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91 km ring near CERN
for ee and hh collision
(and maybe more)
experiments

80 - 100 km
long tunnel
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(Some of) current FCC collaborators (G52 XK
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* Showing EC H2020 beneficiaries
ULIV, United Kingdom

Springer, The Netherlands

. o—DESY, Germany
| IFJPAN, Poland
KIT, Germany ?‘ 1
CEA, France °
— - TMFS, Austria
*—""MUL, Austria
Cerema, °
CETU, France ! o CSIL, Italy
. LD, Switzerland
INFN, Italy
CNRS, France l
USC, Spain
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Planned timeline G2

“We are here
.................... FCC-gg_ 10 years FCC-hh_
~ 15 years operation ~ 25 years operation
FeaS|b|I|ty Study m f ~ y i
™ ( ) FCC-ee dismantling, CE
Geological investigations, infrastructure Tunnel, site and technical & infrastructure
detailed design and tendering preparation infrastructure construction _ 2daptations FCC-hh
\_ VAN J

FCC-ee accelerator and detector R&D and technical FCC-ee accelerator and detector
design construction, installation, commissioning

High-field magnet
industrialization and
series production

Long model magnets,

Superconducting magnets R&D prototypes, pre-series

s L/IP (cm2s1) | Int. L/IP(ab') | Comments FCC-hh accelerator
ete ~90GeV  z| 230x10% | 75 2-4 experiments and detector R&D FUC-h accelerator and detactor
FCCcn 160 WW 28 5 and technical design construction, installation, commissioning
240 H 8.5 2.5 Total ~ 15 years of
~365 top 1.5 0.8 operation
op 100 TeV 5 x 10% o $+t26|expzesriments f D FGﬂSlblllty StUdy 2021 2025 3
- 30 - otal ~ 25 years o oo
e operation Q If project approved before end of
snn = 39TeV 3 x 1020 100 nb-1/ 1 run = 1 month
POPD e m IRV 9 b eration decade > construction can start
ep 3.5 TeV 1.5 10 2 ab” 60 GeV e- from ERL beginning 2030s
Fcc-eh Cpncurrent operation )
- with pp for ~ 20 years 0 FCC-ee operation ~2045-2060
- N=22TeV | 0.510% 1 fb-! 60 GeV e- from ERL o
;5:;% o ’ Concurrent operation d FCC-hh operation ~2070-2090++
with FDFD.

xunwu.zuo@cern.ch 4




Feasibility study Gy AT

Karlsruher Institut fur Technologie

2021 2022 2023 2024 2025

QI Q2 Q3 Q4 QI Q2 Q3 Q4 QI Q2 Q3 Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4

CDR baseline design adaptations for
new imgementation scenario

Status reports & )

study planning,

/

| | |
FCC Week & Review . implementation,
baseline design, g_[ganisaiio?, conrmunk]:cﬂion|

( high-risk areas site investigations, territorial integration & |
environmental initial state studies with host states

- 4
I I I I I I

FCCW followed by mid-term review:
general coherency, cost update
| | | | | |
detailed design towards FS report ]

* Total CERN funding for the
Feasibility Study 2021 - 2025:

100 MCHF material & personnel FCC Week 8I RevieIw: ker
* H2020 FCCIS DESign Siudy technology R&D programs 0 { FS Report
* Swiss CHART programme | | | | | Release FSR
* FCC collaboration resources Project cost update <[%>

xunwu.zuo@cern.ch 5



FCC week 2022

Review status on

* |nfrastructure & civil engineering

* Accelerator technology & design

* Physics, experiment, and detector
* Physics performance
* Detector technology & design

o Software infrastructure

Also, after two years of remotely
working, for people in the community
to catch up/get familiar with each other

