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Stubbornly Standard Model

INFN

Istituto Nazionale di Fisica Nucleare

Standard Model Total Production Cross Section Measurements

o =96.07 + 0.18 + 0.91 mb (data)
ppP COMPETE HPR1R2 (theory)
o =95.35+0.38 13 mb (data)

COMPETE HPR1R2 (meovy)
¢ =190.1+ 0.2+ 6.4 nb (d
DYNNLO + CTMNNLO Fheory)
W o = 11269 + 3.1 nb (dat:
DYNNLO + CTIANNLO (theory)
= 98.71 + 0.028 + 2.191 b (data)
DYNNLO + CT14NNLO (theory)
o =58.43+0.03 + 1.66 nb (data)
DVNNLO+CT|4 NNLO r\heovyJ

o =3424+
Z DVNNLO+CT|4 NNLO (meury\
o =29.53+0.030.7
DYRNLOSCT14 NRLO (\heovy)
=818+ 8+ 35 pb (data)
top++ NNLO+NLL (theory)
7 =2429 %17+ 86 pb (data)
‘top++ NNLO+NNLL (theory)
o =1829+3 1t64EbEdata)
top++ NNLO+NNLL (theory)
=247 1 6 + 46 pb (data)
NLO+ NLL ’lheoryb
=896+
NG ’theury}
o =68+ 2+ 8 pb (data)
NLO+NLL (theory)
o =130.04 + 1.7 + 10.6 pb (data)
NNLO (theory)
o =682+12+46pb (data)

~ 6.4 pb (data)
ti—chan ool

ww

NNLO (iheory)

c=51 9+z+44 b (data)
NNLO (i

74650 4= 3.3 pb (data)
e tixdwa VRA\theory\

H 0=27.7+3+23-19pb (data)
LHO-HXSWG YRa nheorw
=221+ +3.3-2.7 pb (data)

THE HXWG YR fiheory)
=94+ 10 + 28 - 23 pb (data)
NLO+NNLL (tnaory)
=231 —3.7 pb (data)
NLOWNLL theory)
0=16.8+ 2.9+ 3.9 pb (data)
NLO+NLL (theory)
51+ 0.8+ 23 pb (data)
MATRIX (NNLO) (theory)
wWZ (77243L00¢09Pb1dala%
MATRIX (NNLO uheovy
19414 b (data)
MATRIX (NNLO) (lhsury)
=173+ 0.6+ 0.8 pb (data)
Meatrx (NNLO) & Sherpa (NLO) (neary)
+0.4+0.4 - 0.3 pb (dat
NALO (théory)
+0.7+ 0.5~ 0.4 pb (data)
NNLO (theory)
c=48+08+ 1613 pb (data)
NLG+RNL (iheory)
=870+ 130 140 fb (data)
Madgraph5 + aMCNLO (theory)
£ 86 — 79 + 44 fb (data)
ICFM (theory)
7= 98080 1 100 6 (data)
Madgraph5 + aMCNLO (theory)

Y4
ts_chan
ttw
ttZ

o =176 + 52 — 48 + 24 fb (data)
HELAC NLO (theory)
tZi r7520+170+160'b (datay
J NLO+NLL 'm

WWW| 7 %5000 1o +o 16— 0.14 pb (dafa)
Soa 552 (rew

WW2Z | 7 95500450 15701'&pb(da(a\
Sherpa 2.2.2 (theory)

107* 1073 1072 107!

ATLAS Preliminary
Run 1,2 4/s=7,8,13 TeV

’D‘O;V .n.'ﬂ' 'u'-u-

o Data
a stat
stat @ syst
4 LHC pp Vs =8 TeV
N Data
Q N - D

b i

LHC pp Vs =7 TeV

o
L3

1 10 102 10 10*

Theory

stat @ syst

LHC pp Vs =13 TeV

Data
stat
stat & syst

10°

Status:
July 2019

105 101 05 1.0 15 20
o [pb] data/theory

JLa
]
50x10°°
8x107
0.081
20.2
4.6
3.2
20.2
46
3.2
20.2
4.6
3.2
20.3
4.6
36.1
20.3
46
36.1
20.3
4.5
3.2
20.3
2.0
36.1
20.3
46
36.1
20.3
46
20.3
36.1
20.3
36.1
20.3
36.1
79.8
79.8

