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The Higgs field: one of the two pillars of

12/9/2022 eeFACT@INFN Frascati 2



Known Unknowns of the SM

Inflation «_

 Inflation
 Mass hierarchy

 Neutrino mass & Oscillation . ! ot

e Matter anti-matter asymmetry
* Vacuum stabilities: depends on particle mass
« Dark matter, Dark energy: nature & origin of its/their mass

« Naturalness: EW (Higgs mass) V.S. Planck scale
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Known Unknowns of the SM

* The Clue:

e [nflation

 Mass hierarchy

* Neutrino mass & Oscillation

* Matter anti-matter asymmetry
* Vacuum stabillities: depends on particle mass

« Dark matter, Dark energy: nature & origin of its/their mass

* Naturalness: EW (Higgs mass) V.S. Planck scale
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Higgs measurement at e+e- & pp

DRUID, RunNum = 0, EventNum = 5401

CMS Experiment at the LHC, CERN  §
a recorded: 2012-May-27 23:35:47.271830 GMT
n/Event: 195099 / 137440354

Yield efficiency Comments
Run 1: 10° High Productivity & High background, Relative
LHC ~0(107) Measurements, Limited access to width, exotic ratio,
Run 2/HL: 1078 etc, Direct access to g(ttH), and even g(HHH)
CEPC 106 ~0(1) Clean environment & Absolute measurement,
Percentage level accuracy of Higgs width & Couplings
12/9/2022 eeFACT@INFN Frascati Com p I em en ta ’y 5




Electron Positron Higgs factories

' High-priority future
Initiatives

An electron-positron Higgs factory is the highest-priority next collider. For the

longer term, the European particle physics community has the ambition to operate

a proton-proton collider at the highest achievable energy. Accomplishing these
compelling goals will require innovation and cutting-edge technology:

DELIBERATION DOCUMENT

ON THE 2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

The European Strategy Group

Europ%ar} SLtrategy
Update
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FCC (b):
CEPC (c):
CLIC (d):

TDR @ 2013
CDR @ 2019
CDR @ 2018
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Yields of the CEPC

* Tunnel~100 km, baseline SR Power/beam 30 MW, upgradable to 50 MW
« CEPC (90 — 240 GeV)
- Higgs factory: 4M Higgs boson (10 years, 2 IP, 50 MW)

» Absolute measurements of Higgs boson width and couplings
« Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: ~ 3 Tera Z boson (2 years, 2 IP, 50 MW), 100 M W boson (1 year)

» Precision test of the SM, measure W boson mass to 1 MeV level via threshold scan
» Rare decay + QCD studies
* Flavor factory: b, c, tau
* QCD studies
« Upgradable to ttbar threshold (360 GeV): 500 k ttbar event (5 years, 2 IP, 50 MW)

.« SPPC (~ 100 TeV)

- Direct search for new physics

- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

See also: 2205.08553

« Heavy ion, e-p collision...
12/9/2022 eeFACT@INFN Frascati
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Detector & Software

Physics Physics
Models Parameters
Wh iza rd ‘ # T
Parton Physics Object

_ Pythia
- Fragmentation

: o Fast Reconstructed
MCParticle H\'\r-\\?imulatiorL/,,/'/' > Particle
//"’thkka Pl\t\J\s\\\\
G 4- -Simu lation
Simulated _ _
Detector Hits Tracks & calorimeter hits

Detector Hits

-_—
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AU./0.8 GeV

A.U./0.067 GeV

Reconstructed Hig

0.1

0.1

240Gev
I vvHiggs.Higgs — bb

o
o
@
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Myiginie [GEV]

0.1

240Gev
| vwHiggs,Higgs—

 Mean 125
| Sigma 0.240

m,,, [GeV]

Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level

AU./0.8 GeV

T T
240Gev
| vwHiggs,Higgs — cc
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o
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&
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gs Signhat
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A.U./0.8 GeV
o
o
o

L B e e

Vs = 240 GeV
B vvH, H -» WW*

L[] ww* - qqaq
L] wwx S qaiv
CL T wwe sy

A.U./0.8 GeV

0 50 100 150
Myigipie [GEV]
-
Vs = 240 GeV
vwH, H —» ZZ*

[JZ — Vis,Z *— Vis
[[1Z — Vis, Z*— Invis
B Z — Invis, Z*— Vis
[[0Z — Invis, Z*— Invis

?10 115 120 125 130

T Ll
0 50

Myisipe [GEV]