xunwu.zuo@cern.ch
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Rh ee hea
F< : ‘ : We e k Karlsruher Institut fur Technologie
Version: 0.19 Date: 30.05.2022
Day Monday Tuesday Wednesday Thursday Friday Time
Room Plenary Parallel 1 Parallel 2 Parallel 3 Parralel 4 Parallel 1 Parallel 2 Parallel 3 Parallel 1 Parallel 2 Parallel 3 Parallel 4 Plenary Room
0 0 Cordeliers
Time FARABOEUF Room 105 | Room 107 | Room 109 | Room 116 ROUSSY PASQUIER - FARABOEUF | PASQUIER ROUSSY ’ FARABOEUF Time
03:00°09:30 / e Py | Fcswea FCC hh . FCCISWP3 | PED/ACC: | RF Points for I R
accelerator | Programme/ Socio PED: EPOL Technology Summaries
accelerator Placement | FCCee EPOL FCC-ee
09:30-10:00 FCCISWP2 | Performance| Econom 09:30-10:00
Plenary session
10:00-10:30 T. Raubenheimer |  S. Jadach G. Apollinari | E. Gianfelice F. Eder F. Willeke J.P.Tock R. Losito A.M. Valente| 10:00-10:30
10:30-11:00 L. Rivkin Coffee break Coffee break Coffee break Coffee break | 10:30-11:00
11:00-11:30 C break CCee Ph PED: 11:00-11:30
offee brea F . SR = Civil PED/ACC: | Electricity .
accelerator | Programme/ |Directions for Technology Detector Engineering | FCCee MDI | and Cooling Technology Summaries
11:30-12:00 | Plenary session FCCIS WP2 | Performance R&D Concepts 11:30-12:00
. : M. Chamizo . .
12:00-12:30 B. Heinemann M. Minty F. Blekman | O. Brunner S.Eno F. Bordry Uatas |. Ruehl T. Pieloni R. Aleksan | 12:00-12:30
12:30-14:00 Lunch break Lunch break Lunch break Lunch break 12:30-13:00
14:00-14:30 FCCee Phy Technology FCCee PED: FCCIS WPS PED/ACC: Tmnfpf)n & 14:00-14:30
injector FEB | PTOEa™™me/ | cpp S accelerator | 2" |cotiaboration| Fccee mpi | 'OESHS:
14:30-15:00 Plenary session Performance Concepts Safety 14:30-15:00
15:00-15:30 A_Grudiev |G. Cacciapaglia| A.M. Valente 0 A Faus-Golfe| F.Gaede |M. Chrzaszcz K. Oide C. Prasse 15:00-15:30
15:30-16:00 J. Mnich Coffee break Coffee break Coffee break 15:30-16:00
16:00-16:30 C break Ph F . 16:00-16:30
e FCCee y Technology : FCCee | TIGeodesy rance
injector FEB ST SRF OSED accelerator | andsu Foriied pecial
16:30-17:00 Performance vey Communicati session 16:30-17:00
Plenary session - on
) M. Chamizo X -
17:00-17:30 I. Chaikovska Uatas T. Proslier D F. Carlier A_ Wieser 17:00-17:30
17:30-18:00 M. Lamont . M. Chalmers Poster 17:30-18:00
Early Career [il&: .
Researchers DSED -
18:00-18:30 DRINK 18:00-18:30
18:30-19:00 WELCOME E. Rabinovici 0 18:30-19:00
RECEPTION .
19:00-19:30 Public event 19:00-19:30
19:30-20:00 19:30-20:00
(Réfectoire
20:00-20:30 ; 20:00-20:30
Cordeliers) VERRE DE
CONFERENCE DINNER L'AMITIE
20:30-21:00 20:30-21:00
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https://indico.cern.ch/event/1064327/

List of selected highlights G AT

iMain dishes

|(Physics opportunities)
- Electroweak physics
¢ My, Measurement
- Flavor physics
. B0 o Kt

. BT/BF - 171
/' QCD measurements
- Higgs physics
L. Higgs self-coupling

* Higgs mass

xunwu.zuo@cern.ch
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{Drinks |

(Experiment setups)

: « Detector concepts

i« Beam energy calibration}

f » Flavor tagging

i+ Software framework |

N.B. the menu does not
reflect the importance of
these projects, but rather
the structure of this talk

Desserts

(CiviI engineering |
jand logistics)




FCC-ee dataset

* Splendid datasets expected with a
plethora of physics opportunities

 EW precision measurement (Z, W, H, 1)
« QCD precision measurement (a,)
 Flavor physics (b, ¢, 1)

 Rare decay searches

 BSM particles (ALPs, dark photons,
LLPSs)

 Meanwhile, experimental challenges-
opportunities for tracking, vertexing,
PID, jet tagging, etc.

xunwu.zuo@cern.ch

&

Karlsruher Institut fiir Technologie

- - =
q(lf) e . Z(91.2GeV):46x10 cm™s ° M R :
E B ® FCC-ee (with 10% safety margin) =
O B B 1LC (250 GeV baseline) -
go 102 [ECTRRIII—. - R ————————————————————————— N ILC (with Jumi/energy Upgrade) ... —
- = N W'W (161 GeV): 6.4 x 10% cm2s” A CLC (Baseline) =
z‘ = ' Y CEPC (100km, double ring) -
B B g
8 B b “Na HZ (240 GeV) : 1.6 x 10 cm?s™! -
é 10 o °,'.,’.,°..1,.. ................................................................................................................................................................. —
- = -
i - X
- “a 1t (350 GeV) : 3.6 x 10* om . b -
- ft (365 GeV) : 3.0 x 10* : -
1 B e HZ:08-13x10 ¢ WS': .............................................................................................................................................................................. —
— | . w
102 10°

