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Belle II and SuperKEKB

• Belle II is a multipurpose detector 
at the SuperKEKB e+e− collider, 
located at KEK in Tsukuba, Japan 

• Latest in a series of experiments 
operating near the ϒ(4S) 
resonance
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          2019         2020         2021     2022

ARGUS 0.2 fb–1

CLEO 9 fb–1

BaBar 500 fb–1

Belle 1’000 fb–1

Belle II 50’000 fb–1  (expected)

430 fb–1 (recorded)



Charm physics program at Belle II

• Large e+e−→cc̄ cross-section provides low-background event 
samples 

• 1.3M cc̄ events per 1 fb−1, all recorded to tape (~100% trigger 
efficiency uniform across decay time and kinematics) 

• Rich program of charm physics 

• Excellent reconstruction of final states with neutrals: e.g., 
D0→π0π0, D+→π+π0, D0→ρ0γ,… to complement LHCb 
observation of CP violation in D0→π+π– 

• Unique access to final states with invisible particles: e.g., 
dineutrino final states
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Preparing the tools: charm flavor tagging

• Tagging the production flavor is needed to measure 
CP violation (and mixing) in neutral D decays 

• Since 1977 this is achieved by restricting to the 
strong-interaction decays 

 

 

 
 
 
 

• Added bonus: sample is much cleaner 

• Disadvantage: sample is reduced by factor 5-20
4
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Beyond common sense - charm flavor tagger

Time evolution of D⁰ and D̅⁰  in common final states 
(KSπ⁺π⁻, K+K-, π⁺π⁻) probes BSM in D mixing and CPV  

Final state says nothing on whether a D⁰ or D̅⁰ was 
produced. Need to “tag” the flavor.  

Since 1977: restrict to strong decay D*⁺→ D⁰π⁺ where 
flavor and charge conservation allow associating the π⁺ 
with D⁰ and π⁻ with D̅⁰ 
Industry standard at Belle, Babar, CDF II, LHCb etc..

D*-tag reduces 5x-20x the samples available for measurements. 

Belle II set on exploring an “holistic approach” that looks at many event features 
to reduce this reduction factor.

Mark I, 1977

What do we measure?
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ACP (D
0 ! h+h�) =

�(D0 ! h+h�)� �(D0 ! h+h�)

�(D0 ! h+h�) + �(D0 ! h+h�)
<latexit sha1_base64="vCDrpmXEQ5oIovw7DbI7MaMxDB8="></latexit>

A(D0 ! h+h�) =
N(D0 ! h+h�)�N(D0 ! h+h�)

N(D0 ! h+h�) +N(D0 ! h+h�)
<latexit sha1_base64="oeusRCjTxENaa5bLXHp71b7l+NU="></latexit>
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How do we tell if it’s a D0 or a D̄0?



Novel charm flavor tagging (CFT)

• Inspired by opposite-side b-flavor 
tagging 

• Reconstruct particles most 
collinear with signal meson, use 
machine learning with kinematic 
features (ΔR, recoiling mass) and 
PID as input to predict tagging 
decision q and dilution r 

• Trained using simulation. 
Performance measured/calibrated 
with data

5

[PRD 107 (2023) 112010]

38

Beyond common sense - charm flavor tagger

Look at particles collinear with signal D 

Correlate kinematic features (recoil 
mass, distance) and PID using decision 
tree 

Develop on MC, calibrate on data

Double sample size with respect to D*-tag.
arxiv:2304.02042

Correlations (%)
stat. syst.

Coe�cient Value p2 �p1 �p2 p2 �p1 �p2

p1 0.437± 0.001± 0.007 �44.6 3.3 �0.7 �33.7 1.5 5.3
p2 0.949± 0.002± 0.028 �0.7 2.4 2.4 3.0
�p1 �0.031± 0.004± 0.000 �44.6 �25.5
�p2 0.044± 0.008± 0.001

Table IV: Results of the fit to the true dilution as a function of the predicted dilution for D0
!

K�⇡+ decays in data. The first uncertainties are statistical, the second systematic.

Including the systematic uncertainty due to the background subtraction with the sPlot
method, the tagging power for D0

! K
�
⇡
+ decays is measured to be

"
e↵

tag
= (47.91± 0.07(stat)± 0.51(syst))% . (14)

Since it fully exploits the information provided by the CFT, the tagging power based on the
per-candidate dilution of Eq. (14) exceeds the tagging power based on the average dilution
of Eq. (11).