Reference

PLB 761 (2016) 158
Nucl. Phys. B, 486-548 (2014)
PLB 759 (2016) 601
arXiv: 1904.05631
EPJC 77 (2017) 367
JHEP 02 (2017) 117
JHEP 02 (2017) 117
JHEP 02 (2017) 117
PLB 761 (2016) 136
EPJC 74: 3109 (2014)
EPJC 74: 3109 (2014)
JHEP 04 (2017) 086
EPJC 77 (2017) 531
PRD 90, 112006 (2014)
arXiv: 1905.04242

PLB 763, 114 (2016)

PRD 87, 112001 (2013)
PRL 113,212001 (2014)

ATLAS-CONF-2017-047
EPJC 76, 6 (2016)
EPJC 76, 6 (2016)
JHEP 01 (2018) 63
JHEP 01, 064 (2016)

PLB 716, 142-159 (2012)
EPJC 79, 535 (2019)
PLB 761 (2016) 179
BRD 93, 092004 (2016)
PLB 761 (2016) 179

IC 72, 2173 (2012,
Bi:xes (2016) 179
PRD 97 (2018) 032005
JHEP 01,099 (2017)

JHEP 03, 128 (2013)
PLB 735 (2014) 311

PLB 756, 228-246 (2016)
PRD 99, 072009 (2019)
JHEP 11, 172 (2015)
PRD 99, 072009 (2019)
JHEP 11, 172 (2015)
PLB 780 (2018) 557
arXiv: 1903.10415

arXiv: 1903.10415

L I LI | L |

ATLAS
Vs=13TeV,245-79.8 1"
=125.09GeV, ly, | <25

T I 1
e Total

T

LI

T ] 1
Stat. == Syst.

Pgy, = 8% Total Stat. Syst.
0% 113 2013 (017, +0.06)
Oyer/ Oggr 124 1037 (10% . ‘0% )
O/ Oggr e —— 124 *ous (103 . 202 )
ooy bt o1 85 (950D
O bt OocF —— 120 153 (Zozi . Jovr )
By/8. oe7 S CEE. 0%
Byw/Bzz- 084 ‘gie (‘o1 . lon)
Br/Bz  femm—— 086 ‘0% (‘017 + “ors )
BBz | em——— 093 0% (Z021 . Zots)
1 L1 1 l Ll L1 I | — 1 l Ll L1

1 l |
1.5

55

3

Parameter normalized to SM value

G. Gaudio — RBI seminar — 2019, November 28th



Stubbornly Standard Model
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

5=13TeV
October 2019 V5
Model Signature  [radr (™' Mass limit
T
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& 3ep 4jets 3.1 |z 185 miF})<800 GeV
® e 2jets e 360 & 1.2 T1)-50 Gev
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Byby, by —bT) e} Multiple %1 B Forbidden 0.9 m(¥})=300GeV, BR(HY!)
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£
% S f-wht? or i) 02ep 02jets-2h P 361 [ @ 1.0 m(})=1 Gev
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iy 42 3en 1 B 139 & Forbidden 086 !
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Al A—hG2G O 23p  EM 361 | @ 0.13-0.23 0.20-0.88 BRI, — hG)-1
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Ry, fi—bs 2jets + 25 36.7
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*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

henomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Status: May 2019 J£dt=(32-139)fb? Vs=8,13TeV
Model Cy  Jetst ET* [ram] Limit Reference
T T
ADD G + g/q Oep 1-4]  Yes 361 |Mp 7.7TeV 171108301
ADD non-resonant yy 2y - - 367 |Ms 8.6TeV 1707.04147
ADD QBH - 2j - 370 M 8.9TeV 170809127
ADD BH high 3 pr- zlep  =22j - 32 M 82TeV.  n=6.My=3TeV,rotBH 1606.02265
ADD BH multijet - 23j - 36 | Mu 9.5 TeV 3TeV, rot BH 1512.02586
RS1 Gyx = vy 2y - - 367 | Gk mass 4.1Tev 1707.04147
Bulk RS Gyic — WW/ZZ multi-channel 361 [ Gux mass. 2.3TeV. 1808.02380
BukRS Gkx » WW > qqqq  Oe 2y - 139 |Gk mass: 1.6TeV. ATLAS-CONF-2019-003
Bulk RS gick — tt Teu >1b>102) Yes 361 | kxmass 38TeV 1804.10823
2UED / RPP leu =22b23) Yes  36.1 KK mass 1.8 TeV Tier (1,1), BAMY ) =1 1803.09678
SSM Z' — (t 2ep - - 139 Z' mass 5.1TeV 1903.06248
SSM Z' — 71 27 - - 361 |2'mass 2.42TeV 1700.07242
Leptophobic Z* — bb - 2b - 36.1 2’ mass 2.1 TeV 1805.09299
Leptophobic Z' — tt Teu =1b>102 Yes 361 |2 mass 3.0TeV jm=1% 1804.10823
SSM W' — &v - Yes 139 W' mass 6.0 Tev CERN-EP-2019-100
SSM W’ — v - Yes 36.1 W' mass 3.7 TeV 1801.06992
HVT V' — WZ — qqqq model B 24 - 139 [Wmass 36TeV =3 ATLAS-CONF-2019-003
HVT V' — WH/ZH model B mul 361 [V mass 2.93TeV =3 1712.06518
LRSM Wg — tb multi-channel 361 | Wgmass 3.25TeV 1807.10473
LRSM Wg — uNg 2p 1J - 80 | Wgmass 5.0 TeV. m(Ng) = 0.5TeV, g = gr 1904.12679
Cl gqqq - 2j - 370 |a 21.8TeV. i, 170809127
Clttqq 2en - - 31 |A 400TeV 7, 170702424
Cl ettt 2lep 21b21) Yes 361 A 257TeV Gl = 4 1811.02305
Axial-vector mediator (Dirac DM) 0 e, Yes 361 [ 155 TeV £4=0.25, =10, m(x) =1 GeV. 171103301
Colored scalar mediator (Dirac DM) 0 e, Yes 361 [ M 167 TeV £=1.0, m(x) = 1GeV 171108301
Wy EFT (Dirac DM) Oep Yes 32 |M. 700 GeV m(x) <150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,z  1b0-1J Yes  36.1 my 3.4TeV ¥ = 04,402 m(y) = 10 GeV 1812.09743
Scalar LQ 1 gen 12e 22j  Yes 361 [LaQmass 1.4TeV p=1 1902.00877
Scalar LQ 2" gen 12u 22j Yes  36.1 LQ mass 1.56 TeV. p=1 1902.00377
Scalar LQ 3" gen 27 2b - 36.1 LQy mass 1.03 TeV B(LQY — br) =1 1902.08103
Scalar LQ 3" gen 0-1ep 2b Yes  36.1 Lag mass 970 GeV' B(LQ§ - t7) =0 1902.08103
VLQ TT — Ht/ZtjWb+ X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
VLQ BB » WejZb+ X multi-channel 36.1 | Bmass 1.34TeV SU(@) doublet 1808.02343
VLQ To3TealTss > We+ X 2(SS)>8 e >1b,21] Yes 361 | Tspmass 164 TeV B(Tos —» We)= 1, (s W)= 1 1807.11883
VLQY - Wb + X Teu =1bz1 Yes 361 |Ymass 1.85TeV BY — Wh)=1, cr(Wh)= 1 1812.07343
VLQ B - Hb+ X Oeu2y 21b21 Yes 798 |Bmass 1.21TeV k=05 ATLAS-CONF-2018-024.
VLQ QQ — WqWq e z4j Yes 203 1509.04261
Excited quark g — qg - 2j - 139 67TeV only u* and d", A = m(q") ATLAS-CONF-2019-007
Excited quark ¢* — qy 1y 1 - 387 53TeV only u* and d*, A = m(q") 170010440
Excited quark b* — bg - 161 - 361 1805.00299
Excited lepton £* 3epu - - 203 A=30TeV 1411.2021
Excited lepton v* 3epur - - 203 A=16TeV 14112921
Type lll Seesaw Ten z2j Yes 798 |N°mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2p 2j - 364 32TeV m(We) =416V, & = gr 1809.11105
Higgs triplet H* — ¢ 234eu(SS) - - 36d 870 GeV. DY production 1710.09748
Higgs triplet H** — ¢7. Beut . . 20.3 DY production, B(H;* — {r) =1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g = Se 1812.03673
Magnetic monopoles - - - 344 | monopolemass 237 Tev DY production, g] = 1gp. spin 1/2 190510130
Vs=13TeV  s=13TeV L v .
partial data full data 10 1 10 Mass scale [Tev]