\'s [GeV]

Dataset Operation Events o(Eqyp)

12
Z 4 years 5 X 10 0.1 MeV
WW 2 years > 108 0.3 MeV
ZH 3 years > 10° 1 MeV
tt 5 years 1 x 10° 2 MeV
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Detector concepts Gy AT

Requirements: Mogens Dam at FCC Week

* Higgs and top: lepton CLD IDEA Noble Liquid ECAL based
momentum, flavor tagging ~

Instrumented return yoke

Double Readout Calorimeter

2T coil

Si Tracker

Ultra-light Tracker

MAPS

11m

e /. extremely accurate
acceptance, stable B field, lﬂ.
lepton momentum

\ LumiCal

re-shower counters

12 m

1288e] uonyy

A

v

13 m

v

< 10.6 m

* W: jet angular calibration

Well established design
e |LC-> CLIC detector -> CLD
Engineering needed to make able to
operate with continous beam (no pulsing)
* Cooling of Si-sensors & calorimeters
Possible detector optimizations?

 Adesigninits infancy

High granul Noble Liquid ECAL is the core

* Very active Noble Liquid R&D team

* Readout electrodes, feed-throughs,
electronics, light cryostat, ...

* Software & performance studies

* Less established design
e But still ~15y history: 4t Concept
 Developed by very active community
* Prototype construction / test beam
compains
* |taly, Korea,...
* |Is IDEA really two concepts? Or will it be?
* W, w/o crystals

* Flavor: vertex precision, PID

* LLP: far reach of tracking
1t * 0,/p, o¢/E
Capabl I Ity . PIDp(0(10 ps) timing and/or RICH)?

e Full simulation of ECAL available in FCCSW

* Software under active development
* Being ported to FCCSW

 Robust software stack
* Now ported (wrapped) to FCCSW

xunwu.zuo@cern.ch


https://indico.cern.ch/event/1064327/timetable/?view=standard#166-detector-concepts-overview

Electroweak physics G2 ﬂ(“'

‘Paradigm shift;
Before the LHC, people had a clear “plan” for discovering new physics.
After 10 years of the LHC, no hint of specific BSM models.

Instead of direct searches for various signatures, examine SM very precisely to understand:
what kind of new physics to expect, and at what energy scale.

Unparalleled opportunity:
The “ultimate” Z dataset (5 x 10'%) in our era (likely also for the far future).

:The cleanest possible way to measure W and t properties.

IBring humans’ knowledge of EW physics to a completely new level. |

xunwu.zuo@cern.ch



Electroweak physics

 (O(10-100) times more precise than the
current best measurements

 EXxpected to be sensitive to new
physics described by dim 6 operators

up to A ~ 70

TeV.

* Clues for what to expect / not to

expect at FCC-hh

In many cases,

Gsyst

> Og141

 Fundamental improvements to be
done in experimental techniques and
theoretical calculations.

xunwu.zuo@cern.ch

arxiv:2106.13885

Observable present FCC-ee |FCC-ee Comment and
value + error| Stat. Syst. leading exp. error

my (keV) 91186700 =+ 2200 4 100 From Z line shape scan
Beam energy calibration

I'; (keV) 2495200 £ 2300 4 25 From Z line shape scan
Beam energy calibration

sin“ 6y (x10°%) 231480 =+ 160 2 2.4 from A% at Z peak
Beam energy calibration

1/aqep(mz)(x10%) 128952 + 14 3 small from ALL off peak
QED&EW errors dominate

Ry (x103) 20767 £ 25 0.06 0.2-1 ratio of hadrons to leptons
acceptance for leptons

o, (my) (x107) 1196 + 30 0.1 [0.4-1.6 from R; above
Ohaa (X107) (nb) 41541 + 37 0.1 4 peak hadronic cross section
luminosity measurement

N, (x10%) 2996 £ 7 0.005 1 Z peak cross sections
Luminosity measurement

Ry, (x10°) 216290 + 660 0.3 < 60 ratio of bb to hadrons
stat. extrapol. from SLD

Apgp, 0 (x10%) 992 + 16 0.02 1-3  |b-quark asymmetry at Z pole
from jet charge

APOST (x10%) 1498 + 49 0.15 <2 T polarization asymmetry
T decay physics

T lifetime (fs) 290.3 + 0.5 0.001 0.04 radial alignment
7 mass (MeV) 1776.86 4+ 0.12 | 0.004 0.04 momentum scale
7 leptonic (pv,v,.) B.R. (%) 17.38 4 0.04 | 0.0001 | 0.003 e/p/hadron separation
my (MeV) 80350 + 15 0.25 0.3 From WW threshold scan
Beam energy calibration

