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Physics Study : Status
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CEPC TDR para & Snowmass studies

The Physics potential of the CEPC Table 3.2: CEPC operation plan (@ 50 MW)
Prepared for the US Snowmass Community Planning Ezercise Integrated L Total
. E:.m L per IP Total no. of
(Snowmass 2021) Particle GeV) | (10%cm2s) per year Years | Integrated L events
' (ab’!, 2 IPs) (ab”!, 2 IPs)
CERG: Bhysics Study“Cronp H 240 8.3 2.2 10 21.6 4.3 x10°
Z 91 192* 50 2 100 4.1 x 1012
24 20 ab~! 1ab™!
IScL a8 | S0t la W 160 26.7 6.9 1 6.9 2.1 x 10°
ZH vvH ZH | vvH | eeH to** 360 0.8 0.2 5 1.0 0.6 x 10°
inclusive 0.26% 1.40%| \ \ . : ; ;
* Detector solenoid field is 2 Tesla during Z operation. CEPC TDR
H—bb 0.14%| 1.59% [0.90%|1.10% |4.30% ** tf operation is optional.
H—ce 2.02% 8.80%| 16% | 20%
H—gg 0.81% 3.40%(4.50%| 12% Precision Electroweak Measurements at the CEPC 1 Precision of Higgs coupling measurement (kappao0 fit)
Ho WW 0.53% 2,80% 4'40% 6,50% 0.100f = Current accuracy m HL-LHC S1/S2
0.010 = CEPC: baseline ] m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab
H—7Z 4.17% 20% | 21% ' o W
s S
Horr  |0.42% 2.10% 4.20%|7.50%| & 2% (0
GZJ 10—4 g 10-2
H = vy 3.02% 11% | 16% s s
& B [0}
H—uu  6.36% 1% | 57% 107 . 163
H->2Zv  |8.50% 35% 10°°
X -7
Bruypper(H — inv.)|0.13% 10 M, My Ry Re  Re Ry Re Arg Aro Ay Alp A'rs N, Kp KelKe Kq K Ke Kz Ky
Ty 1.65% 1.10% .
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Physics Study : Status
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Higgs signature @ CDR baseline
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Update-1: Jet Origin identification.



Jet Origin ID
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Di-jet events (vwH, H->2jet & Z->qq) simulated with CEPC CDR baseline & reconstructed with Arbor

Input: Pid & 4-momentum of all reconstructed particle + impact parameters for charged ones (~o(50) reco Particles)
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Physics benchmarks: H->ss
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Physics benchmarks: H-cc & Vcb
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Update-2: 1-1 corresponding reco.

Reconstruct precisely all final state particle within detector
acceptance (space, time, & energy)

Significantly Suppress Confusion of current PFA
&

High-efficiency particle identification of reconstructed particle
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PFA Goal: BMR < 4% & pursue 3%
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BMR @ CDR & AURORA: 3.7% & 2.9%
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Pid of all final state particle...

nCIluHit!=0 & E > 1 GeV & |cos6| < 0.9

Trace of M6x6
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At vwH, H->gg events @ 240 GeV, Using AURORA, No TPC dE/dx Digitization.
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Update-3: detector



Det. Concepts: CDR to TDR

CDR

Ref-TDR

VTX

Inner radius of 16 mm

Inner radius of 11 mm

Material Budget:
0.15% * 6 + 0.14% (beampipe) = 1.05 X0

Material Budget:
0.06% * 4 (inner) + 0.25*2 (outer) + 0.16% (beampipe) = 0.9 X0

Main Tracker

TPC with 1 mm * 6 mm readout

TPC with 0.5 mm * 0.5 mm readout
Required to have dE/dx or dN/dx with relative accuracies of 3%
(Drift Chamber with the capability of dN/dx as alternative)

ToF - LGAD, with 50 ps per MIP
ECAL Si-W-ECAL: \/% ® 1% Xbar-ECAL: \/153;27 D 1%
HCAL RPC-Iron: \/% D 2% Glass-lron: J% @D 2%
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Pid via ToF + dE/dx or dN/dx

(S, (dE/dx) (S), (dEfdx + TOF)

