, the first CEPC650Mhz klystron
output power has reached pulsed power of 800kW
(400kW CW due to test load limitation), efficiency 62%
and band width>+-0.5Mhz.

1st Klystron of 62% efficiency 3rd Klystron of 80% efficiency

fabricated

2nd Klystron of 77% efficiency
800kW Load = 5

i\
i

46



CEPCHNIE &S TRAA

CEPC Collider Ring and Booster Magnets and Vacuum Systems

CEPC Collider Ring dual Aperture Dipole,
Quadrupole and Sextupole Magnet Design Progress

1

CEPC Collider Ring Quadropole and Sextupole Designs

Dual aperture quadrupol

* Further physical optimization of the sextupole
magnet.

— Wedge-shaped magnetic poles are used to reduce magnetic pole

First dual aperture dipole saturation and improve excitation efficiency

test magnet of 1m long
has been fnished in Nov,
2019

— Further optimization to the position of the lead block and the
arrangement of coil wires to reserve space for magnet assembly.

First dual aperture quadrupole magnet has been

fnished in Nov, 2019 * Mechanical design is in progress.

The mechanical design of a full size

Field harmonics

CEPC collider ring dual aperture

dipole of 5.7m long has been n B.L/BsL
designed and be fabricated at the end 3 10000
of 2021. 9 1.0
[ | Dipsie | Qud_| Sext | Corracior | Totl | 15 | -05
Dual aperture 2384 239 - > 21 -0.1
Smgleaperture  $0°2+2  480%2+172 9322 2904%2 @
Total length [km] 715 59 10 25 80.8 L
Power [MW] 7.0 202 46 22 34 Key R&D item
B t Hiah P . . L Field Di le M t Facility: CEPC vaccum test facility (lab)
ooster g recision Low e Ipole agnets CEPC Vacuum SYStem R&D is located in IHEP Dongguan CSNS

Two kinds of the dinole maanet with diluted iron cores and without iron core (CT) are proposed and designed , .
NEG coating! The vacuum pressure is

suppresses electron ‘ better than 2 x 10-10 Torr Positron ring
multipacting and ¢ Total leakage rate is less

beam-induced| than2x10-10 torrl/s. = = T
pressure rises, as
well as provides
extra linear pumping.
Direct Current
Magnetron
Sputtering systems
for NEG coating was
chosen.

Two 6m long
vacuum
chambers

both for copper
and aluminum

1m long CT test booster
dipole magnet without iron
core completed in Oct.
2019, and the test result
shows that CT design
reached the design goal.

Copper vacuum chamber
(Drawing) elliptic 75x56,
thickness 3, length 6000)

Masimom field (Gs) |

The first 1m long test : /
booster dipole magnet %

with iron core, completed Sl TR

- N . ield reproducibitic | 5% 18 -

s N in Nov. 2019, and not yet - - L i g ; 1

we - e reached design goal, et | ¢4

e improvement is under Afull scale CT dipole magnet of 5.1m long is under design, a——, - ‘;
way =

and fabrication will be completed at the end of 2021
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CEPC Injector Linac, Seperator and MDI Vacuum Chamber

CEPC Linac and damping ring key technology R&D

CEPC Electrostatic-Magnetic Deflector | Facility: CEPC injection linac test facility (lab) is located in IHEP
. . . N Py . . = - FUISE COIMMPressor:
The Electros.tat.lc-Magnetlc Deflector is a device consisting of perpendicular electric ) Spherical cavity pulse
and magnetic fields. under fabrication Accelerating structure

compressor has devoloped
The TEyzmode is selected
and the RF design is finished.

* The structure is 3 meters long with

One set of Electrostatic-Magnetic Deflectors including 8 units, total 32 units will be constant gradient design which work

need for CEPC. = = . = = mode is 21/3 Port2 e The Q value is about 140000
-ﬂ " * The hlgh power test has finished and the - The Maximum Energy
Hectosatic| 20MVim | 4m S6mm X 1mm  5X 104 o gradiet is up to 33 MV/m okt 1 Multiplication Factor M=1.84.

Simulated waveform
separator

= . Simulation model
Dipole 667Gauss  4m d6mm X 1lmm 5K 10+ g (e | OLAR
-

=

Coupl

<R T

Damping ring 5cell Cavity Tunner

Positron source R&D

e

Damping Ring 5 cell cavity: The The 1.1 GeV

The The finished The test damping ring need the RF system provide 2 MV.Two
: mechanical FLUX bench of .
The acclelerating strucutre design of concentrator  the FLUX 5 cell constant temperature cavities have
on high power test bench FLUX concentra recommended and the frequency is 650 MHz.
structure drawing of Electrostatic-Magnetic Deflector coil dectrode concentrator tor According to the simulation, each cavity can provide

1.2 MV cavity voltage when the cavity consumption is

54 kw
CEPC CDR MDI updated Design: Beam Pipe and Vacuum Chamber-2
CEPC CDR MDI updated Design: Beam Pipe and Vacuum Chamber-1

. Vacuum Y-shape Cryostat
* Most important update: Connection Chamber Chamber
asymmetric up & down - < >
stream beampipe apertures Paraffin cooling Water cooling No forced cooling  Water cooling
Be Al RF u In coming beam
Feasibility confirmed by = g‘bsllgws ' —
accleferator physics and mechanics ,SE M ———— Out coming beam
design | L D
Guaranteed: no SR power P
deposition between +0.855 m 655
700
Power Deposition Average Power Density 780
0.855m~1.11m 36.53 W 39.79 W/em? o
1.11m~2.2m 224W 0.57 W/em? 1110
2 . .
QDO 434 W 0.6 W/em Asymmetric design Remaining issue:
QDO-QF 1 48.04 W 58.02 W/em? to prevent direct difficult to dissipate
QF1 456 W 0.86 W/em? hitting of synchrotron the heat around the
radiation photons RF finger
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Citation for T. G. Cheng
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Citation for E. Yazgan

For his work in the validation tools for generators and

for sample production.
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LHC splice collimation, HL-LHC ! !
consolidation cryogenics, ... installations K

~3000 fb-?

~300 b until 2035
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13-14 TeV 14 TeV HL-LHC
> > >

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 -w
ATLAS Phase-0 ATLAS Phase-1 ATLAS Phase-2

~30 fb

New inner pixel layer Improve L1 Trigger, NSW Prepare for 140-200 pile-up events

Detector consolidation and LAr electronics to Replace Inner Tracker

2015: FTK deployment cope with higher rates New LO/L1 trigger scheme
Upgrade muon/calorimeter
electronics

Upgrade of DAQ detector readout
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