I'w (MeV) 2085 =4 42 1.2 0.3 From WW threshold scan
Beam energy calibration

o (miy ) (x107) 1170 =+ 420 3 small from R,
N, (x10%) 2920 = 50 0.8 small ratio of invis. to leptonic
in radiative Z returns

m, (MeV/c”) 172740 + 500 17 small From tt threshold scan
QCD errors dominate

[iop (MeV/ ) 1410 + 190 45 small From tt threshold scan
QCD errors dominate

Atop/ ,\tsj‘g 1.2 + 0.3 0.10 small From tt threshold scan
QCD errors dominate

ttZ couplings + 30% 0.5 — 1.5%| small From /s = 365 GeV run

11



https://arxiv.org/abs/2106.13885

Electroweak case - myy,

Scan production threshold

e Clean and robust measurement

—
N

FCCee W-pair threshold

o(WW) (pb)
T

. ——m,=80.385 GeV TI',=2.085GeV
m,,=79.385-81.835 GeV, I'\,=2.085 GeV
m,,=80.385 GeV, I',=1.085-3.085 GeV,

FCC CDR

55 160

|
165

170

s (GeV)

ED AT

SM o(1my;,) = 6 MeV, CDF o(1my,) = 9 MeV

Isruher Institut fiir Technolog

Expect 6(my;) ~0.25 MeV at FCC-ee

Overvuew of mu, Measurements (Matthlas Schott)

B ico o . : :
Fepcxsaony mation '-_': e — | SM (Gfitter — 5
& | I LEPILHC/DO Aver.
- ® Measurement
& - Stat. Unc 5
a[’)’g’ ggggg%) _ = Total Unc —
-Relative Unc.
ata A e m -
IS - e m I —
S, 2022 e -
Chrlstoph \Paus at FC%C Week ]
""""""""""" 80300 80350 80400 80450 80500 0.02 0.04
m,, [MeV] Rel. Unc. [%)]

Note: can also be measured from the reconstruction side at FCC-ee and used
backward to examine the complex techniques developed in hadron experiments

xunwu.zuo@cern.ch



https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://indico.cern.ch/event/1064327/timetable/?view=standard#155-ew-precision-performance

ST
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Beam energy calibration ED

Calibration by resonant depolarization

* Precession frequency for polarized
electrons is directly related to beam
energy.

* Spin tune, the number of precession per
tunnel-cycle defined as.

L= Se” 2Ey _ £ (inGeV) ~~ o _ Alain Blondel at FCC Week _ _ - g
2 m,  0.4406486(1) SN e ==
. The RF k|Cker Synchr()mzed W|th the C=97.75 km, 45.59 GeV, Q s=0.025, o 5=0.00038, w=1*10"-4, '=0.5*10"-8

precession frequency would gradually tilt
the spin direction to the horizontal plane
(vertical depolarization)

| | ECC CDR

.
L
.

W1

g

Vertical Polarization
o o
b &

, o

- 0.
- 6.002 - 0.0015 -0.001 - 0.0005 0 0.0005 0.001 0.0015 0.002

Flipper frequency detuning: v - ~a

xunwu.zuo@cern.ch 13


https://indico.cern.ch/event/1064327/timetable/?view=standard#171-ped-overview-centre-of-mas
https://link.springer.com/article/10.1140/epjst/e2019-900045-4

Flavor physics G AT

Karlsruher Institut fur Technologie

. With 5 x 10'* Z bosons Attribute Y(4S) pp Z°
- All hadron species v
- 10“ b quarks High boost < v
Enormous production cross-section v
0/p+ -1
» about 13x as many B"/B™ as Belle Il (50 ab™)  Negligible trigger losses s /
. - i Low backgrounds v v
All species of b-hadrons are produced L / (/)

. 10'% ¢ quarks, 3.3 x 10!! z leptons

 about 10x as many c-hadrons as Belle Il (50 ab~!) Belle |l physics book

« about 8x as many 7 as Super tau-charm factory STCF slides

* Decay products significantly boosted
e LFVZ —> tu, Z— ne, Z — te decays
* More opportunities in H-dataset (LFV decay) and WW-dataset (CKM measurements).

iNext-generation machine for all flavor physics|

xunwu.zuo@cern.ch


https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://indico.inp.nsk.su/event/13/contributions/572/attachments/317/360/02_TauSTCF.pdf