K* selection efficiency X purity

Nuclear Inst. and Methods in Physics Research, A 1047 (2023) 167835

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

% % % ol o

Q 8 8

2 Requirement analysis for dE/dx measurement and PID performance at the )
CEPC baseline detector G

Y. Zhu, S. Chen, H. Cui, M. Ruan*

Institute of High Energy Physics, Chinese Academy of Sciences, 19B Yuquan Road, Shijingshan District, Beifing 100049, China
University of Chinese Academy of Sciences, 19A Yuguan Road, Shijingshan District, Beijing 100049, China
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dE/dx or dN/dx with relevant uncertainty of 3% + ToF of 50 ps: eff & purity of Kaon id >1£795%




dE/dx or dN/dx @ ref-TDR goal

Performance from simulation I DC R&D efforts and results

*  Full simulation framework of pixelated TPC developed using Garfied++ and Geant4 at IHEP Develop sophisticated software tools for DC PID simulation DC cell
 Investigating the n/k separation power using reconstructed clusters, a 3¢ separation at 20GeV with FtTTTT S - =
& Xperimental measuremen | 70
g ) rfield++ based ! %,
SOcm dnft length can be achl.eved Pafﬂi\aElIEele;JSii'sslaﬁun : f"ilj Transfer Function | | Freq. Response i ?9@;,
¢ dN/dx has Slgnlﬁcant potentlal for 1improving PID resolution i of Preamplifier | [ of Noise Events ! ”f%
_________________________ )
field cage amplification gap B ot I ll{ -------- IF_F[_ ) |’:, Wire
__________ T —— i . ¢ Truth Analo; H i : igi ot
HH ¢ g A/D - Noise Digital
oo 7 —e— 500 umx500 um pad for dNdx Reconstruction [ waveform ]_:—I Converter |_‘|Prea"“’“f'er Generator H Waveform HRECO(‘S"“C”D"
e drift & diffusion ¥ ~#— 6 mm pad for dE/dx Reconstruction : Digitization :
s e e B R L e e | |
@ - ¢ 1.2m Tracklength .
1 s
i [ H m
1 drift vélume g 4
—_ = g F 6 H iC.H Waveform reconstruction with ML
; electrif field &3 Y e +1CH50 (domain adaptation)
1 : ) M . 90/10, 85/15, o T
: : | . ’ e e G o T = 3 80/20
| 1 |
Tonization IMp Transport: IMp Amplification I G:'lleg:::on [ 3 HltC]l)::te::il:; & mp dN/dx e « 15um MosAu) ; fv V‘\ 1
10’ 10'
Garfield++ . . o : M GeV 20pm (W-A) 1/\’\6
Simulation/Digitization Reconstruction mmeam (et [T 2sum wam) _J AN’&J
Cite#11: DOI: 10.22323/1.449.0553 . . . 26 : = = = = =
Cite##12: EPS-HEP 2023 talk by Yue Chang Simulation of TPC detector under 3T/2T and T2K mixture gas = 16 1

A major goal for the Ref-TDR Gaseous Tracker is the Pid: to achieve 3% dE/dx or dN/dx performance.
Promising results, to be validated with further studies, especially test beam.

Gaseous Tracker inner radius: to be optimized.
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I VTX and Jet Flavor/Charge measurement
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ParticleNet and its application on CEPC jet flavor tagging
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Compared to CDR, VTX at TDR:
Inner radius reduced by 40% (16 mm -> 11 mm)
Material reduced by 10% (1.05 -> 0.9 X0)

Tr(Mig): 2.64 -> 2.68
H->cc accuracy improved by ~5%

Vcb accuracy improved by ~10%
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Xstal ECAL

Physics performance: H - gg C7C

* Physics process: ee > ZH — vvgg in /s = 240 GeV
* Full reconstruction in CEPC detector: Silicon + TPC tracker, crystal ECAL, glass tile HCAL.

R e ma R T AR RS
350 CEPC simulation + B -
E  Work in progress ]
300F + —
> E — H—jj, DSCBfit
3 2s0% - mj; =127.3GeV, o(mj;) = 5.23 GeV
g 200:_ E Boson mass resolution (BMR) 4.11%.
2 E 3 With truth track: BMR 3.73%.
o c -
i e | o
100:_ _: 5000:_ Work if\";:lrI;;r:g; + peta B
C m > F — H--yy,DSCBit ]
50 — & 4000 =
PRI il ey sede il ie] £ 3000F E
%O 90 100 110 120 130 140 150 160 170 180 :>J’ F 1 Double-side CB fit, o(m,,) = 0.57 GeV
2000; _; Long tail from )
invariant mass / GeV R o i
e | 4 Can be fixed with better photon energy

raamaid BRI BRI S
1o 115 120 125 130 135 140 correction in the future.