*Only a selection of the available mass limits on new states or phenomena is shown

TSmall-radius (large-radius) jets are denoted by the letter j (J).
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No new physics scenario 4 INF N

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

....... But when theorists are more
confused, it’'s the time for more,

not less experiments.
(Nima Arkani-Hamed Cern Courier March 2019)
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In operation A. Faus-Golfe

Present and Future Large Accelerator projects i construction

An uncompleted view ... Under study

International Large Scale Projects

EPPSU
FCC/CLIC, ILC?
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Super KEKB FAIR R beam/stabilization FCCeh HE-LHC (HL-LHC) o

XFEL LHCeC ERL 16T Nb3Tn/NbTn

LBNF ERL  CLIC

12 GHz SppC

RLC Ll - 18-20 November 2019

CepC 2019
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Hadron vs lepton accelerator machine INFN

Istituto Nazionale di Fisica Nucleare

proton > <€

H‘T’ \ 4 e+ \ -

» @ ) e 7\ o (mm
collision of two composite particles collision of two point-like particles
(with different initial constituents (with exactly defined initial state,
and energies) quantum numbers and energies)

Vs =+/T1 T3 S
electroweak interactions electroweak interactions

+ strong interactions
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Hadron vs lepton accelerator machine INFN

Istituto Nazionale di Fisica Nucleare

proton > < proton
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Lepton collider motivation INFN

Istituto Nazionale di Fisica Nucleare

Lepton colliders offer the potential of precision

measurements

» Well defined initial conditions

* Low background levels 500 |

At high energies they are efficient discovery machines S 200 }

* Full collision energy available for particle production E

* But sufficient luminosity is required \; 100
»

50t

14 TeV lepton collisions are comparable to 100 TeV
proton collisions 20

G. Gaudio — RBI seminar — 2019, November 28th 10



Accelerating electrons (positrons) INFN

Istituto Nazionale di Fisica Nucleare

e-
lB Energy loss by synchrotron radiation of
charged particles bent by a magnetic field
E\* 1
photon AE~ | — ) X—
m R

Electron mass me: 0.5 MeV Proton mass ~2000 me. Muon mass ~200 me.

2.75 GeV/turn lost at Energy loss reduced Energy loss reduced
LEP for E = 105 GeV by a factor by a factor

1 \* 1 \*
— ) ~6-10% [—) ~6.10710
(2000) 6-10 (200>
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ee” competing projects Sl
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Luminosity per facility @FN

Istituto Nazionale di Fisica Nucleare

"__‘ T I T T T T T T T T I T ]
» - Z(91.2GeV) : 4.6 x 10% cm?s™! FCC-ee (Baseline, 2IPs) ]
. . . . IE B . ILC (Baseline) .
The collider luminosity is the O - . :
. . < CLIC (Baseline)
proportionality factor between T 2 S N ......CEPG.(Baseling, 21Ps}——]
the number of events per AR - W'W (161 GeV): 5.6 x 10% cm2s-t =
second and the cross section %‘ B )
8 - HZ (240 GeV): 1.7 x 10° cm2s-! -
E 10 e N =
=S = -
Given by physi — - tt (350 GeV): 3.8 x 10* ]
- eVv): 3.0 X cm —
dN . 1 rven DY PAYSIes B (365 GeV): 3.1 200 oo _
— =) | i -
—~ Given by the machine HZ (250 GeV): 1.35 x 10% cm2s™!
1= 6.'&5';'1'65‘}5&'{5;5"] """""""""""""""""""""""""""""""""""""""""""""""""""""" =
C l ] l ! l L ! ]
10? 10°
Vs [GeV]
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Running phase (FCC as example)

Istituto Nazionale di Fisica Nucleare

Phase Run duration (years) Centre-of-mass
energies (GeV)

Integrated lumi- Event statistics
nosity (ab™1)

FCC-ee-Z 4 88-95 150 3 x 102 visible Z decays
FCC-ee-W 2 158-162 12 108 WW events
FCC-ee-H 3 240 5 10° ZH events
FCC-ee-tt(1) 1 340-350 0.2 tt threshold scan
FCC-ee-tt(2) 4 365 1.5 10° tt events