V. IMPACT ON PHYSICS

We estimate the e↵ective increase in sample size in a typical mixing or CP -asymmetry
measurement that would otherwise rely exclusively on D

⇤+-tagged D
0 decays. We re-

construct a sample of D0
! K

�
⇡
+ decays using Belle II data corresponding to an inte-

grated luminosity of 54.4 fb�1. The sample is selected with the criteria of Section IVA and
split into two disjoint subsets: events that are D

⇤+ tagged, by explicitly reconstructing a
D

⇤+
! D

0
⇡
+ decay and requesting the di↵erence between D

⇤+ and D
0 masses to satisfy

0.143 < �M < 0.148GeV/c2; and events that are not D⇤+ tagged.
The signal yields in the D

⇤+-tagged and non-D⇤+-tagged samples are 125600 ± 350 and
388490 ± 620, respectively. The performance of the CFT on D

⇤+-tagged events is close to
ideal. The subpercent mistag fraction is consistent with the level of non-D⇤+ background
candidates made of D

0 signal decays associated with unrelated soft pions. The tagging
power on non-D⇤+-tagged events, computed using the calibrated per-candidate dilution, is
(32.71 ± 0.05(stat))%. By multiplying the signal yield and the tagging power in such a
configuration, we estimate that the CFT provides an additional 127080± 280 tagged signal
decays for mixing and CP -asymmetry measurements, e↵ectively doubling the sample size
compared to D⇤+-tagged events. However, such an increase in sample size compared to D

⇤+-
tagged decays is accompanied by an increased background. Hence, doubling the sample size
is not expected to correspond to a factor

p
2 increase in the precision of the measurement.

In addition, the CFT output distribution is expected to provide some discrimination
between signal and background. Such separation can be e↵ectively used in a fit that has
the calibrated per-candidate dilution as an observable or, as shown in Fig. 9, it can be
used as part of the selection requirements to improve the signal purity. Such a feature may
be particularly valuable for analyses that do not require tagging but reconstruct charmed
hadrons with small signal-to-background ratios. An example is shown in Fig. 10 for wrong-
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best performance across any flavor tagger

Figure 6: Distributions of the predicted qr for background-subtracted (top left) D0
! K�⇡+, (top

right) D0
! K�⇡+⇡�⇡+, (center left) D0

! K�⇡+⇡0, (center right) D+
! K�⇡+⇡+, (bottom

left) D+
! K0

S⇡
+, and (bottom right) ⇤+

c ! pK�⇡+ decays in data.

its decay mode. The mistag rate is independent of the signal decay mode, but it depends
on the charmed hadron, given that di↵erent tagging categories contribute with di↵erent
proportions depending on the charmed hadron signal (see, e.g., Fig. 4). The mistag rate
being about 8% larger in D

+ than D
0 decays can be attributed to the absence of the same-

side soft-pion tagging category for D+ decays. Similarly the increase in mistag rate for ⇤+

c
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D0 ! K�⇡+

q=+1 for D0 and –1 for D̄0 
r=1 perfect prediction, r=0 random guessing

https://arxiv.org/abs/2304.02042


Novel charm flavor tagging (CFT)

• Doubles the sample size w.r.t. D*+-tagged decays 

• Provides discrimination between signal and background 

• Will increase sensitivity for many CP-violation and mixing measurements
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Figure 9: Mass distributions for (left) D0
! K�⇡+ decays and (right) D0

! K�⇡+⇡0 decays
reconstructed in data with di↵erent requirements on the predicted (uncalibrated) dilution in com-
parison with D⇤+-tagged decays. For the selections shown the D0

! K�⇡+ signal purities are 0.94
(D⇤+-tagged), 0.84 (CFT, r > 0.9), 0.73 (CFT, r > 0.5), and 0.67 (untagged). For D0

! K�⇡+⇡0

decays the signal purities are 0.80 (D⇤+-tagged), 0.53 (CFT, r > 0.9), 0.38 (CFT, r > 0.5), and
0.34 (untagged).

Figure 10: Distribution of the di↵erence between D⇤+ and D0 masses for wrong-sign D⇤+
! D0(!