Flavor case - BO —> K*T_I_T_ <':CC >> ST

Karlsruher Institut fur Technologie

« Compare with current LFVin b = s£°¢ 5 .~ )
between e and u e 5 @
_7 BY W+ K0 \r.'
» Super rare decay BRg,; ~ O(107")
- _ d d d
’ Current Ilmlt at 10 3 (frOm BaBar) TriStan ll\'illi'l&rl‘ll I§¢§ Wil :tS(‘ S()Q(QillWl@ll'il lllklllll)(‘l' ()f(‘\'(‘llt

° H|gh|y Sensitive to BSM enhancements PV (3.0um) & SV & TV (20.0um. 3.0um) SMEARED

Core 0 = 33.8 .\l(‘\'/('z

* Strong case to study/demand detector
performance

Core ganssian fraction = (.26

Probability to identify a 7 = 0.93

 Backgrounds are overwhelming, but the
signal is still visible

— sig fit

Bl Bd2KkstDsDsDs2TauNu

BN Bd2KstDsDsDs2pipipipi()

El Bd2KkstDsTauNuDs2TauNu

B Bd2KstDsDsDs2pipipipiOpi0

B Bd2KkstDsstDsDsst2DsgammaDs2Taunu

 (WIP) significance ~ 3

Candidates / (0.030 GeV/c?)

* To further reduce backgrounds

4.6 4.8 2.0 2.2 0.4 2.0 2.8 6.0
m(K*[3n],[3r],) [GeV/c]

xunwu.zuo@cern.ch


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802
https://indico.cern.ch/event/1064327/timetable/?view=standard#162-b-to-k-tau-tau

1000+

0
-
-

(@)
(-]
()

400

Candidates / (0.8 GeV/c?)

N}
(-]
(-]

ﬂ(IT

Karlsruher Institut fiir Technologie

P 4
Flavor case - B¥/BT — tu_ g,)

b g8

Decays suppressed by CKM \\//
e Still, millions of signals at FCC-ee " Ravn
Efficient background rejection and little e
cross-contamination C vy C s

Interpreted with lepto-quark model

Measure |V | and |V ,| , or constrain
BSM models
+ (T}e:irzted data s00 {  Cenerated data
éﬁgfu% 700 foral Bt
-, + I gi—>T+VT
600- =TV

B Background B DBackground

400

Bu cat. Bc cat.

Candidates / (0.8 GeV/c?)

100+

%5 30 35 40 45 50 0
Maximum hemisphere E [GeV /c’]

25 30 35 40 45 50
Maximum hemisphere E [GeV /¢’] R D(*) / R D)

xunwu.zuo@cern.ch



Flavor tagging

Crucial to all studies with hadronic
final states

Benefit from excellent vertexing and
PID performances.

Additional (novel) opportunities for
measurements in the strange sector

Irreplaceable opportunities to study
light g-jet vs g-jet properties with
standard candles of Z — gg and

H — gg samples

xunwu.zuo@cern.ch
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FCC-ee Simulation (IDEA)

FCC-ee Simulation (IDEA)
1 l 1 T 1 I ] Ll 1 ' I T 1 I 1 1 1 I

1: 1 1 1 ' 1 ] 1 ! I 1 ! I I 1 l
u e+e-—)Z;H,H—)jj§

(=Y
T

- e*e'aZZ'H,Hejjé

b tagging ¢ tagging

j=udscbg j=udscbg

Ll OO SR . s
107 —cvsg

(=Y
=
[
O
<
7))
Q

- =——cvsud
- =—cvVsh

jet misid. probability
jet misid. probability

[

<
N
!

10—2 s ............................ ...................... ...................... =

0 02 04 06 _ 08 1 =P 02 04 06 _ 08 1
jet tagging efficiency jet tagging efficiency

Kunal Gautam at FCC Week

FCC-ee Simulation (IDEA) . FCC-ee Simulation (IDEA)
Y l ! . ? ! ! | ) : 1 1 ) ' T 1 1 I T 1 I ! 1 1 1 ' Ll 1 I

- e*e'—>Z§H,H—>jj§

=
T

C ete »ZH, H-jj

st;agging gtiagging

j=u.d,s,c,b,g j=udscbg

E  e==SVEQ

[
~
[y

10—1 ot ............................ ...............

- =—svsud

jet misid. probability
jet misid. probability

~ =——svVsC
S VS b

e mmgut SEECEELRRIIRSRIROROED ......... <L AT ............................ ..................... —]

.

o
N

=

o
N
|

sl o, e s DL < { vy on gl B0 B o oy fsovs eqow TERS
06 08 1 0 0.2 0.4 0.6 0.8 1
jet tagging efficiency jet tagging efficiency
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https://indico.cern.ch/event/1064327/timetable/?view=standard#129-jet-flavour-tagging-at-fut

QCD

« a, measurement matters for all decays
« Many ways to measure a, at FCC-ee

* Clean and abundant data events to study
jet substructure, parton shower, and
hadronization.

