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“ Future directions: precision and energy

OXFORD

- The Higgs remains our central goal S
because is tied to many open questions Higgs Factory (HF) multi-TeV collider

. : FCC-ee FCC-hh
— EWSB, flavor, CP violation, hidden - | B .
sector, and the stability of the
universe o0 Direct and Indirect Limits
« Given the level of consistency of the SM I wishenp ] TSl
we expect new physics effects to be N e il -

small

« The extreme precision at e-e-collider is A —
crucial to identify small deviations from e
SM predictions and point to the scale of .

new physics.
_ Mass Scale
collider are complementary and they / / \
allow to probe directly multi-TeV new 35
[y < 1TeV (e*e) ~100 TeV (pp), ~10-30 TeV (u*p)
physics. 13-44 Tey pCM ~ 10 TeV
pCM ~ 1 TeV
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 The energies available at a multi-TeV
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The HL-LHC Higgs programme

OXFORD

+ Run 1 (25/fb) : * Improvements in tools will bring results
Higgs discovery beyond expectation

- Run 2 (139 /.I:b) : _ MS Simulation l;’reliminar projection H_) CcC
Higgs couplings "

* Run 3 (332/fb) :
Higgs precision
program

z
w
8]

________________________________________________________

W
o

band colour = systematics scenario
[0 Statistical uncertainties only (4 ch. + scouting)
B+ BTV-25-002, EXO-23-007 trig. (4 ch. + scouting)
25 I+ VBF + DP-2025-081 taggers (4 ch.)
[ Published analyses, 82 (3 ch.)

Published analyses, S1 (3 ch.) + new triggers

/: (speculative)

: - ) + taggers now
linestyle = 2nd-experiment estimate ,",/ + VBE

--- 2nd exp. at CMS parity (r=1)
==+ 2nd exp., optimistic (r=0.73) ’ . A ;
— 2nd exp., conservative (r=0.56) , Published. §2
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CMS + 2nd exp., Run 243
published + BTV-today deploy
1 5 + VBF (est. from public results)
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4 Published, S1

0.930 (K| < 1.8)

tion

* Run4 and beyond
(3000/tb) will bring
a 6-fold increase
c - c 200 500 1000 3000
18 Stat|St|CS integrated luminosity per experiment [fo~]
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The legacy of the LHC + HL-LHC

 HL-LHC projections for the ESPPU
based on Run 2 data:
— 1.6-3.6 % on main couplings
— 3-7% onH —>u‘wand H— Zy
— < 30% on Higgs (trilinear) self-
coupling
* Analyses and tools improving fast
* Theory could become main
limitation

OXFORD

ATLAS + CMS Pprojections ESPPU 2026
Vs =14 TeV, 3 ab~! per experiment
SM HH production (k3 = 1)
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Measurements of HH production/Higgs self coupling will remain
unbeaten until FCC-hh
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FCC-ee: a Higgs factory
Higgs Couplings

Energy spread:
—é=0
d=4.1 MeV
&= 7T May)
& =15 MeV
& = 30 MeV
& =100 MeV

Coupling X FCC-ee

Hy (%) . 0.10
rw (G2) . 0.29
K (%) . 0.49
"‘.E_E [-!"..i.l ﬂ 54
tie (Go) . 0.46
ke (50) v 0.87
Ky (Fe) . 1.1

tigy (%) 4.3

Ky (%) 3. 3.1

Fiy (%) £ 3.3

[#es] (%) i

[g (%) 0.78 o

B (<, 95% CL) 1.9x 1072* | 5% 1074 L1 R L

-
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[ LEE BE)

1 1 1 I 1
e 2+ ez _3 124.99 124995 125 125005 125.01
By (<. 95% CL) 4 % 10 5.8 % 10 's (GeV)

: — Unique possibility: direct access to the
Incredible precision electron Yukawa through s-channel
Model independent results Higgs production?

*next to HL-LHC numbers — not model independent
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Z pole:
6 x 10?2 Z

WW Threshold
2.4 x 108 WW

ZH @ 240 :
2.2 x 10° H

350-360 GeV :
2.6 X 10° top

+ 370k ZH
+92 kK WW —H
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FCCee: More than a Higgs Factory

« Exploiting these huge samples
requires understanding detector
systematics, beam properties,
backgrounds — and theory — at
a completely new level.