K+⇡�⇡0)⇡+ decays reconstructed in data and selected with and without the requirement q⇡sq > 0.

sign D
⇤+

! D
0(! K

+
⇡
�
⇡
0)⇡+ decays selected in a sample of Belle II data corresponding

to 54.4 fb�1. The CFT is used in the sample selection to confirm the tag provided by the
D

⇤+ decay with the requirement q⇡sq > 0, where q⇡s is the soft-pion charge. With only a
24% loss of signal yield, the signal-to-background ratio in the resulting doubly tagged sample
is roughly doubled compared to the sample where the CFT is not used.
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D0 ! K+⇡�⇡0
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D0 ! K�⇡+
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Charm lifetimes

• Lifetime hierarchy of heavy-flavored hadrons crucial to constrain/validate 
predictions of mixing and CP violation based on heavy quark expansion (HQE) 

• Recent LHCb measurements of 
lifetime ratios broke the hierarchy 
predicted by HQE, requiring 
revised calculations 

• Belle II data provide unique opportunity 
for precision measurements of absolute 
lifetimes 

• Never measured at Belle/BaBar/LHCb 
in past 20 years due to systematic limitations 

• Serve also as references for LHCb, where 
typically ratios of lifetimes are measured
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The strangest lifetime: A bizarre story of τ(Ω0
c
)

Hai-Yang Cheng1, ∗

1Institute of Physics, Academia Sinica, Taipei, Taiwan 11529, R.O.C.

For ground-state singly charmed baryons, the Λ+
c , Ξ

+
c

and Ξ0
c form an antitriplet representation and they all

decay weakly. The Ω0
c , Ξ

′+
c , Ξ′0

c and Σ++,+,0
c form a sex-

tet representation; among them, only Ω0
c decays weakly.

Back in 1986 their lifetime pattern had already been pre-
dicted to be [1, 2]

τ(Ξ+
c ) > τ(Λ+

c ) > τ(Ξ0
c) > τ(Ω0

c). (1)

The measured lifetime hierarchy appeared for the first
time in the 1996 version of the Particle Data Group
(PDG) after the lifetime of Ω0

c , the last piece of the four
charmed baryons, was successfully measured in the fixed
target experiments E687 [3] and WA89 [4] in 1995. How-
ever, the early data had a wide spread. The situation
was substantially improved by the FOCUS experiment
performed during the period of 2001-2003 [5–8]. Accord-
ing to the 2004 version of PDG [9], the world averages of
their lifetimes then were given by

τ(Λ+
c ) = (200± 6) fs, τ(Ξ+

c ) = (442± 26) fs,

τ(Ξ0
c) = (112+13

−10) fs, τ(Ω0
c) = (69± 12) fs. (2)

These world averages remained stable from 2004 till 2018
[10]. Notice that the charmed baryon lifetime pattern is
quite different from the bottom baryon case where the
lifetime hierarchy reads [11]

τ(Ω−

b ) > τ(Ξ−

b ) > τ(Ξ0
b ) ! τ(Λ0

b). (3)

That is, the Ω−

b has the longest lifetime in the bottom
baryon sector, contrary to the shortest lifetime of the Ω0

c

in the counterpart of charmed baryons.
Lifetimes of the heavy baryons are commonly analyzed

within the framework of heavy quark expansion (HQE).
In this general approach, the predicted lifetime hierarchy
for charmed baryons given in Eq. (1) agrees with experi-
mental pattern exhibited in Eq. (2). The fact that the Ωc

is shortest-lived among the four charmed baryons owing
to its large constructive Pauli interference (PI) has been
known to the community for a long time. However, the
situation was dramatically changed in 2018 when LHCb
reported a new measurement of the charmed baryon Ω0

c

lifetime using semileptonic b-hadron decays [12]. More
precisely, LHCb found τ(Ω0

c) = (268± 24± 10± 2) fs, us-
ing the semileptonic decay Ω−

b → Ω0
cµ

−ν̄µX followed by
Ω0

c → pK−K−π+. This value is nearly four times larger
than the 2018 world-average value of τ(Ω0

c) (see Eq. (2))
extracted from fixed target experiments. As a result, a
new lifetime pattern emerged

τ(Ξ+
c ) > τ(Ω0

c) > τ(Λ+
c ) > τ(Ξ0

c). (4)

