The LHC era: exploring the TeV scale
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HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES
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» Discovery?

HL-LHC CIVIL ENGINEERING:

DEFINTION EXCAVATION |auL 5

We are only here

Statistical limitations will be overcome
for a very large number of observables

Many years of HL running ahead of us

- 2-fold increase in statistics by the end of Run 3 (
-» 20-fold increase in statistics by the end of HL-LHC! Reach % level precision




Standard Model Productlon Cross Sectlon Measurements Status:
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The breadth of collider physics program

a unique spectrum of SM measurements
and BSM direct searches!
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The realization of this program largely depend on theoretical progress
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rediction to discovery to precision
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Anomalies in Top-quark EW couplings (W,Z,H) possible hint of BSM physics




From prediction to discovery to precision

Global fits of precision EW observables gave us strong indications of where to find the

SM Higgs boson and we now use its mass as one of the EW precision observables of

the EW global fit to constrain new physics.
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Future directions: energy and precision

EF Snowmass Report, 2211.11084

Answering the big Open Questions via energy and precision
» Origin of the EW scale (SSB via Higgs mechanism, naturalness, flavor)
» Origin of Baryon Asymmetry, Dark Matter, Dark Energy

> ...
Direct and Indirect Limits Given the level of consistency of the SM, and no
Indirect Bounds . . .
4 e bong ] T ESMalooplevel o+ clear evidence of new particles in LHC searches
e = Y miitev g0 far we expect new physics effects to be small.
s ..,0' ““““ Limits
? HF Direct R “"
8 Limits e —
=4 a g . . ce .
s \ """ Precision affects the sensitivity to both direct
s | [ 7 BSM@tree-level ° ° ° - H
1 | . e and indirect effects of new physics since it
enhances sensitivity to small deviations.

/
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Mass Scale

Ny

~10-30 TeV (utp-), ~100 TeV (pp)
pCM~ 10 TeV

13-14 TeV

pCM ~ 1 TeV



Higgs-boson factories

(up to 1 TeV c.o.m. energy)

Snowmass 21:

EF Benchmark Scenarios

Multi-TeV colliders

Collider  Type NG P|%] Lint Start Date
— 7/ + -1 :
e /e ab™" /IP | Const. | Physics (> 1 TeV c.o.m. energy)
HL-LHC pp 14 TeV 3 2027
ILC & C3 ee 250 GeV | £80/ £ 30 2 2028 2038 _
350 GeV | £80/ + 30 0.2 Collider ~ Type NG P[%] Lint Start Date
. e~ /et | ab™'/IP | Const. | Physics
500 GeV | £80/ £ 30 4 Y
1 TeV | 480/ 420 8 HE-LHC  pp 27 TeV 15
CLIC ee 380 GeV |  £80/0 1 2041 | 2048 FCC-hh  pp 100 TeV 30 2063 | 2074
CEPC e My 50 2026 | 2035 SppC_ pp | 75125 TeV | [ 1020 | [ 2055 |
2Mw 3 LHeC ep 1.3 TeV 1
240 GeV 10 FCC-eh 3.5 TeV 2
360 GeV 0.5 CLIC ce 15 TeV | £80/0 2.5 2052 | 2058
FCC-ee ee Mz 75 2033 2048 3.0 TeV +80/0 5
2Mw 5 j-collider _pp 3 ToV 1 2038 | 2045
240 GeV 2.5 10 TeV 10
2 Miop 0.8
p-collider  pp 125 GeV 0.02

report (arXiv: 2208.06030)

Timelines are taken from the Collider ITF



https://arxiv.org/abs/2208.06030
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5 years

Bl Pproton collider
B Electron collider
E  Muon collider

EEEEN Construction/Transformation
Preparation / R&D

2038 start physics
ILC: 250 GeV
2 ab?

500 GeV
4 ab?

20km tunnel

40 km tunnel

31km tunnel

SppC: 75-125 TeV, 10-20 ab-!
[

2035 start physics

CepC: 90/160/240 GeV

100km tunnel [EFRYZPT ot

HL-LHC (14TeV, 3 ab™)

3.6TeV, 450 fb")

2048 start physics

100km tunnel, installation 350-365 installation
GeV 1.7

ab?

FCC-ee: 90/160/250 GeV
-150/10/5 ab!

Original timeline from ESG
Updated during Snowmass 2021
(see EF Report)

FCC hh: 100 TeV = 30 ab™!

2048 start physics

CLIC: 380 GeV 1.5TeV
1.5ab? 2:5¢abiL

29 km tunnel

3 TeV

11 km tunnel 5 abl

holding

50 km tunnel

2020

2030 2040 2050 2060 2070

IVIiuuIl cuilnuer

2080

Proposals emerging from Snowmass 2021 for a US based collider

2040 start physics
CCC: 250 GeV

CCC

5 years 8 km tunnel

2 ab?

550 GeV 2 TeV
4 ab? =4 ab™

Stage2
10 TeV;
~10ab?

10km & 16.5 km tunnels

. RF upgrade
Muon Collider

2045 start physics

muC:Stagel
13 years 4km & reuse Tevatron ring 3 TeV

Note: Possibility of

OR 4km+6km km ring 125 GeV or 1 TeV at Stage 1

2090

Renewed interest in lepton colliders:
need supporting R&D in near future
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