0 50 100 150

Myisile [GEV]

ures

> 0.05

® L

O [ CEPCCDR

g L VVH, Hoyy

~ 0.041

5 L

< — Baseline
0_03; Intrinsic
0.02
001

80 90 100 110 120

—sig

. —sz

Entries/3GeV

Right corner: di-tau mass distribution at qqH events using collinear approximation
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Entries/(.2 GeV

Model-independent measurement of o(ZH)

Zhenxing Chen & Yacine Haddad

. 210’
: CEPC Preliminary CEPC Preliminary g i '[' I|2IHI|nl1'_=I1£5.E.|I:U; Ip::tlie_l. ‘;*]' =Ii.'llll.{'.|ihl T
s [Ldu:hh" I:r’r:Jld1:5ah' = - I WW— qgag
3000~ : 1500 e S L [ Lat=sao”
B —— CEPC Simulation #— CEPC Simulation > L 22— g0
- —— 5+B Fit - L —— S+B Fil w r E82z- g R
- - B E 2 q4q — |_
» —— Signal ~=|il —— Signal 200 = 1 =
| —— Background ':....f Background r I
- L L
20007 0.9% <} 1000 1.5% F 0.65%
S \ L
- ' C
E 100 |
1 = 500
50
1 - - “ I i . | , o
120 125 Jﬂl_l.’n[ll 135 140 120 125 130 135 140 100 110 120 130 140 150
M, ol G€V] M; 5 [GeV] MyecoilGEV]
2

* Recoil mass method. Combined © P2 . AN 7 “ P4
precision: o s + 9 Re Nz A S W
50(ZH)/o(ZH) = 0.5% - n >” \ 2 VAR ( VA )

5g(HZZ)/g(HZZ) = 0.25% e “h S

5240 = 100 (207 + 0.0148,) %

 Indirect Access to g(HHH)
M. McCullough, 1312.3322
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Higgs benchmark analyses

T T

s CEPC Simulation CEPC 2018
300 — s+BFit 5.6 ab™, 250 GeV
- Signal ZH—=Zy—wagy
250 - .
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Fig. 15.  (color online) The distribution of the mass differ-

Higgs 4
Final
states

qQq,
99

HH, vy

WW, ZZ,

12/9/2022

qaq ffH
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6 GeV

Events/2

10 =
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precision reach of the 12-parameter EFT fit (Higgs basis)

HIll LHC 300/3000 fb'Higgs + LEP e’e =W
Il CEPC 240 GeV (5.6 ab™), without/with HL-LHC
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BR (h—Exotics)

Higgs BSM Decay modes

95% C.L. upper limit on selected Higgs Exotic Decay BR

1
m HL-LHC
m CEPC (5.6ab™)
-1
10 o CEPC" (5.6ab™
10
107
10

MEp (bb) A&Z%vt Mg? " Aé}%% MEJ{P * MEFMESPD) (661°0) (ce) W Gi) P8 (2ef ™) (20) D) () 70) (3

Chinese Physics C  Vol. 43, No. 4 (2019) 043002
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Measuring Higgs width

* Method 1: Higgs width can be determined directly from
the measurement of 6(ZH) and Br. of (H->ZZ*)

[H—ZZ*)  o(ZH)

i3 X —— ~_~ Precision : 5.1%
" " BR(H —» ZZ*) BR(H — ZZ*) ~

r

* But the uncertainty of Br(H->ZZ*) is relatively high due to low
statistics.

* Method 2: It can also be measured through:

’ I'(tH — bb)
'y x BR(H = bb) a(vieH — vibb) < T'(H — WW?*).BR(H — bb) =T'(H — bb) - BR(H — WW™)
3.0%

['(H —bb) o(vPH — ;»'Ifhr‘n:-‘i'// Precision : 3.5%
BR(H — bb) ~ BR(H — bb) - BR(H — WW")

'y o

* These two orthogonal methods can be combined to
reach the best precision. Precision : 2.8%

With 5.6 iab @ 240 GeV

12/9/2022 eeFACT@INFN Frascati 15



Physics reach via Higgs at CEPC

240 GeV, 20 ab™!|  360GeV, 1 ab~!
ZH vvH ZH | vwwH | eeH
inclusive 0.26% 1.40%| \ \
H—bb 0.14%| 1.59% |0.90%|1.10% |4.30%
H—cc 2.02% 8.80%| 16% | 20%
H—gg 0.81% 3.40%(4.50% | 12%
H—-WW 0.53% 2.80% (4.40% 6.50%
H—-ZZ 4.17% 20% | 21%
H— 11 0.42% 2.10%(4.20% |7.50%
H — vy 3.02% 11% | 16%
H — pp 6.36% 41% | 57%
H — Z~ 8.50% 35%
Brypper(H — inv.) |0.07%
Ty 1.65% 1.10%
12/9/2022

