Alan Schwartz
University of Cincinnati, USA

Vilith International Workshop
on Charm Physics
Bologna, Italy
9 September 2016

. Charm Physics
S 2y M|  Prospects at
JUEE e} Belle II

.

S lu"'-;w \vlh

motivation

upgrading Belle/KEKB — Super B Factory
mixing and CPV

leptonic and rare decays

detector status and schedule




') o
) Motivation

Belle II

Why an e*e- Machine for Charm Physics?

Low backgrounds, high trigger efficiency,
excellent y and a° recontruction (and thus n, n’,
p*, etc. reconstruction), high flavor-tagging
efficiency with low dilution, many control
samples to study systematics

Due to low backgrounds, negligible trigger bias,
and good kinematic resolutions, Dalitz plots
analyses are straightforward. Absolute
branching fractions can be measured. Missing
energy and missing mass analyses are
Straightforward.

systematics quite different from those at LHCb.
If true NP is seen by one of the experiments,
confirmation by the other would be important.

Belle Il goal: to increase the sampe sizes over
what Belle achieved by a factor of 50 (>4 x 1079
BB pairs)
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W=y KEKB — SuperKEKB (nano-beam)

Belle II

Belle II Pt
Colliding bunches

New IR ><
o~ A S

New superconducting /
permanent final focusing
quads near the IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

HHHHHHH
<+
P oveniaree

Redesign the lattices of HER & Damping ring ”\\

LER to squeeze the emittance ‘ i

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

LR R RN
Add / modify RF systems | . st
for higher beam current =

Positron source

New positron target /
capture section

[NEG Pump]

— [SR Channel]
[Beam Channel]




.:B The Belle II Detector

Belle II

Csl(TI) EM calorimeter: . 7.4 m " RPC 4 &K, counter

waveform sampling
electronics, pure Csl
for end-caps

scintillator + Si-PM
for end-caps

4 layers DS Si Vertex

Detector — '
2 layers PXD (DEPFET), 50m
4 layers DSSD ,,
-+ Time-of-Flight, Aerogel
' Cherenkov Counter — |
Central Drift Chamber: ’ Time-of-Propagation couniter

~(barrel); - :

prox. focusing Aerogel RJC:QH
(forward) 4

smaller cell size,
long lever arm
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D
a1 Belle I Vertex Detector Upgrade

Belle II

Vertex [cﬁ%j layers
detector: S

- B
double layer  10F = “x.
of DEPFET i 3
pixels + 4 ol AT
P I T T A TN T T T [N T T T T [ T T T T N T T T T [ T T S T [ Y T B
layers DS 30 20 40 0 10 20 30 40
Si strips [em]
|
Bellell MC PRELIMINARY
0 . . .
D" vertex resolution Doy roso 0.4 = + Bellell o, (longitudinal)
5 40T NI PRECIMIN AR | 221 . : gjgj I{; o4o (transverse)
= - . = " L) R z0
§200l_s . =re LTt [RMSx o 3901
?;3005 eEe 'l. s RMS, 39.13 1600 0.3 = ® B.B4R Gdo
>200F . At A
S "SI L Belle II'VXD Tracking
0 - ad h ".‘"_': ™, T 200 g 0.2 | performs a factor ~2
:_..-'_:-l.:'\ 2 '_. o _: —1000 ~ (o] better than BABAR
O+ "= S .
- ‘-'-j_-'E" et = ] 0
C P *", =+ ] 800
-1003— r_..ﬂ;:__il-',.__ - . T-.‘;' < E . -
L -t - ' 6
a0f ER] s N Belle II:
e 1 1. R AR 400 ol | 0=40um
C it e T CH "=
-3005—. " ._.F-'.-"?.:.-. . ) 200 r
40955566566 '165""'(')""1'66":'z'éd"éc')d"ioo 0 0 1 2 3
T Xnea = Xgen (M) Transverse Momentum (GeV/c)
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D