14
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Precision is the way ... INFN

Istituto Nazionale di Fisica Nucleare

80.5 March 201]2 : . | | . z
[C1LHC excluded > ol
1 : —— TLEP (Z pole)
LEP2 and Tevatron -8 — TLEP (Direct)
{ - LEP1 and SLD § —— ILC (Direct)
68% CL € 50.365 — LHC (Future)
— ---- Tevatron
% ; —— Standard Model
5 80.41 ’
L — 80.36
=
&
80.355
80.3 - h ~eQ35
1 ; - ; ) ' ' 1715 172 1725 173 1735\ 174 1745 175
155 175 195 Top mass (GeV)
m, [GeV] Without m,@FCC-ee, the SM line

would have a 2.2 MeV width

+ Constraints on new physics ?

G. Gaudio — RBI seminar — 2019, November 28th 15



The importance of precision measurements

INFN

Istituto Nazionale di Fisica Nucleare

Baak et al.,arXiv:1310.6708, Snowmass 2013, EW WG . e e
0.2330 ———T—— T T T T T A_V|C|n|
[ experimental errors 68% CL / collider experiment: ]
r LEP/SLD/Tevatran 71
_ t ] .. .
02025~ —— LHC ro p The precision measurement of MW and sin?0.s
[ —— ILC/Gigaz ! Ia 1
r (LEP) 1 .
02300 \ e E with an error of 0.7 MeV and 0.000004
[ ‘n/ ] .
o8 [ m=170.175Ge ] (5 MeV and 0.000100 at a hadron collider)
“g 0.2315 [ SM:M, = 1256 +0.7 GeV 3 . .
i ] (formidable challenges!)
- ‘\‘ ™, -
- 1 X - . . .
0.2310|~ ] . would offer a very stringent test of the SM likelihood
L \ ] i
r \_/ AL (SLD) 1
02305~ N -
r TR MssM i
: SM, MSSM Heinemeyer, Hollik, Weiglein, Zeune et al. '13:
0.2309 ‘sc;a‘ - .834. - Iat;s‘ o
MW (GeV] O. Stal, G.Weiglein, L. Zeune, arXiv:1506.07465
80.40
In the case a BSM particle had been discovered
a very precise MW value would offer 8038
a strongly discriminating tool about the mass spectra  _ e
>
in BSM models 8 8038
2
. . 80.37
different dependence on the neutralino mass M, \\\‘\‘*
of the MW prediction in the MSSM and NMSSM
80.36
200 300 400 500 600 700 800 900
12 M, [GeV]
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Precision on the Higgs boson coupling

Istituto Nazionale di Fisica Nucleare

Collider HL-LHC ILCa50 CLICss0 CEPCa40 FCC—66240_>365
Lumi (ab™ 1) 3 2 1 5.6 5+0.2+15
Years 11.5° 8 7 3+1+4
guzz (%) 1.5 /3.6 | 0.29 /0.47 | 0.44 /0.66 | 0.18 /0.52 | 0.17 / 0.26
gaww (%) 1.7 /32 | 1.1 /048 | 0.75/0.65 | 0.95/0.51 | 0.41 / 0.27
gubb (%) 37/51 | 1.2/083 | 1.2/1.0 |092/067| 0.64 / 0.56
grce (%) SM /SM | 20/1.8 4.1 /4.0 2.0/ 1.9 1.3 /1.3
gagg (%) 25/22 | 1.4/1.1 1.5/13 | 1.1/0.79 | 0.89 / 0.82
gurr (%) 1.9/35 | 1.1/08 | 14/13 | 1.0/0.70 | 0.66 / 0.57
gaup (%) 43 /55 | 42 /4.1 4.4 /4.3 3.9/ 38 3.9 / 3.8
Gt (%) 1.8/37 | 13/13 1.5 /14 1.2 /1.2 1.2 / 1.2
guz~ (%) 11. / 11. | 11. / 10. 11. /9.8 6.3 /6.3 10. / 9.4
guee (%) 34/29 | 27/26 2.7 /2.7 2.6 / 2.6 2.6 / 2.6
guuan (%) 50. / 52. | 28./49. | 45. /50. 17. / 49. 19. / 34.
I'a (%) SM 2.4 2.6 1.9 1.2
BRiny (%) 1.9 0.26 0.63 0.27 0.19
BRexo (%) | SM (0}0) 1.8 2.7 1.1 1.0

G. Gaudio — RBI seminar — 2019, November 28th
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ee” competing projects Sl
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FCC ee and hh

<R

Istituto Nazionale di Fisica Nucleare

30 mrad

FCC-hh/
134m 106 m Booster

Exp
Inj. + Exp Inj + Exp.