Precision of Higgs coupling measurement (kappa0 fit)

Relative Error

m HL-LHC S1/82

m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab

Precision of Higgs coupling measurement (kappa3 fit)

10"

Relative Error

eeFACT@INFN Frascati

10—2_

= CEPC 240 Gev @ 20/ab
a CEPC0GV@iab

BSM
Kp Ko Ky Kw K Kz K, Kk, BRGY kp
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Hadronic system (jet)

Core of e+e- Higgs factory Physics measurements

- 97% of CEPC Higgs events are hadronic/semi-
leptonic
|dentify the hadronic system in semi-leptonic events

- lepton identification & missing energy

4-momentum measurement of the hadronic system:
BMR: Invariant Mass Resolution

Jet response: essential for differential measurements

- Color-singlet identification Identify the origin of each
final state particle: Jet Clustering & Matching, or
beyond?

12/9/2022 eeFACT@INFN Frascati

Higgs 4

qq,
99

T, H

Ww, 77,
2y, YY

A

Strategy: make all the possible
measurements in each
different channel and combine

the resultl

-

|

w aq Z boson
decay
Final state




BMR < 4% required...

BMR=2% | BMR=4% | , BMR=2% | : % | ,
1 I r T 1 \ 1# ]
| | | R R
/ | CEPC CD ~— CCD p ]
=) 3 ] ) \ =] ]
< 05 < 05 < 05 < 05
U " | J. l\- . - PR 0 i JJ L — TR D _._,_j | N D L 1 n
0 50 100 150 200 0 50 100 150 200 0 50 100 150 0 50 100 150
Mass [GeV] Mass [GeV] Mz [GeV) M [GeV]
(a) (b) (a) (b)
BMR=6% BMR=8% BMR=6% : BMR=8% :
i+ R i+ - 1 o 1+ =
[\ [\ ] | CEPGCDR | | GEPG CDR
) ) 5 S
< 05 < 05 | < 05 < 05
U " j L Pa— PR U " F— F— ) D N N h D - " 1 L n
0 50 100 150 200 0 50 100 150 200 0 50 100 150 0 50 100 150
Mass [GeV] Mass [GeV] ML;,‘”" [GeV] M[;u‘“" [GeV]
(©) (d) (©) (d)

« W, Z, Hmass peak separation
* To separate qqH signal from qgX background with recoil mass information
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Accuracy [%]

Confirmed with benchmark analyses

14 =

12—

08

Accuracy|[%]

0.6

0.4

BMR [%]

Boson Mass Resolution: relative mass
resolution of vwvH, H—Qgg events

- Free of Jet Clustering
- Be applied directly to the Higgs analyses
The CEPC baseline reaches 3.8%

' CEPC Preliminary] _ | |
] 15
o(qqH, H—inv) : o(qqH, H—)
1 £
Assuming ] sl i
BR(H—inv) = 10% ] -
.|...."|....|.—' ol . A I B
20 30 40 0 10 15 20
BMR[%] BMR(%]
BMR=2% | 4% | 6% | 8%
o(vvH, H—bb) 2.3% 26% | 3.0% | 3.4%
o(vwH, H—inv) 0.38% 04% | 0.5%  0.6%
o(qqH, H—1T) 0.85% 0.9% [ 1.0% | 1.1%
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CEPC Baseline: BMR = 3.75%

240 GeV

0.0?__' [T T T T T T ( [T T '__:] B [ =TT [ L ] L —— | =TT [ =TT 1 .
- CEPC []zz - vqq (ud) Cleaned ] —S|g —zz )
006:_ |:| WW — vaq (Ud) Cleaned —: 5000 :_ _________________________ __________________________ a' _________________________ _:
ﬁ 0-05; [ ]ZH — vvgg Cleaned —f I | WW —(é)thers | ]
® - ] - i ]
S 004 = g | :
1 - . ® 3000 |- —
S - i 2 i g
=~ 0.03- - -f‘:j N ]
2 . ] = = |
) - ] W 2000} -
< 0020 = - 1
- . 1000 |- ]
0.01- - N | ]
60 80 100 120 140 160 0 o 2 29

m, (GeV) Mg [GeV]