¥ D'—K'K- Decay Time Resolution

I4 ¢ mp
= e = = -+ 0.t
G 5'}"3 c ﬁ 1gooo- T T ! — D™ =D,
| C Bellell MC y DV S KK
/ \_ 16000 PRELIMINARY ]
TRANSVERSE PLANE wa000F- E
120005— —f
10000 —
8000 —
6000 —
4000 =
2000/ —
0: | - J/%'/k-.; . | .
D -2 15 1 05 0 0.5 1 L 15tgen (ps)z
proper time pulls - signal events pll_cat1
o =
s 7 W P resolution = 0.14 ps
20 T (2x better than Belle/
2000;— M.ean 0.04839+ 0.00421 BaBar (0_27 pS)
60nm beam spot pulls distribution ok
10um rofile o0
N\ H 12 f /7 NI 0 Kr, mr results similar
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D

1 Mixing/CPV precision for D'— K*mr

Belle 11
_ o Preliminary
® generate D'— K'n- decays with mixing (study Il: + CPV) - R
® smear decay time according to resolution o = 0.14 ps = Mean 04347 0001641
® generate and fit ensembles of 1000 experiments -
corresponding to 5, 20, 50 ab™" of data) i oread o
Toy MC study #1: no CPV
® fit decay time distribution for Rp, x?, y’
® use same PDF for D° and D°bar (convolved with e e
Gaussian resolution function) At
AN (D= ) . @ty .
- x e~ {RD + JRpy'(Tt) + — (1) } ol residuals
Toy MC study #2: include CPV o
® fit decay time distribution for Rp, X, y’, |a/p|, ¢ na
(note: sensitive to sign of x) -

] use dlfferent PDFS for DO and DObar (Con Volved Wlth 9 60T 300050 0066-3.00040.0002 0 ‘o.‘ooo‘z‘010(‘164‘010(‘)0,‘2‘0}?(‘)68‘ 0.001
the same Gaussian resolution function) o (frue)

220
200
180

h504f

@
re SlduaIS Entries 746

2 2 2 E:

I . J— w + — 160 — Mean 0.02205 + 0.005747

DO(Z) “ {RD —l_ % RD(y, COS ¢ - a:, Sln ¢) (Ft) —l_ Ig) ( 4 y ) (F t)z} 140? Std Dev 0.157 = 0.004064
— 2 2 2 80;
DV(t) o {RD 2 Ry cos g+ ' singy (T + | 2] t)?} o

22—;1‘.5‘ — ‘—‘1‘ - ‘—O‘.SJ_‘P“L“J-(‘Jmag‘ — 1‘ — ‘1.‘5

A¢ (fit-true)
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Belle II

Toy MC no CPV results (preliminary):

D
o] Lffect upon Mixing and CPV Precision

x2(x10°) x’ (%) 144 072 7.0 0.35 44 022
y (%) 0.156 0.075 0.047
Toy MC allowing for CPV results (preliminary):
x (%) 0.37 0.23 0.15
Y (%) 0.26 0.17 0.10
lg/p| 0.197 0.089 0.051
¢ (deg) 15.5 9.2 5.7

A. J. Schwartzg

CHARM 2016, Bologna, Italy

Belle II Physics Prospects

LHCb 3 b

4.3
0.08

competitive for y’?



£ i s 091103(R
QB% Mixing/CPV Precision for D'— K¢ wtmw=:  (o19 (R)