Invariant mass / GeV

BMR at ref-TDR: not far from CDR (BMR of 3.7%).

To control the confusion (fake particles, etc) is the critical: Need optimization + reconstruction development.
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Glass scintillator HCAL

CEPCSoft (Baseline) CEPCSoft (SIWECAL + GSHCAL)
L D N TV R Y Ty 008 T Tt ke v e e
| = Scale, mWJB%, BMRF"W.GT% o E Scale, Mean 1‘25.0 3.75%, BMR_; 1'25.04.35% i
r RMS _5.284 4.638, B - _
[ Raw , BUS._5.284_1.18%, BUR, =3838-3.67% 1 Raw _=_Wyasn 1'2764.2 . 75%, anm=—=3‘1‘-2"§f; .35%
19.7% - I |
. - gg, 26700/40000 (Cleaned/Total) events _ | nnHgg, 26698/40000 (Cleaned/Total) events _|
u Tracker resolution 0.06 0.06 b ¢ )
> L Original . > L Original .
u ECAL resolution [)) [
HCAL resolution g L i (OD B
[) Te] N ¥
1.4%  © Photon E > 0.2GeV < 0.04F A — g 0.04+ i
‘ ® Charged Pt > 0.2GeV - + HA i . - - HRH
Neutral Hadron E > 2GeV ) r R ) b ) 3 HER |
9.5% u Acceptance |Cos6)| < 0.99 < i ] H ] < i -: i
u Charged Hadron Fragments 0.02- n 0.02- ]
u Separation Confusion L | i
B Unidentified L _ N
% e ] B T (R [ R OSN TEUTSY (T
0 80 100 120 140 160 %O 80 100
Migioie [GEV] Myisipe [GEV]

1%t, 50% from Confusion, 25% from detector resolution & 25% from acceptance, for BMR of 3.7% at CDR

2" HCAL resolution dominant the uncertainties from detector resolution:
TDR HCAL: Glass Scintillator - Iron with thickness of 6 lambda (compared to GRPC - Iron of 5 lambda) BMR of 3.4% (2*2
cm? cell) & 3.5% (4*4 cm? cell)
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Summary

CEPC Physics studies: Well quantified Physics Merits

Detector + Performance: CDR baseline has excellent performance for Higgs measurements. With Updates of:

Embrace Al trends: Jol & 1-1 correspondence

Tool: CEPC Delphes Card (see Kaili’s talk)

Iterate with Detector R&D

To quantify & to ameliorate the impact of Beam induced background, the readout, especially at Z pole
CEPC New Physics WP Study: essential to demonstrate & quantify the discover power

Science reach on top of anticipated reach at LHC & current boundary: Key conclusion + plots

Requirements on Acc. Luminosity, Polarization

Bottle neck of performance (identification efficiency — purity, resolution...) for your measurement

Experimental Systematics: Luminosity, identification

Theoretical Uncertainties: Model dependence, modeling & High Precision Calculation
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Summary

Intensive CEPC Physics studies
Well quantified Physics Merits
Iterates with Detector R&D
CEPC Ref-TDR detector provides
Pid: critical for Physics.
Better VTX: improves precisions on benchmark analysis by 10-20%

PFA Compatible Calorimeter with larger sampling:
HCAL improves the BMR by ~10%,
Xbar ECAL: pattern recognition is challenging.

To do:
To quantify & to ameliorate the impact of Beam induced background, the readout, especially at Z pole

To develop Smart Reco. Algo, especially with Al tools.
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Physics Benchmarks at CDR & TDR