The LHCb observation of a huge jump of the Ω0
c baryon

lifetime in 2018 is very striking from both experimen-
tal and theoretical points of view. This is the first time
in the history of particle physics that the lifetime of a
hadron measured in a new experiment was so drastically
different from the old one. The LHCb has collected 978
events of the b-tagged Ω0

c decays which is about five times
larger than those accumulated by all predecessors FO-
CUS, WA89 and E687 of fixed target experiments [12].
As stressed in Ref. [13], the lifetime value measured is
so large that could have been easily measured much ear-
lier than 2018 by experiments at e+e− colliders whose
resolution is about 150 fs typically. Since CLEO-c and
Belle have both observed the Ω0

c and measured its mass,
they should/could have measured quite easily the lifetime
value as done by LHCb [13].
In 2019, LHCb has reported precision measurements

of the Λ+
c , Ξ

+
c and Ξ0

c lifetimes [14] as displayed in Table
I and Fig. 1. The Ξ0

c baryon lifetime is approximately
3.3 standard deviations larger than the world average
value. Finally, this year LHCb [15] reported a new mea-
surement using promptly produced Ω0

c and Ξ0
c baryons

with 5.4 fb−1 of the LHCb data in which Ω0
c and Ξ0

c were
reconstructed through their decays to pK−K+π+. The
results are

τ(Ω0
c) = (276.5± 13.4± 4.4± 0.7) fs,

τ(Ξ0
c) = (148.0± 2.3± 2.2± 0.2) fs. (5)

Hence, the previous LHCb measurement of τ(Ω0
c) based

on the semileptonic decays of Ω−

b is confirmed and its pre-

0 100 200 300 400 500
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Prompt
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           LHCb
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0
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cΛ
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FIG. 1. Previous world-average values of the charmed baryon
lifetimes from the PDG [10] and the LHCb measurements of
the Ω0

c and Ξ0
c lifetimes obtained from semileptonic Ω−

b
decays

and prompt signals. The combined LHCb results are shown in
coloured bands. This figure is taken from the supplementary
material provided in Ref. [15].
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Signal samples

• Large, clean samples 
minimize background-related 
systematic uncertainties 

• Use only low-track-
multiplicity, large-BF 
decay modes  

• Remove charm from B 
decays (originating from 
displaced vertex) to avoid 
bias in charm production-
vertex position
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Determination of the decay time

• Calculate decay time (and its uncertainty) from D production 
and decay vertices, and from D momentum 
• Production vertex constrained to e+e− interaction region 
• Momentum vector provides flight direction and helps 

determination of the decay distance 
 
 
 
 
 
 

• Average decay distance ranges between 100 and 500 μm for the 
charm hadrons under study
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Figure 3. (Colors online) Nano-Beam
scheme.

Belle II Detector [735 collaborators, 101 institutes, 
23 nations]electrons  (7 GeV)

positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +  
4 layers Si double sided strip DSSD

Belle II TDR, arXiv:1011.0352

EM Calorimeter
CsI(Tl), waveform sampling electronics

Central Drift Chamber
Smaller cell size, long lever arm

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC  
(end-caps , inner 2 barrel layers)

Figure 4. (Colors online) Belle II detector.

3. Physics program
The experiment aims to investigate with high precision several heavy flavour physics fields as a
B-factory [2]. The detector together with the collider will provide important advantages in the
context of a physics analysis. SuperKEKB will produce coherent couples of B mesons from �(4S)
resonance in a clean environment w.r.t. experiments using hadronic machine and large data
samples of B, D and ⌧ with low background will be collected. Another important characteristic
given by the detector is a good hermeticity which, together with good reconstruction e�ciency
and resolution for neutral particles as �, K0 and ⇡0, will provide important advantages for
decays with missing energy.
Taking advantage of the exclusive features just mentioned, part of the Belle II physics program
can be summarized as below:

• Unitarity Triangle (UT) angles and CKM matrix elements: CP violating measurements
(time-dependent and time-integrated) allow to discover new possible CP-violating phases
that indicate the existence of SM extensions;

• Flavour Changing Neutral Current (FCNC): penguin processes described by quark
transitions like b ! s and mixing processes of neutral meson states allow to search for
New Physics (NP) in loops;

• Leptonic decays and Lepton Flavour Violation (LFV): study of ⌧ and leptonic B decays in
order to probe NP scenarios which take into account NP models i.e. extended Higgs sector
or right-handed neutrino couplings. LFV can be investigated mainly thanks to the clean
environment provided by a B-factory which makes Belle II highly competitive (Fig. 5);

• Dark sector: search for dark matter candidates i.e. dark photon (Fig. 6). Belle II will
use a dedicated single photon trigger in order to be able to reconstruct its decay into an
invisible final state (the signature is the presence of a single photon and missing energy).
Some results can be obtained before the beginning of Phase 3.