Fitting the time-dependent Dalitz plot yields Semoenes || Amoiude  Phese () 06 Beeion
X, ¥, |g/pl and ¢ = Arg(q/p) K*(892) | 1590+£0.003  131.8+0.2 0.6045
" Signal yield determined from 2-dim. fit to KZ(M?’O): Alla9=sCiULD =ledpes Ly D
M, and AM =M, _— M, . Yieldis 1.2 x K3(1430) 1.150 £0.009  —41.5+0.4 0.0221
JT. T " - % _
106 events with a purity of 96%. K*(1410) 0.496 + 0.011 83.440.9 0.0026
K*(1680)~ | 1.55640.097  —83.241.2 0.0016
®  For events in signal region, do unbinned ML K7(892)" 0.139+0.002  —421£07 0.0046
fit to m* = M (Kr* 2. m = M(KJ'L’)Z, and decay K;(1430)* 0.176 £0.007 —102.3£2.1 0.0005
time t. Fit parameters are X, y, t, resolution K3(1430)* | 0.077£0.007  —32.24£4.7 0.0001
function parameters (2-3 Gaussians), and K*(1410)" | 0.248+0.010 —145.7+2.9 0.0007
decay model: magnitudes and phases of 13 K*(1680)* | 1.407 4 0.053 86.1 4+ 2.7 0.0013
intermediate resonances. p(770) 1 (fixed) 0 (fixed) 0.2000
. _ . . w(782) 0.0370 4 0.0004  114.9+0.6 0.0057
Do fit §eparately (+ simultaneously) for D £>(1270) 1.300+£0.013  —31.6+0.5 0.0141
and D"bar samples to obtain |q/p|, ¢. p(1450) 0.532£0.027  80.8+2.1 0.0012
Fit projections: 3 > 15000 >
(fltted function g 60000 :l.g i g 10000
describes the 2 < 10000- 2
data well) B 40000 3 3
s < i S 5000/
:>jzoooo :>j 000 :>_: I
L I T I T R
2 27,4 2 2/.4 2 27,4
m? (GeV</c") mz (GeV“/c") m2_ (GeV“/cY)
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D
¥ Mixing/CPV Precision for D'— K, ntmw

Belle 1T
' Observable Statistical Systematic Total TBette 11 = \/ (0 + 03et) " 5 Bi‘el + 02 e
.‘ red. irred.
e LHCb 3 fb-!
§"" . [1077] (arXiv:1208.3355)
X 1976 fb~! 0.19 0.06 0.1 0.20
50 ab~? 0.03 0.01 0.11 0.11 0.2
ol lg/p|Ks™ ™ (1072
P l976 -1 5956 7.0-6.7
0.7-0.8 7.0-6.7 20
Yy
0.06 004 0.16
150 ab~? 0.02  0.01 004 0.05 0.2
¢ A ¢K5ﬁ"1r_ [o]
1976 fh~1 10.7 4.4-45 3.8-3.7 12.2
‘ 15

0.6 3.8-3.7 4.0-4.2

® irreducible systematics related to Dalitz plot model; this will improve with model-independent

approach (using BESIII binned phases)
® improvement in proper time resolution not included here
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D

=] D'-D" mixing and CPV

Belle 11

Earlier Estimated Uncertaintes (M. Staric, KEK FFW14):

Analysis Observable Uncertainty (%)
Now (~1ab™') L =50 ab™!
K9mtm™ x 0.21 0.08
y 0.17 0.05
la/pl 18 6
¢ 0.21 rad 0.07 rad
ntn—, KTK~ Yop 0.25 0.04
A, 0.22 0.03
Ktn— x'? 0.025 0.003
Y 0.45 0.04
lq/p| 0.6 0.06
¢ 0.44 0.04 rad

Note: statistical error and some systematics scale by luminosity, but other
Systematics do not.
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D

=) Mixing Constraints in the D'-D" system

Belle II

Now: 50 ab’:

m CPV allowed 215
>

1.2 CHARM2015 |

o

'x,y).=.(0.8,.0.7) CPV allowed

Belle Il 50 ab™!