* High demands for QCD calculation

» QCD syst is the leading uncertainty for
some EW measurements

* Improvements needed in high order
calculation and resummation, and color
reconnection

xunwu.zuo@cern.ch

0.35

ay(Q%

0.3

0.25

0.2

0.15

0.1

0.05
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T decay (N 3LO) F=—

% (1) T decays low Q2 cont. (N3LO) o

DIS jets (NLO) =+

\ Heavy Quarkonia (NLO)

\ . e'e jets/shapes (NNLO++res) H=—
\ (2) lattice pp/pp (Jets NLO) e
EW precision fit (N LO)y—=
\ pp (top, NNLQO) v

(3) QQoar

' (4) PDFs .
(5) e’e Jets (shapes, rates)
(6) Z, W decays 1
i o ,£7) pp-ttbar
REE g e'e ot ttbar

A 4
<

: ”J.':E:._l

= a,(Mz*) =0.1179 +0.0010

L R | 2 M ST A |

10 100 1000
Q [GeV]




Higgs physics G AT

Karlsruher Institut fur Technologie

Christophe Grojean at FCC week » Complementary to Higgs
programs at HL-LHC (4 x 10°)
A Al A AR MRS and FCC-hh ( > 10'%)
£ 25 106 HZ events wemr—r
% 2ol W= events —WW S H » Higgs mass and width

N
o
o

Illlllllllllllllllllllll'l

e Higgs to light quarks and
gluons decay.

150

. * Higgs to invisible decay
1.5 ab' at 365 GeV

200k HZ events

100

|llllllll|llll|llll|ll

« H — e coupling from direct

50 o0k WW—>H§events’_: Dro duction.
%0 220 Iziol a0 20 a0 a0 340 lseloi a0 M;oo “ “ o Most cost-effective €+€_ nggS
's (GeV) factory
Electricity bill per nggS boson FCC Q&A e Linear colliders are limited by
Collider ILCo50 CLIC350 | FCC-eesaqp luminos |ty
Cost (Euros/Higgs) | 7,000 to 12,000 2,000 255

xunwu.zuo@cern.ch


https://indico.cern.ch/event/1064327/timetable/?view=standard#175-fcc-physics-case-the-once
https://arxiv.org/abs/1906.02693

Higgs physics - experimental coverage &= XIT

Karlsruher Institut fur Technologie

* Unique opportunities in FCC-ee are under study

 Many more essential measurements to be covered

. ... [performance meetings: Nov, March and May] _ see BSM talks this afternoon
Ong0|ng activities [more details in J. Eysermans’ talk] EXOt|Ca |arge|y untouched | |
- CPV
- ZH cross section and my, (recoil of Z — p* = and hadrons) CH s (planned)

) - differential ZH
- H— bb,cc,gg and s5 (Z — 10, v, jj)

. H— 77 (+ CPV + light scalars at Z pole) + Quark flavour violation
H — bs,bd,cu (extending H — hadrons analyses)
. H — invisible (Z — ete~, utu~, bb, qq) and four-body?

- self-coupling through loops
- recoil with Z — u™u=, qg at 240 & 365 GeV
- VFB visH(bb) and ete~ H(bb) at 365 GeV
- combination with di-Higgs at FCC-hh

- Lepton flavour violation

H — tu,7e,ue (extending H — 77 analysis)
and four-body?

: : : . ' ?
. dlﬂ:erentlal ZH —> 4f for anomalous COUpIIngS [Beneke, Boito, Wang '14] More exotic decay'
[Craig, Gu, Liu, Wang '15] - H— XX, Zx — 4f [Curtin, Essig, Gori, Jaiswal, Katz et al. "13]
- diSp'QCGd, Iong—lived, invisible [Cepeda, Gori, Outschoorn, Shelton '21]
- ete- - H
Gauthier Durleux at FCC week
Gauthier Durieux — FCC Week — 31 May 2022 Gauthier Durieux — FCC Week — 31 May 2022 13
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Higgs case- Higgs self-coupling
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* Direct production of HH is very rare at FCC-ee