Processes @ c.m.s. Domain Anticipated relative accuracies/up @Ref TDR
limit with CDR baseline detector +
TDR Luminosity, with Jol
H-cc 1.7% 1.6%
H—ss [1] vwH @ 240 GeV Higgs 95% up limit of 0.75E-3 95% up limit of 0.70E-3
H-sb [1] 95% up limit of 0.22E-3 95% up limit of 0.20E-3
H-inv [2] qqH Higgs/NP 95% up limit of 0.13% Same
Vcb [3] WW-lvqq @ 240/160 GeV Flavor 0.4% 0.36%
W fusion Xsec [2] vwH @ 360 GeV Higgs 1.1% Same
ag Z-tautau @ 91.2 GeV QcD NAN Theoretical Uncertainty Dominant
CKM angley — 28 Z—bb, B-DK @ 91.2 GeV Flavor NAN ~0(0.1-1) degree
Weak mixing angle [4] Z@ 91.2 GeV EW 2.4E-6 using 1 month data (~ 2E11 2) ~ tiny improvement due to VTX
Higgs recoil [5] IH Higgs om = 2.5 MeV Same
b0 /a =0.25%/0.4% (wi/wo qqH)
H-bb, gg [2] vwH + qqH Higgs bb: 0.14% ->0.13% bb: 0.12%
gg: 0.81% ->0.65% gg: 0.62%
(wi/wo Jol)
H—di muon [2] qqH Higgs 6.4% Same
H—di photon [2] qqH Higgs 3% 1.8%
W mass & Width [6] W threshold scan @160 GeV EW 0.7 MeV & 2.4 MeV @ 6 iab Same
Top mass & Width [7] | Top threshold scan @360 GeV EW 9 MeV & 26 MeV @ 100 ifb Same
Bs— vug [8] 91.2 GeV Flavor 0.9% (1.8%@Tera-2Z) Same, if object recon. ~ CDR
Bc— Tv [9] 91.2 GeV Flavor 0.35% (0.7%@Tera-Z) Same, if object recon. ~ CDR
BO— 21 [10] 91.2 GeV Flavor NAN 0.3%, need to validate photons finding

Higgs to di photon precisions

improves significantly, if low mass tail

tamed.

Physics measurements using Jol, etc,
benefit from better VTX and has 5-

10% improvements

Here we assume the TDR BMR could

eventually reach ~ CDR

If BMR of 3% achieved, precisions of
most benchmarks could be further

improved for 5-10%

The Pattern reco. capability of Xbar
ECAL is still a concern. Need further

development & validations.

25



Challenges & Team

Challenges:
Impact of Beam induced background (~ Nov. 2024)
To further validate & verify the Pattern reco. performance (~ Dec. 2024)

High data rate @ Z pole: need to reconstruct in Space time (PFA in space time)

Core team: ~ 5 staffs + 3 Postdocs + 5 Students + 2 Visitors

Performance: with sub-detector team

Algorithms: collaboration with PKU, LLR & CERN

Benchmark: in pace with physics white paper efforts: ~ > 20 staffs from ~ 10 Universities

— Higgs: Yaquan Fang (IHEP) + HEF team
— Flavor Physics: Tao Liu (HKUST), Lorenzo (NKU), Shanzhen Chen(IHEP) etc
— New Physics: Xuai Zhuang (IHEP), Mengchao Zhang (JNU)
— EW: Zhijun Liang (IHEP), Jiayin Gu (FuDan U), Siqi Yang (USTC)
QCD: Zhao Li (IHEP), Meng Xiao (ZJU), Huaxing Zhu (PKU)
Phy5|cs studies in pace with ECFA physics focus studies.
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Physics Benchmarks & Global Performances

Processes @ c.m.s. Domain Relevant Det. Performance
H—ss/cc/sb vwH @ 240 GeV Higgs PFA + Jet Origin Id (Jol)
H—inv qqH Higgs/NP PFA
Vcb WW-lvqq @ 240/160 GeV Flavor Jol + Pid (Lepton, tau)
W fusion Xsec vwH @ 360 GeV Higgs PFA +Jol
Qg Z-tautau @ 91.2 GeV Qcb PFA: Tau & Tau final state id
CKM angley — 288 Z—bb, B-DK @ 91.2 GeV Flavor PFA + Jol + Pid (Kaon)
Weak mixing angle Z@ 91.2 GeV EW Jol
Higgs recoil IIH Higgs Pid (Lepton), track dP/P
H-bb, gg vwH + qqH Higgs PFA + Jol + Color Singlet id
H—di muon qqH Higgs PFA, Leptons id, Tracking
H—di photon qqH Higgs PFA, Photons id, EM resolution
W mass & Width W threshold scan @160 GeV EW Beam energy
Top mass & Width Top threshold scan @360 GeV EW Beam energy
Bs— vug 91.2 GeV Flavor Object (¢) in jets; MET
Bc— v 91.2 GeV Flavor Object () in jets; MET
BO— 2r° 91.2 GeV Flavor ¥ in jets; EM resolution

PFA is required by most of the
benchmarks, emphasize global Detector
reconstruction performance

BMR < 4% required, to pursue 3%

Object identification: need to efficient
reconstruct and identify final state
particles (1-1 correspondence)

Kaon id with eff and purity > 95%

Capable to find composited objects in jets.