• Hadronic spectroscopy and quarkonium: a di↵erent center of mass energy of the collider
is needed in order to produce resonances like ⌥(3S),⌥(5 S) and ⌥(6S) allowing to study
several intermediate bounded states and their properties.

SuperKEKB ‘‘nano beams’’

• SuperKEKB requires much smaller 
interaction region than KEKB in order to 
reach design luminosity of 6×1035 cm−2s−1 
• Nano-beams concept (P. Raimondi) 

realized with super-conducting final 
focus quadrupoles already achieved 
world luminosity record of 
4.7×1034 cm−2s−1 

• Belle II’s small luminous region dimensions 
(in transverse plane) provide effective 
constraint on the charm production vertex 
• Variation of position and size of 

luminous region measured every 
~1-2hrs using dimuon events
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Dimensions of luminous region at 
Belle II are 10/0.2/250 μm (x/y/z) 
compared to 100/1/6’000 μm at 

Belle. Ultimately, y size expected to 
be decreased to ~60 nm



BABAR

Belle II

Belle

High-precision vertexing

• Silicon vertex detector 
• 2-layer pixel detector (PXD) 
• 4-layer double-sided strip detector (SVD) 

• PXD 
• Innermost layer is only 1.4 cm from the interaction 

region (×2 closer than in Belle) 
• Very low material thickness (0.1% X0/layer for 

perpendicular tracks) 
• Excellent hit position resolution 

• ×2 better impact-parameter resolution than Belle/BaBar 
shows in decay-time distribution 11

2nd PXD layer partially 
installed during 2019-2022 

(now being completed)

D0→K–π+
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Determination of the lifetime

• Unbinned maximum-likelihood fit to the 2D distribution of 
decay time (t) and decay-time uncertainty (σt) 

• Signal distribution is convolution of exponential with 
resolution function 
 
 

• Background contamination (ignored for D0 decays) 
modeled using sideband data (SB) 

• Signal region and SB are fit simultaneously with all shape 
parameters free; the background fraction is constrained to 
the result of the mass fit; no inputs from simulation
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4 Lifetime fit308

The lifetime is determined using an unbinned maximum-likelihood fit to the 2D distribu-309

tion of decay time t and decay-time uncertainty �t. The signal PDF is assumed to be the310

convolution of an exponential distribution with a resolution function that depends on �t:311

pdfsgn(t, �t|⌧, b, s) = pdfsgn(t|�t, ⌧, b, s) pdfsgn(�t) (3)312

/

Z 1

0

e�ttrue/⌧R(t� ttrue|b, s�t)dttrue pdfsgn(�t) . (4)313

314

The resolution function R is parametrized as a double-Gaussian distribution with common315

mean b and widths s1�t and s2�t:316

R(t� ttrue|f1, b, s1�t, s2�t) = f1G(t� ttrue|b, s1�t) + (1� f1)G(t� ttrue|b, s2�t) , (5)317

where f1 is the fraction of the Gaussian function with width s1�t relative to the total. The318

parameter b is left free to float in the fit to account for a possible bias in the determination319

of the decay time. The width corresponds to the per-candidate �t scaled by free-to-320

float factors s1,2 to account for a possible misestimation of the per-candidate decay-time321

uncertainty. In the D0
! K�⇡+⇡+⇡� and D+

! K�⇡+⇡+ cases, simulation shows that322

a single-Gaussian resolution model may be su�cient to fit the data (Section 3); in those323

case the parameter f1 is fixed to unity and a single scaling factor s = s1 is used. The t vs.324

�t correlations observed in Section 3 are neglected in the fit and a systematic uncertainty325

is assigned as discussed in Section 5. The PDF of �t is described by a fixed template326