* Self-coupling indirectly probed through loop correction to

ZH and VBF processes

Ve Ve
et > 5 — g . e - - AB
rh., & Wigrs & YNLO = Zu2ro(l + kaCh) AX = Tsm
i~ il ¥
Ve Ve
e~ sk ar - o —— e,
o025 —mm—mm—m—— | 16—
‘ o o . . ~ EOL D T
: i - VI I n - = i" 240 GeV Z(upu)H
- ArXiv 171103078 EXPect 1% - 2% deviation =% ¢ T e
: : : frOm LO (eXperlmental o ‘ ..... +365 GeV VBF
hiHE | precision at per-mille level) o
0.010} E 2 |
i Complementary L A " S
e e'e »vvh : o ¥ ,;} \
hiter | R measurements with « f } y Dmemnae |
. different energiesand | v
........................... " 21— % _/./, :"
P50 300 350 400 450 500 production moades . S SR, . B
e -2 l}0 l 2 4 l6l 8.““&'"10l l12l
Vs [GeV] Jan Eysermans at FCC week ox,
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Higgs case - Higgs mass

 With ZH events, measure Higgs mass from the recoil of Z

2 A 2 _ 2 2
My =M coil = (\/E o EZ) — Pz

1000 FIcllcelel ISlrInUIIatiolnl I [T I vIgl =I ?40I IGIe\I/,I I5 aIbl I_1

 With Z — uu channel,
o(my) = 6 -9 MeV,
depending on detector
resolution

900 |-

800 -

Events / 0.1 GeV

700 -
600 -

 Compared to current LHC soob— |1 I ________________
reSUItS Utot(mH) > 100 I\/IeV 4oo§ --

inwhich o, (m,) S 100MeV 4 || B

200 i _,';z! ek el W Rt .................

4II|IIII|]IIIIIIIIIIIIIII|IIIIIIII|IIII

e Possible to reach ~20 MeV
at HL-LHC with significant I

amount ()f WOrk 2o 122 124 126 128 130 132 134 136 138 140
Mee (GEV)

100 5

-2ANLL

2

1.8

1.6

1.4

1.2

1

0.8
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FCCee Slmu/at/on 's =240 GeV, 5 ab 4

‘z"l'l'l"
]

S— IDEA mh-125 000 GeV +6.70 MeV /

"""" — IDEA FullSilicon m =125.000 GeV £ 9.01 MeV |~
— IDEA 3T m,=125. 000 GeV £ 5.78 MeV

III|III|III|III|IIIII

| | | | I I | | | ’ | | | | | | l |

124.99 124.995 125 125.005 125.01

m, (GeV)

Jan Eysermans at FCC week
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Higgs physics

» Higgs programs at lepton collisions and hadron  [Gollider T HL.LHC Fccéz‘% FCC INT
collisions are complementary. Lumi (ab ) 3 5+ 0.2+ 1.5 30
. Years 10
* Sub-percent precision for most measurements p— 7 TE ,
at FCC gaww (%) 1.7 0.44 /0.41 [ 0.20, 019 |
. - - gy (%) 5.1 069 /0.64 | 0.48/0.48"
Challenges for theory to match this precision g (%) M } 137 1.3 0.96/0.96
What theory precision? et Henemerer ees 9 JHgg (%) 2.5 - 1.0 / 0.89 0. 52/ 0.5 fif
- Grirr (%) 1.9 \0.74 / 0.66 | 0.49/0.46
: 2-Ioz]|c)f-thI;II| r;e::if:isgor < 1% unc. and possibly achievable JHuL (%) 4.4 8 9 / 3. 9 O 43/0 43
Gty (%) 1.8 3.9 / 1.2 0.32/0.32
- Partial 2-loop VBF possibly achievable and sufficient gHZ~ (%) 11. — / 10. 07]_/07
- Off-shell WW production at 2-loop requiring significant effort IHtt (%) 3.4 10. / 3.1 10/095
o - 44./33. 24
- Factorisable NNLO QCD to H — VV* — 4f decay achievable JHHH \/0 . 4 o
o (%) SM % S B (X T
- N*LO H nd m, dependen N3LO needed for < 1% . NSO RS ——
unc. and ;:)fs}gbf; reacllj1abelze e s e BRinv (%) 1.9 0.19 .
BR SM (0.0 1.1 1
- One-loop SMEFT automation ongoing BXO (%) ( )
[Degrande, GD, Malton u, Vryonidou, Zhang '20] IN/"
GGhaUthl_gcch[?LirJ%OszzX at FCC Week ) arxiv:2106.13885
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Software tools - key4hep D

Goal create a software ecosystem mtegratmg various tools and provrdmg a standard workflow )

Gerardo Ganis at FCC week

 Complete set of tools for all steps in

HEP experiments Event Data Model: EDM4hep
 Ready to use, straightforward to learn, T
centrally maintained

e Synergy and unification across all major
future collider experiments

Analysis

struction

\ pyerlay \ Je\tk(!:rlt:s)?:r?ng
¢ FCC, CLIC, ILC, CEPC, and EIC | D-lrgffcz;:cgm Flavor Tagging |
~ PFA 4
P . P .