Fig. 7 Distribution of the recoil mass of the ggq, M”’“’o” for Z —

qq, H — vt and each background at /s = 240 GeV aftel the previous
cuts

@ Hadronically decayed Higgs boson: not sensitive to different modes it decays into
BMR 3.6 — 3.8% for H->bb, cc, gg, WW*/ZZ*->4 jets
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Individual jet: jet clustering - matching

7Z-swqq (240 GeV) 77w (240 GeV)

CEPC
Thrust, GenJet

CEPC
Thrust, RecodJet

= 40 s 30
20

2 20 o}
L w 10
30 30

Z7—-qqdqq (240 GeV)

CEPC
ee-kt, GenJet

CEPC

ee-ki, RecoJet

< 154 <15
ﬁm v @"_10 ;
w 5 w 5
30 303
2 2
o0 I &0 [
i i
Le o
(e) (f)
12/9/2022

Z7—vvag
e B

1800
r CEPC
16001

14000
12000
1000F

8001

(240 GeV)
R
— MC
------ Gaussian
— DBCB
B _OO-mosej<—0_90

Entries / 0.002

6001
400F
200

e 04 02 0

Fig. 7: ¢ and ¥ from the core of the DBCB fit to R are de-
fined as JER/S, respectively. The cos6; indicates the specific
polar angle of the jets.

Jet Clustering & Matching is critical:
ee-kt is used as CEPC baseline

Relative difference between Gen/Recojet
is define to be the detector jet response
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Jet Energy Resolution Jet Energy Resolution

Jet Energy Resolution

Individual Jet Responses
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Jet Energy Response: 2.5 — 4 times better than LHC in the same Pt range,
Jet Energy Scale: 3 times better before sophisticated calibration
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W-mass direct reconstruction at 240
GeV. Challenge & interesting

* W mass measurement at 240 GeV:

WW-—uvqg (240 GeV)
L _ _ 90000F " L T
- Statistic uncertainty @ 20 iab~ - CEPC 1y~ 000543 0.00411 -
80000F == i Gpgoa= 343677 +0.00727
* 0.3 MeV using only uvqq final state 70000E — m ®DBCB -
 Bias ~ 2.5 MeV once Z mass calibrated E 5000(};_ _
to known value 2, 500002_ 1
- Ultimate accuracy? § 400005 1E7 everts @ 5.6 iab
« Can we better control the systematic [ 300001 E
using the differential information? 20000 =
« Control the jet confusion?... 10000 s
 Identify & tame ISR? % 65 70 75 80 85 90 95 100
» Better calibrate? m; (GeV)
» Can we maintain sufficient stability over Quasi analysis: JES calibrated to
7/10 years? ... pure ISR return qq sample

12/9/2022
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Flavor Tagging

 Flavor Tagging (LCFIPIlus),
Typical Performance at Z
pole sample:

~ i . . light background + | Cbackgr
B tagg{ng. . . Fos Tos
eff/purity = 80%/90% | | s
- C-tagging: [ e e
eff/purity = 60%/60% |
%.4 — I0.6l 1€|- 0.8\ — 1 l ?).4I L J0.6I IEJ_ 0.8I — 1 I
1
« Charge Measurement : T
- Easily reach 10%/20% \ \
for inclusive c/b jet at Z wéfﬂj light background \ w%‘ﬂj b background
pole An I < | e
- For specific hadrons = | =
(Bs/Lambda_b), can . Ry
improve significantly b e 0 ! ba oo 08 !

https.//agenda.linearcollider.org/event/7645/contributions/40124/
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Jet Flavor Tagging for Higgs measurement;
good & significant potential to improve

b| 0.8675 0.0887 0.0437

0.1136 0.6263 0.2601

true
Q

g| 0.041M 0.1007 0.8582

| |
b c g
identified as

Compared to Baseline, Ideal FT
improve the H->bb, cc, gg
Measurements significantly.
Especially at qgH channel.

(up to 2 times.)

12/9/2022
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Impact of Vertex Optimization

0 0

R iy R .
Trmig = 2.118 4 0.054 - logy —material 4 () 040 - logy—reselution 1 () 098 - logy

material resolution

Table 2. Reference geometries.