(histogram) obtained directly from the data.9327

In the D0 case, the signal region contains sub-percent-level fraction of background328

candidates. Hence, sensitivity to the background contamination and to how it a↵ects329

the decay-time distribution is very limited. For the sake of simplicity, the background330

is therefore neglected in the fit and a systematic uncertainty is later assigned. On the331

contrary, in the D+ case the signal region contains a non-negligible amount of background332

which needs to be accounted for in the fit. The background is modeled using a PDF that333

is empirically derived from sideband data (Section 2) and consists of the convolution of a334

zero-lifetime component plus two long-lived components with a resolution function that335

depends on �t:336

pdfbkg(t, �t|⌧b1, ⌧b2, fbl, fbl1, b, s) = pdfbkg(t|�t, ⌧b1, ⌧b2, fbl, fbl1, b, s) pdfbkg(�t) (6)337

with338

339

pdfbkg(t|�t, ⌧b1, ⌧b2, fbl, fbl1, b, s) = (1� fbl)R(t|b, s�t)340

+ fbl
⇥
fbl1pdfbl1(t|�t, ⌧b1, b, s) + (1� fbl1)pdfbl2(t|�t, ⌧b2, b, s)

⇤
, (7)341

342

where pdfbl1,2 has the same functional form as the signal PDF, but with lifetime ⌧b1,2.343

The assumption is therefore that, for a given candidate with decay-time uncertainty �t,344

9
In the D0

case, the PDF of �t is obtained assuming that all candidates in the signal region are signal

decays. In the D+
case, instead, the template is obtained from the candidates in the signal region after

having subtracted the distribution of the sideband data.

32

Fixed from data (binned 
template)

 (Single/Double) Gaussian resolution function 
with mean b (bias) and width sσt (scaled to account for 

underestimation of the uncertainty)
 True (exponential) distribution



Contamination from Ξc→Λc+π decays

• Contribution from Ξc→Λc+π decays could bias Λc+ 
lifetime 

• Production rate of Ξc not known, Ξc0 branching 
fraction measured to be ~0.55%, Ξc+ branching 
fraction expected to be ~1.11% 

• Reduce possible contamination with veto and correct for 
remaining 

• Attach pions to Λc+ candidates and require m(Λc+π) 
− m(Λc+) to be 2σ away of expected value 

• Conservative estimate of surviving contamination 
from fit to Λc+ flight distance in transverse plane 

• Introduce estimated contamination in simulation to 
evaluate lifetime bias  

• Take half the shift as correction and as systematic 
uncertainty
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Results
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D0

D+

τ(D0) = 410.5 ± 1.1(stat.) ± 0.8(syst.) fs
τ(D+) = 1030.4 ± 4.7(stat.) ± 3.1(syst.) fs

PRL 127 (2021) 21801
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D0 D+ Λc+

Ωc0

Results

• World-best D0, D+, Ds+ and Λc+ lifetimes 
• Confirmation of LHCb result indicating that the Ωc0 is not the 

shortest-lived weakly decaying charmed baryon 
• Benchmark for decay-time-dependent measurements in bottom 

and charm 
• Tiny systematic uncertainties (e.g., 0.2% for D0) demonstrate 

excellent performance and understanding of the Belle II 
detector (e.g., alignment). Never achieved at previous B 
factories
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Conclusions and outlook

• Belle II has on tape a sample 
equivalent to that of BaBar, half of 
Belle 

• Better (and better understood) 
detector, refined analyses: 
already achieved competitive or 
world best results 

• More on the way: some are 
unique to us 

• Will resume data-taking next 
Winter. Meanwhile we keep refining 
our tools to further boost the reach
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DATA TAKING SCHEDULE
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Backup slides
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The Belle II detector
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KL & μ Detector 
Resistive Plate Counter 
  (barrel outer layers),  
Scintillator + WLSF + MPPC 
  (end-caps, inner 2 barrel layers)

7.
1 

m

7.4 m

electrons (7 GeV)

Particle Identification 
Time-of-Propagation counter (barrel),   
Proximity focusing Aerogel Cherenkov Ring Imaging detector (forward)

EM calorimeter 
CsI(Tl), waveform 
sampling electronics 
(barrel+endcaps) and 
precise timing

Vertex Detector 
PXD: 2 layers DEPFET Si pixels 
SVD: 4 layers double-sided Si strips

Central Drift Chamber 
He(50%):C2H6(50%), 
small cells, long lever 
arm, fast electronics

positrons (4 GeV)

SC solenoid 
1.5 T B field