0.3 m

14km

D (RF) J “ p-coll «— 28km — extractlon

1 4 km
O- coII
N

FCC-ee FCC-hh

J (RF)

G (IP)

A (IP) A mm L DS

mmm L_sep

mmm | arc

Common
layout for

ee and hh
phases
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FCC tunnel proposal @
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']
8
: Schematic of an

80 - 100 km
long tunnel
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FCC-ee design
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10°°

<108

y (cm

<

Luminosit

%

107

0.1

SUPERK.EKB e FCC-Z

o FCC-W
BINP c-tau . ¢ BINH c-tau FCC-H
L/1IP HIEPA c-tau - WRgek ¢
2 * FCC-t

Q
DAFNE i LEP
CESR .c :.
VEPP2000 o LEP
s BEPC o PETRA
VEPP-2M %  VEPP-4M
AR2
« ADONE
o
DCl
ADONE o
Marica Biagini
1 10 100 1000

c.m. Energy (GeV)

B-factories: KEKB & PEP-II: double-ring lepton
colliders, high beam currents, top-up injection

DAFNE: crab waist, double ring
SuperB-factories, S-KEKB: low [3 *
LEP: high energy, SR effects

VEPP-4M, LEP: precision energy calibration w. res.
depolarisation

KEKB: e* source

HERA, LEP, RHIC: spin gymnastics

combining successful ingredients of several recent
colliders - highest luminosities & energies

G. Gaudio — RBI seminar — 2019, November 28th
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FCCintegrated project schedule
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s I 60 6 G s 6 K G
years operation
[ ierwn3 )| 1s3 ) tHcrun4  J(is4){ LHCruns |(Lss)(  tHCmne |\

Project preparation & Permis-\ Update

administrative processes

Funding & governance strategy sions

Permission,
Funding

]u@%ﬁ%@mﬂu@[

25 years operation

I

J
Geol | t [ FCC-eed tling, CE
eological investigations, . o -ee dismantling,
infrastructure detailed design and UL IR techmf;al LEAELE & infrastructure
. . construction .
tendering preparation { adaptations FCC-hh
f )i Y[ Fochh accelerator | {
-hh accelerator
. . FCC-ee accelerator construction, : FCC-hh accelerator construction,
FCC-ee accelerator R&D and technical design installation, commissioning R&D adr:ads itelt‘:hnlcal installation, commissioning
. 9 .
\( FCC-hh detect
Detector R&D and FCC-ge detegtor FCC-ee detector - defector FCC'.h . d.etector'
concept development ol construction, installation, commissioning R&D’ : COERUCHON R Biaseton
collaborations L ' ' technical design )L commissioning
s s
SC wire and 16 T magnet 16 T divole maanet
Superconducting wire and high-field magnet R&D R&D, model magnets, dipo g
. series production
o ) prototypes, preseries
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CEPC Accelerator Chain INFN

Energy Ramp 10 -

10 GeV Electron >45/120GeV
T e
L=1.2km Positron C=100km

B(Gs)

SITIEITT

Three rings in the same channel:
> CEPC & booster

> SppC = M=
Booster Cycllg'(OJ Hz)
The key systems of CEPC: 5) Civil Eng. -
1) Linac Injector 3) Main Ring 1
2) BC CStEI’ TUNNEL CROSS SECTION OF THE ARC AREA c=100km 2|P ,,,,
3) Collider ring
4) MDI
5) Civil Eng. t = ; 3
45/120 Z{mm)
GeV 4) Detector Machine
CEPC Booster Interface (MDI)
CEPC Collider
SppC
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CEPC site selection @
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1) Qinhuangdao, Hebei Province ( Completed in 2014 )
2) Huangling, Shanxi Province ( Completed in 2017)