Precision for extraction from data

Cuantity

Current
precision

FCC-ee stat
(sysi) precision

Required
theory input

Theory status
as of today

Meeded theory
'|rr|p:r-:l-!.u:l:m:nt1
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non-resonant
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initial-state
radiation (ISR)

ML,
ISR logarithms
up o 6" order

MMWLO for
ete™ — ff
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L9
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lineshape of
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ML
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e e” — £H

threshold scan
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FCC feasibility study report — 2505.00272 |

NLO EW plus
pantial NNLO
QCDVEW
MNALO QCD,
MMNLO EW,
resummations
up to MMLL,
N30 MeV)
scale uncert.

full KNLO EW

Matching fixed
orders with
resumimations,
merging with
M, g (input)

Operation at the Z pole poses the most
demanding experimental challenges




Detectors Concepts

ALLEGRO

OXFORD
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ILD (being ported from ILC) AGORA (being ported from CEPC)

New additions
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Detector Concepts

Tracker PID ECAL

CLD Si based Option for RICH (‘ARC") Silicon tungsten
[FCC weeklink]  (precise technology
under review)

IDEA Drift chamber, plus  dE/dx, dN/dx, plus TOF Crystal dual
[FCC weeklink]  Sj wrapper readout

ALLEGRO Drift chamber or dE/dx, dN/dx Noble-liquid
[ECC weeklink]  straw tube or SciFi, (if available), plus TOF
plus Si wrapper

ILD TPC dE/dx, dN/dx, Silicon tungsten
[FCC week link] possibly plus TOF

ALFA MAPS RICH (ARC") GRAINITA (novel

[FCC week link) E:F}’Stﬂl-bﬂﬁﬁd},
better than
2%/sqrt(E) + 1%

AGORA TPC (for now) dE/dx, dN/dx BGO crystal
[ECC week link] Possible forward RICH 2%/sqrt(E) + 1%
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2018

IHEP-CEPC-DR-2vaova

IHEP-AC-2018-01

CEPC
Conceptual Design Report

Volume | - Accelerator

The CEPC Study Group
August 2018

.

Impressive R&D for CEPC

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

IHEP-TH-2018-01

CEPC
Conceptual Design Report

Volume Il - Physics & Detector

The CEPC Study Group
October 2018

2023

IHEP-CEPC-DR-2023-01
IHEP-AC-2023-01

CEPC
Technical Design Report

Accelerator

The CEPC Study Group
December 2023

THEP-CEPC-DR-2025-01

2 O 2 5 THEP-EP-2025-01

CEPC Reference Detector
Technical Design Report

Version: v1.0.0 build: 2025-10.08 (0:09; 147

f‘iModuIes’i'f'

The CEPC Study Group
October, 2025
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Reaching the goal
+  The ESPPU has

OXFORD

« CEPC was not

inclklljde_d in Chinal’s YY % concluded.
- M' 040
(125(526F—|\é%?:66)ar Plan St ceentor ommionng F — « Key points regarding FCC:
» Accelerator and e ” — Overwhelmingly strong
detector R&D Ed ol Al - | 5 endorsement of the
continues, including R | | e physics and strategic
applications/upgrades instasationand componet poducion > WM™ et conponent podiction case for FCC-ee as the
for BEPCII Technical design & prototyping completed . _?W Four detector TORs completed next flagship collider at
» Looking toward a || CERN
major partnersh|p with Start of ground-breaking and CE at IPs ioj; : Detector CORs (»4) submitted to FC’ — A descoped/staged
Egrﬁrﬁgr? ilr?tg?(teglsngnd mmm:mwom- i dmmm FCC-ee is preferred to
leeiile ogles Reference Design Phase iﬁiﬁ;’ﬁ ththee”rqgﬁ\t/lg ns as the

 If FCC construction is
not officially approved
before 2030, the
CEPC proposal would
be resubmitted to the
Chinese government

FCC Feasbiy tudy Report | « Council has approved the

strategy and given CERN
a mandate to prepare
FCC-ee for a 2028
decision

FCC-ee Accelerator ]
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Are we ready for 2028 ?

1. Detector readiness
— Are we on a credible path to TDRs?
2. Physics + theory readiness
— Can we exploit the precision that the machine promises?

3. Machine / Running strategies / Possible descoping

— Do we know enough to define the machine — while preserving
physics flexibility?

4. Community / collaboration readiness

— Could we form strong experimental collaborations rapidly after
approval?

OXFORD
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