Scenario A (Aggressive) Scenario B (Baseline) Scenario C (Conservative)

Material per layer/ Xy 0.075 0.15 0.3
Spatial resolution/pum 14-3 28-6 5-107
Rip/mm 8 16 23

Compared to the baseline:

- Perfect Flavor tagging improves the accuracy of
qgH, H->cc measurement by 2 times

- Conservative & Aggressive scenario
degrades/improves the accuracy by 30%

- Current Vertex design (with inner radius of 10 mm)
improves the accuracy by 10%
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Relative Error

EW

EWPT: Oblique Parameters
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Precision Electroweak Measurements at the CEPC
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With 2 years of Z pole operation (~ 1 Tera Z) and 1 year of W mass scan (~1E7 W)
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Flavor Physics @ Z pole

« Extremely rich physics & strong competition from Belle-ll & LHCb

 Comparative advantages of a Tera-Z

- V.S. Bellell, Access to particles heavier than Bs, large boost

- V.S. LHCb, much lower yields (2 orders of magnitudes) Better
Acceptance, better reconstruction of neutral final state (photon, missing
energy, and even Klong, neutron) and Jet Charge

 (Observations

- For CP measurement, a Tera-Z can compete with LHCb @ HL-LHC
thanks to the capability of precise Jet Charge measurements...

- Brings lots of critical information on measurements with neutral final
states...

- Yet, Pid is essential.
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Lepton Flavor Violation (I1)

Up limit of Br(Z—l I )~o( 1E-9)
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Current Progress in LFU Tests (I1)
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Flavor Physics @ CEPC

Regular Article - Theoretical Physics | Open Access | Published: 09 June 2021

b — st*1” physics at future Z factories

Lingfeng Li & Tao Liu

Journal of High Energy Physics 2021, Article number: 64 (2021) \ Cite this article

Preliminary: 9 effective
channels:(R;/y, Rp,,
RDE’ RAC: BC — TU,
B — Kvi, B, — ovv,
B’ - K771,

Bt - Ktrr

By — 77...)

Dim-6 SMEFT basis at
NP scale A=3 TeV.
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Timeline

CEPC Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Technical Design Report (TDR)

Engineering Design Report (EDR)
R&D of a series of key technologies
Prepare for mass production of devices though CIPC

Civil engineering, campus construction

Accelerator

Construction and installation of accelerator

New detector system design &
Technical Design Report (TDR)

Detector construction, installation &
joint commissioning with accelerator

Detector

Experiments operation

Further strengthen international cooperation in the
filed of Physics, detector and collider design

Sign formal agreements, establish at least two
international experiment collaborations, finalize
details of international contributions in accelerator

International
Cooperation
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Summary

« Electron Positron Higgs factories: a gigantic boost from LHC

- CEPC: 4 M Higgs, ~100 Million W, 1 Million Top, and 4 Tera Z.

- Higgs precision ~ 1 order of magnitude better compared to HL-LHC.

- Boost the precision on EW by 1-2 orders of magnitudes.

- Lots of opportunities for flavor physics & NP reach of 10 TeV, or higher.
- Strong physics cases for BSM & QCD.

« The ultimate precision of Higgs measurement will be mainly limited by statistic

- We are grateful to Accelerator community that design/build colliders with higher &
higher luminosity: please continue!

- The physics requirement on detector performance is well understood, and
pursued by Intensive detector R&D efforts

« Giving the importance of Higgs factory, we hope at least one of the electron positron
Higgs factories will be constructed in the recent future.

 We hope the CEPC construction will start in 2026
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Performance requirements

» A clear separation of the final state particles

- Better Identify Physics Objects

« Single particle objects: Leptons, photons, Charged hadron, isolated or inside jets
« Composited objects:

- With two/three final state particles: Pi-0, K-short, Lambda, Phi, Tau, D meson...
- Jets
- Improving the resolution for composited objects, especially jets

« BMR (Boson Mass Resolution)

- < 4% for Higgs measurements
- Much demanding for NP tagging & Flavor Physics Measurements

* Pid: Pion & Kaon separation > 3-sigma
« Jet: Flavor Tagging & Charge Reconstruction

* Flavor Physics: requires good intrinsic Energy/Momentum resolution
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BMR: no significant dependence on #jets...
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Test performance at: Electron = E_likeness > 0.5 ;
Muon = Mu_likeness > 0.5
Single charged reconstructed particle, for E > 2 GeV:
lepton efficiency > 99.5% && Pion mis id rate ~ 1%
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Compared the single particle sample, the jet lepton (at Z->bb sample at sqrt = 91.2 GeV)
Performance will be slightly degraded — Due to the limited clustering performance (splitting
& contaimination).