3) Shenshan, Guangdong Province(Completed in 2016)
4) Baoding (Xiong an), Hebei Province (Started in August2017) 3
5)Huzhou, Zhejiang Province (Started in March 2018)
6)Changchun, Jilin Province (Started in May 2018)
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CEPC timeline @
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Government
approval

Pre-studies Key Technology R&D Conshuction Data taking

(2013-2015) Engi(f;gii?zgogle)sign (2022-2030) (2030-2040)

Big Science
Cultivation

International Decision on detectors
Collaborations and release of TDRs
formed
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ILC beam accelerator @

Bunch compressor

Istituto Nazionale di Fisica Nucleare
Turn around -
=

Electron Linac

'ositron generation

final focus
\ Interaction Point (IP)

final focus

5GeV positron

damping ring(3.2km) Positorn Linac

Polarised
electron source

1ms bunch train mean: i
1312 bunch (220km length) Sasis e haie

BEENEENE I

- — L

Bunch compressor

m around

~———Bunchtrain compression '\ ., namping Ring (6ns bunch spacing)
injection with compressed bunch spacing : 2.3km length

- e ———— extraction with long bunch spacing
Bunch train expansion —

soum sccaoratonimtinse LLLL1 L1 L] LLLLLLLL]

(554 ns bunch spacing)
1312 bunch (220km length) -
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CLIC tunnels INFN
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3

{Logena  CLIC at380Gel,and upgrades

% -

e CERN existing LHC #

Potential underground siting :

ssee CLIC 380 Gev
sese CLIC 1.5 TeV
CLIC 3 TeV

Parameter Symbol  Unit Stage2  Stage
Centre-of-mass energy NG GeV 1500 3000
Repetition frequency Jeep Hz 50 50 50

o Number of bunches per train ny, 352 312 312
Bunch separation At ns 0.5 0.5 0.5
Pulse length TR ns 244 244 244
Accelerating gradient G MV/m 72 72/100 7210
Total luminosity L4 1.5 . 59
Luminosity above 99% of /s “Zoor 0.9 1.4 2
Total integrated luminosity per year .7, 180 444 708
Main linac tunnel length km 11.4 29.0 50.1
Number of particles per bunch N 10° 32 57 3.7
Bunch length o. pm 70 44 B2
IP beam size o,/0, nm 1497291 ~60/1.5 ~ 40/
Normalised emittance (end of linac) €, /€, nm 900720 § 660/20 660/2|
Final RMS energy spread % 0.35 0.35 0.35
Crossing angle (at IP) mrad 16.5 20 20

Luminosity increases could also be considered for 380 GeV with 100 Hz operation
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Accelerating electrons (positrons) INFN
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e-
lB Energy loss by synchrotron radiation of
charged particles bent by a magnetic field
E\* 1
photon AE~ | — ) X—
m R

Electron mass me: 0.5 MeV Proton mass ~2000 me. Muon mass ~200 me.

2.75 GeV/turn lost at Energy loss reduced Energy loss reduced
LEP for E = 105 GeV by a factor by a factor

1 \* 1 \*
— ) ~6-10% [—) ~6.10710
(2000) 6-10 (200>
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Muon colliders — proton driver INFN
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Proton Driver Front End Cooling Acceleration Collider Ring
P T - = | S
© g g 2 |F8c5E|g £ g E £
5 s 2 £ [ResS529 %8 <o 8 38
A E 3 § |g222 g|lg v S ¢ 2 o 9
= — © (%] Q — = —
2 ~ ‘%’8 g 2Sl= ¥ 8 a= 3 8 Accelerators: A
< o &|x 2 = Linacs, RLA or FFAG, RCS
= £ O
Short, intense proton
bunches to produce Muon are captured, bunched Acceleration to Collision
hadronic showers and then cooled collision energy

Pions decay into muons
that can be captured
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INFN
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Beam induced background — neutrino radiation hazard

The source, ring or section, is placed
at the fixed depth of 550 m.