Sub-Det level performance
Tracking: ~0.1% momentum resolution
EM resolution: ~1% level

VTX: position resolution ~ 5 um

New concepts (Jet origin id & color singlet id) emerges, need to establish their relevance to algorithm & sub-detector configuration & performance
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Physics Benchmarks using CDR baseline

Processes @ c.m.s. Domain Anticipated relative accuracies/up limit with CDR
baseline detector + TDR Luminosity, with Jol []] H. Liang, et al, PHYSICAL REVIEW
H:;c[cl] wWH @ 240 GeV Higgs 95% up Ii:r;i7t({;f 0.75E-3 LETTERS 132, 221802 (2024)
Hosb [1] 95% up limit of 0.22E-3 [2] CEPC Phy-Det Snowmass White Paper,
H-inv [2] qqH Higgs/NP 95% up limit of 0.13% arXiv:2205.08553v1
— ch )[(3] 5 WW—)IVEIq@@égOél\Glo GeV I:-Il'flvor (;i‘? [3] H Liang, Ph.D thesis
usion Xsec w| e iggs 1% . .
o Zotautau @ 912 GeV ach NAN [4] Z. Zhao, et al., Chinese Physics C Vol. 47,
CKM angle y — 288 Z->bb, B-DK @ 91.2 GeV Flavor NAN No. 12 (2023) 123002
5] Z. Yang, et al., Chinese Physics C Vol. 41,
Weak mixing angle [4] Z@ 91.2 GeV EW 2.4E-6 using 1 month of Z pole data (~ 2E11 Z) ][\7] P 20]g7 023003 3
Higgs recoil [5] IIH Higgs om=2.5MeV 0. ( )
da/a = 0.25%/0.4% (wi/wo qgH)
H-bb, gg [2] vvH + qqH Higgs bb: 0.14% -> 0.13% [6] P Shen, et al’ Eur PhyS J C (2020)
gg: 0.81% -> 0.65% 80:66
(wi/wo Jol) .
H—di muon [2] qaH Higgs 6.4% [7] Z. Li, et al., arXiv:2207.12177
H—di photon [2] qgH Higgs 3% [8] Y. Wang, et al., PHYSICAL REVIEW D
W mass & Width [6] W threshold scan @160 GeV EW 0.7 MeV & 2.4 MeV @ 6 iab ]05’ 114036 (2022) . .
Top mass & Width [7] | Top threshold scan @360 GeV EW 9 MeV & 26 MeV @ 100 ifb [9] T. Zheng, et al., Chinese Physics C Vol. 45,
No. 2 (2021) 023001
Bs— vu [8] 91.2 GeV Flavor 0.9% (1.8%@Tera-Z)

Bc— v [9] 91.2 GeV Flavor 0.35% (0.7%@Tera-Z) [ 1 0] Y Wang’ etal, JHEPI2(2022) 135

BO— 21° [10] 91.2 GeV Flavor NAN
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BMR Decomposition

0.50 GeV

A.u.l

0.50 GeV

1

B Charged Pt> 0.2GeV

0 08 CEPCSoﬂ 0 Go CEPCSoﬂ (SIWECAL +GSHCAL) 0 08 Cu! score = 0.75, PFO_E <10 GeV Icosol < 1
i T —