At the same working point, the efficiency can be reduced by up to 3%; while mis-id rate
increases up to 1%. Marginal Impact on Flavor Physics measurements as Bc->tauv.
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Taus: isolated or inside jets

Va
(a) Z — qq.H — vt with two hadronic decay. (b) WW — tvgq with one leptonic decay.
(¢c) Z — bb, B, — tv with one hadronic dacay. (d) Z — bb, By — 71 with two hadronic decay mixed

together.
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B Anomalies Indicating LFUV
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Bs—Phi vv

https://arxiv.org/pdf/2201.07374.pdf
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FIG. 1. The penguin and box diagrams of b — svv transition
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at the leading order. 10.0-
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* Key ingredient to understand FCNC anomaly... g 6.0
» Critical Physics Objects: Phi (and charged Kaon), E 40
2" VTX, Missing E/P, b-jet at opposite side :
 Percentage level accuracy anticipated at Tera-Z o
0.0-=

10
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Bs—Phi vv
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The separation power is defined as 2|pr —px|/(0xr +0K).
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Bs—Jpsi/Phi
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Acp (or C®) = I(B® - 7%7%) — T(B° - 7°x°)
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Figure 12: Accuracy of B? — 7979 (left) and BY — 7970 (right) versus B mass resolution.

* Provide sub percentage level accuracies on BO->2 pi0, 40/5 times than current world average & Belle
Il anticipation, have a strong impact on the CKM angle (alpha measurements), discover the other
three modes for the 1° time.

« Strongly Depends on the b-tagging performance (ILD is good enough) and the ECAL intrinsic
resolution (provide 30 MeV mass resolution for B-meson... 5 times better than ILD ECAL)
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Integrated Luminosity [fb™]
)
8

0

iggs factories

Table 1: Performance figures of FCC-ee. The ongoing Feasibility Study allows for a 4 IP
collider ring with a total integrated luminosity higher by almost a factor 2. For the Z pole
(or tt) running the regular integrated luminosity is show in the table, while over the first
two (one) years, the luminosity production is expected to be, on average, about 2 times

lower.
c.m. energy lum./ TP int. lum./year (2 IPs) run time power
[GeV] [10%* em™2571) [ab~1/y1] [yr] MW]
91 200 48 4 259
160 20 6 1-2 277
240 7.5 1.7 3 282
365 1.3 0.34 5 354

It is planned to operate the FCC-ee first on the Z pole (91 GeV c.m., 4 years), then on the
W threshold (160 GeV, 2 years), on the ZH production peak (240 GeV c.m., 3 years), and,
after a 1 year shutdown, at the tt threshold (365 GeV, 5 years). In general as the energy is
increased and the beam current decreases, additional RF systems are installed with higher
RF voltage and higher impedance. As mentioned, an additional optional running mode at
125 GeV c.m. (direct Higgs production), with monochromatization, for a couple of years.

ILC, Scenario H20-staged
—— ECM =250 GeV
—— ECM = 350 GeV
—— ECM =500 GeV

11 1 |

11 1 1

11 1 |

Luminosity Upgrade

Energy Upgrade

11 1 1

0

()]

ILC: 2203.07622
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Figure 4.15: The Kitakami candidate site for the ILC [94].
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The 4t Conceptual Detector Design

Advantage: the HCAL absorbers act as part
of the magnet return yoke.

Muon+Yoke PFA HCal Solenoid Magnet (3T / 2T )
Between HCAL & ECAL

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

Transverse Crystal bar ECAL

Advantage: better x%y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
= T maintain good jet resolution.

Drift chamber
that is optimized for PID

Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin enough
not to affect the moment resolution.

Si Tracker Si Vertex

+ innovative software system...
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Jet charge

Percent of final charged leading particles of  jet and b jet Percent of final charged leading particles of c¢ jet and C jet

Ht o et 1;% M-
1.94% . 1.94% T 104y

4.34% 4.34%

b jet bjet

@ The distribution of each charged patrticle of two jets is asymmetry

Bs? Nobar
3.369% 2.759%  0.688%
3.364% 2.765%  0.689%
Bbar | 3.355% 3.362%  0.652% 0.545%

0.004% | 0.001%

No 2.762% 2.762% 0.543% | 0.004% | 0.451% 0.121%

0.653% 0.655% 0.136% 0.001% 0.119% 0.579%

12/9/2022

e

e- e+ . -
H - 2.68%

u- € +
0.05% 2.67% " 0.05%
0.01% 7
~| / ,/*2 2 273%

" 001%

pr-
2.48%

pr+
2.48%

cjet Cjet

@ The distribution of each charged particle of two jets is asymmetry

... we understand how the jet charge information
eventually incarnated into Leading final state
particles...
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