. “hot spot” Depth (m)
muon collider
. S 50.  150. 250.350. 450. 550.
N 10 :
01, 2 — 1+1 TeV

Ambient dose assuming 1.2 x 10?1 decays/year

Need to study for higher energies (scaling E3)

Straights in LHC might increase problem
—> Another reason to consider this as accelerator

1111111111

ol L i P ST PR L3 L
0 10 20 30 40 50 60 70 8 9 100

Distance (km)

G. Gaudio — RBI seminar — 2019, November 28th 30



LEMMA schema @
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Low EMmittance Muon Positron Linac Ppsitron Acceleration
Accelerator (LEMMA): Ring

10" n pairs/sec from
e*e” interactions. The small
production emittance allows lower ——
overall charge in the collider rings Positron Linac

Collider Ring

Ecom:

10s of TeV

— hence, lower backgrounds in a =% H § §°
collider detector and a higher é % S & ? e
potential CoM energy due to S - % Accelerators:
neutrino radiation. Q Linacs, RLA or FFAG, RCS

In the LEMMA schema 45 GeV positrons annihilate with the electrons of a beryllium target:
a beam of muons and antimuons with collimated energy and emission angle can be obtained.
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LEMMA schema @

Istituto Nazionale di Fisica Nucleare

Low EMmittance Muon Positron Linac |Positron Acceleration Collider Ring
Accelerator (LEMMA): Ring

10" n pairs/sec from
e*e” interactions. The small
production emittance allows lower ——
overall charge in the collider rings Positron Linac

Ecom:

10s of TeV

— hence, lower backgrounds in a =% H § §°
collider detector and a higher é % S & ? e
potential CoM energy due to S - % Accelerators:
neutrino radiation. Q Linacs, RLA or FFAG, RCS

Small efficiency of converting positrons to muon pairs

e Muon pair production is only small fraction of overall cross section ete™ — yty~ Ol

(O10-5)) ete” —ete”
* Most positrons lost with no muon produced I
* Have to produce many positrons (difficult) O(100mb), £20.01

* O(100MW) synchrotron radiation
* High heat load and stress in target (also difficult)
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Proposed Schedule INFN

: Proton collider == Construction/Transformation: heights of box construction cost/year
Electron collider ’
Preparation
I Electron-Proton collider b

% ILC: 250 GeV 500 GeV 1TeV
Q 4 years 20km tunnel [EERAISE 4 ab ~4-5.4 ab!
=
31km tunnel 40 km tunnel
3}
c CepC: 90/160/240 GeV
c 100km tunnel [EFFERFSVETSE
(&)
- 380 GeV
5 years 11 km tunnel bl
a
29 km tunnel 50 km tunnel
350‘355 GeV FCC hh: 150 TeV =20-30 ab™
8 years 100km tunnel [FE/er SRRy Lr/el
= Gev -150/10/5 abt
o
8 - FCC hh: 100 TeV 20-30 ab?!

FCC hh: 100 TeV 20-30 ab™?
8 years 100km tunnel

HL-LHC: 13 TeV 3-4 ab™ HE-LHC: 27 TeV 10 ab™

LHeC: 1.2TeV FCC-eh: 3.5 TeV 2 ab?
- 2years 178B/6 yeaJ 0,251 ab1©

NN T 1 T 1 T
2020 2030 2040 2050 2060 2070 2080 2090
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The others ingredients @
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Physics Process ~ Measured Quantity Critical Detector Required Performance

ZH — (7{—X  Higgs mass, cross section A(1/pr) ~2x107° . )
: o . e Tracker N Detector capability to exploit
H — ™ p BR(H — p" ) @1 x 1072 /(prsinf) hvsi tential

H — bb. cé, g9 BR(H — bb, ., gq) Vertex Ore ~ D@ ]()//",(])Sill:{u f) pm physic potentia

H — qq. VV BR(H — qq. V'V) ECAL, HCAL rr‘ilf‘.'t JE ~3-4%

H — v BR(H — 77) ECAL or ~ 16%/VE & 1% (GeV)

ete~ — ZH:
S0y ~ 0.4%

full one-loop available, corrections of 5-10% A\(a|lal?|llty of large statistics
will bring the measurements

quickly systematic-limited

rough estimate: 60}?50 ~ 1% from missing two-loop corrections

Two-loop corrections for 2 — 2 can in principle be done . ..
O (atas) corrections: 1.3% [v. Gong, Z. Li, X. Xu, L. Yang '16]

= theory uncertainties sufficiently small
= full two-loop for 2 — 2 should be done!
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HVALA
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