* Led by a small core group at CERN

[ Detector Geometry: DD4hep T

* Software and computing co-convened by our own Clement Helsens

xunwu.zuo@cern.ch
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Software tools - analysis workflow (G,

Common framework for all FCC analyses Clement Helsens at FCC week

Data processing: https://github.com/HEP-FCC/FCCAnalyses

* With common utilities for object reconstructlon and kinematic calculation

) ----------------------)
, 3

¢ Selected and
fmerged events

Pre selected and
processed events

| Database of al :

jsamples : - anaIySiS_S’[age ’,: Selected gnd t
‘Batch with Ficonde l(oranches)p i Batchor local

analysis_stage1 § analysis_final

! Local brocessing | (custom branches) §
} (custom branches) { P 9 U |

{ Early-stage studies: | t Analysis optimization: § P
! t Final fits and plots
$ Object efficiency, | :
} phase-space
jselection, etc.

Specific studies: httos //glthub com/zuoxunwu/FCCeePhysmsPerformance

tFinal selection, fit |
| strategy, etc ‘

iComplete workflow |
ican be runin 1-2 days

* With common utilities for usual analysis studies and plotting

xunwu.zuo@cern.ch
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N [m]

Civil engineering

e Horizontal coordinate: set coordinate
reference
 Fluid field of the land
* Many different coordinate systems

* (Coordinate precision at mm level

Projection plate_carree, ITRF2014 avec vitesses horizontales

0.9

- Sebastie

0.8

n'éunlaume al Efe

-

0.7

&
o

0.6-

0.5+

0.4

0.3
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D T

* Vertical coordinate: gravity field and
Geoid measurements

* Definition of “vertical” varies point-by-

point
» Affects height measurement at cm
level
W ) _§
w4

Jﬁii\a 4zumi Koch at FCC week

Equipotential
s.urface

Bending of the |
vertical

. / levelled \ il b
P R 7 / N

.

— Deviation of the —
L vertical _— Geoid
= N
L Orthogonql to L -

the ellipsoid
Deviations of the vertical Ellipsoid

v \ on the geoid level

(Swisstopo, 2022)
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Cristiana Colloca at FCC week

 (5.5m ring as both the collider ring and
the transportation tunnel -

[ Not to scale )

* Both booster ring and collider ring S
include ~10000 magnets a— e pae

N Service caverns
e Connection tunnels

» Electric vehicles for transporting —.m
both people and material e
, 3770 ,
25500
100

 About 9M cubic meters

of excavated material .
: ;2 Freefor_ ) §
* Re-use for : 13 W =180 m
: \ 1ol H=2.50
construction \ /| F
 Assess pollution risk 005 |
2120
| 11101870 | 2370
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Cost estimate G)

Construction cost CERN-ACC-2019-0007

400 iInowhich for detectors

Domain Costin MCHF | / 1200 Michael Benedikt at FCC Week
Stage 1 - Civil Engineeting 5400 | / 1000
Stage 1 - Technical Infrastructure 2,200 [** 800
Stage 1 - FCC-ee Machine and Injector Complex 4,000 oo
400

Stage 2 - Civil Engineering complement 600 200 I
Stage 2 - Technical Infrastructure adaptation 2,800 0 m m N I I H

, , A8 & & m o ARF&Z{SSS‘QEQQQ@Q%
Stage 2 - FCC-hh Machine and Injector complex 13,600 2 8 8 = = 8 8RB RR R R

mCwvilEngneering mTechnkal Infrastructure  m Accelerator Detector
TOTAL construction cost for integral FCC project 28,600
- CERN Meyrin, SPS, FCC Z W H 1T
Operational cost d
Beam energy (GeV) 45.6 80 120 8255

1.5 - 2 times the power consumption of LHC Energy consumption (TWhiy) 182 192 209 254
LHC operational cost in 2018 is ~250 MCHF (CERN budget 2018) Jean-Paul Burnet at FCC Week
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KIT contributions Gy AT
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Group members: Markus Klute, Clement Helsens, Xunwu Zuo

Projects: Management roles:
e Software and computing  Markus in FCC conference committee
 Key4hep, EDM4hep, analysis framework * Clement in Software & Computing
. coordination
 Sample generation and management

* Physics performance
. B™/B — 17u_searches
 (Planned) H — 77t measurements
* (Planned) Search for new scalars (h) in Zh production

» (Planned) 7-ID algorithm and performance

* Technical support

 FCC conference webpage
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