' _ scate, BMS_5221L, 1ao oyp Lasoo gz [T O L geal, AS 4639‘ '4135' g Scae, FMS 42335 500, g L8037 g,
F Mean 124 =125, E Scale, yean1 75% BM" 85%! E F Mean~124.9 1=125.0 e
19.7% [ Raw | =1 18% B, =1 288-3.67% ) [eaneneas w , NS 4 749-3.75%, BMR, =5:237-3.35% 1 [ennanees Raw , FUS _4.085-3.30%, BMR, =3,181-2.80% b
. ( F - - 4 F 4
m Tracker resolution 0-06_ nnHgg, 26700/40000 (Cleaned/Total) events — 0 06_ nnHgg, 26698/40000 (Cleaned/Total) events _ 006' nnHgg, 26698/40000 (Cleaned/Total) events _
. | Original B | Original i | Re-calibration (ECAL, HCAL) = (1,}?; 4
u ECAL resolution ‘ I | I i |
HCAL resolution L . il L i i L ‘. i
1.4% © Photon E > 0.2GeV 50.04~ 71 S0.04F il -1 50.04- F ki .

H 4

A.U. /0.0 Gev

Neutral Hadron E > 2GeV

m Acceptance |Cos0)| < 0.99 0'02__ __ 0'02__ 7 0'02__ 7

u Charged Hadron Fragments

u Separation Confusion ol AL - Y . ] r L AN o b

« Unidentified 8080 100 120 140 160 80 80 700 120 140 76c 80 80 100 120 140 160
Myisive [GEV] Myisinie [GEV] Myisinie [GEV]

1%t, 50% from Confusion, 25% from detector resolution & 25% from acceptance, for BMR of 3.7% at CDR

2" HCAL resolution dominant the uncertainties from detector resolution:
TDR HCAL: Glass Scintillator - Iron with thickness of 6 lambda (compared to GRPC - Iron of 5 lambda) BMR of 3.4%

3" Leading contribution: Confusion from shower Fragments (fake particles), need better Pattern Reco.
Mostly can be reduced by Al enhanced Arbor at SiW ECAL + GS HCAL: BMR of 2.9%
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1.0

JOI: validation & comparison
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Could be calibrated using Z->qq. (10 category id, without gluon)
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R yy——— 4+
Pcharge fiip for Delphes and GEANT4

Stable at different Hadronization model, different simulation method (Geant 4 & Delphes - Fast Sim)

Referee: A “game changer” and opens new horizon for precise flavor studies at all future experiments
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JOI: tagging efficiency & flip rates
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Kaon id: a must

Could be calibrated on Z->qqg events, and is relatively stable VS hadronization models, etc
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Challenges

More realistic collision environments: Beam induced background, Primary IP reco, etc

— To be addressed by a few benchmark performance study wi. Beam induced background
& to be included in TDR

Event overlap in time (Z pole):

— To be solved by PFA in Space time: Future Plan.

More Realistic Digitization, including Noise & TDAQ effects
+
Further Optimization (5D Calorimerter, Time resolution, cell configuration, etc)

— To be addressed by joint study with Sub-detector & Software team (Long term plan)
— Al enhanced reco. algorithm. will be the key.

33



T.0.C. at Ref TDR

Introduction: Physics requirements
Recap of sub-detector performance, tracking, Pid, etc
Detector global Performance:

- BMR

« Jol

 Pid

* Outlook: 1-1 correspondence reco.
Physics Benchmarks
Challenges & Plan
Teams
Summary
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Fake particle veto using Al

Icosél < 1, Optimal BMR = 2.88%
T

I T T T l T T T T

0.034— _

0.032_— me 0o | non-f*

(a - i

= i 1 B

0.028 b |

i i -]
0.026/- ]
1 | 1 L ! | | | | . . . '
04 0.6 0.8 1 — pr -
score cut pred -

(stemmed from Charge Shower Fragments)
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BMR of ~ 4% at TDR baseline
Physics performance: H - gg CEPE,

* Physics process: ee > ZH — vvgg in /s = 240 GeV
* Full reconstruction in CEPC detector: Silicon + TPC tracker, crystal ECAL, glass tile HCAL.

350 CEPC simulation + Data
Work in progress
300
— H - jj, DSCB fit
250 m;; = 127.3 GeV, o(m;;) = 5.23 GeV

Boson mass resolution (BMR) 4.11%.

200
With truth track: BMR 3.73%.

150

Events / GeV

100
50

4

90 100 110 120 130 140 150 160 170 180

Invariant mass / GeV

BMR at ref-TDR: not far from CDR (BMR of 3.7%).

To control the confusion (fake particles, etc) is the critical: Need optimization + reconstruction development.

One solution is to add a few timing & positioning layers.

36