0
-0.2- Bio - o
B 20 B 20
_0.4“ 30 B 30
i 40 0,; 40
__W}}}l%%iiklkl1%4%%%1111%4}‘.50’ _'¥ 1111}1111{11111111.50
-06-04-02 0 02 04 06 08 1 1.2 -0.5 0 0.5 1 1.5
x (%) X (%)

Current measurements of x, y give many constraints on NP models
[see Golowich et al., PRD76, 095009 (2007); 21 models considered, e.q., 2-Higgs doublets, left-
right models, little Higgs, extra dimensions, of which 17 give constraints]
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D

=) CPV Constraints in the D'-D" system

Belle 1T
Now: 50 ab’:
m H7 ~ - —_
CHARM 2015 2(07 g {|<7/P|,¢) - (O '91 0) Belle I 50 ab™!
60 N30 2. 60
B 40 o B
- 50 T -
40 :.’, 40
- < 1
20 207
L L o=
o m &
- - &
-2 -20-
-4 -40- Bio
B B 20
-6 -6 " 30
B B 40
I | | | | | | | | | | | Tlllllllllllll1111111111.50
0.6 0.8 1 1.2 14 1.6 0.2 04 06 0.8 1 12 14 16 1.8
la/pl lo/pl

Note: LHCb will dominate most of these measurements, but Belle Il should be competitive in yp and

possibly in x?2, y’, |g/p|, ¢ (see Staric, KEK FFW14). If LHCb sees new physics, it would be important
for Belle Il to independently confirm.
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Belle II

[Longki Li, USTC] time-dependent Dalitz plot fit:

Mixing/CPV Precision for D'— K* wn’

A. J. Schwartz

CHARM 2016, Bologna, Italy

(1 order of magnitude more precise than BaBar)

2r T T T T T 220 X10° 0 10°
181 200 s TTTTTTTTTTT TR I T R T ‘: = o 3
165 180 25k 1% 7 1% S ER
35 14F 160 1S o EE N a
< v a3 8. S84 18"
[ E 120 F 18k 18 -
o 1 100 1.5~ 1o 4 E- 4 81w
oF %0 80 : g s R g
3 60 17 18 o El 27 1"
0-4;_ 40 0.5 1 Lﬁ 1; 7; Lﬁ 1} - 5
0.2 20 E ] E ] 1;...J..‘.\.‘.‘J‘.‘.\.‘.‘l‘.
A T e T N s : %oz o4 oe as T iz Taie ez %05 i s 728 om0 0 f000 060 - Sono 4000
0 0.5 1 1.5 2 2.5 3 mz, (GeV2icY) m2,, (GeV?ic?) m2, (GeV?/c?) D" lifetime (fs)
mZ_(GeVZc?)
Ensemble of 10 experiments, decay time resolution =140 fs, x,, = 2.5%, y,, = 0.4% :
w/ time smearing i _
6 [~ | | Entries 10 5 Entries 10
[ T | T T T T T I T T | T : -
0 008_— pre limina ry ] 5F Mean 0.02594 43_ Mean  0.003441
I i o f Std Dev 0.0005697 o I Std Dev 0.0004906
L i o 4 ] r
0.006~ — E I E 3p
i ] o 3 o C
i ] ;§§ C :§§ oL
N0 X0 RN (= . o S = E of _|_ E
i i 1:_ 1
0.002— — F | | i
i ] ob———1 1 L NAL L A B 0 N . . M
L i 0.024 0.026 0.028 0.002 0.004 0.006
Un 7 X y
1 I 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 —_— 1 —_—
0022 0.024 0028 0.03 = Ox"=0.067% oy” = 0.049%

Belle Il Physics Prospects
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Direct CP Asymmetries

D
/O
Belle IT

Marko Staric, CKM 2014: A V (Ot o2 e op | mainly due to
o stae T Tays ab™ Tiere interaction
asymmetry
mode L (fb™1) Acp (%) Belle Il at 50 ab™!
DY — K+K— 976 —0.32+£0.21 +0.09 1+0.03
D® — ntq— 976 +0.55 £ 0.36 = 0.09 40.05
D% — w%o 966 —0.03 £0.64 £ 0.10 +0.09
D® — K970 966 —0.21 £0.16 £ 0.07 1+0.03
DY — K97 791 +0.54 4+ 0.51 +0.16 10.07 modes with
D° — K% 791 10.98 £ 0.67 £ 0.14 40.09 n’'s are
DO — 7tr— 70 532 +0.43 £ 1.30 +£0.13 L Qe
D° — Ktmg— 70 281 —0.60 £ 5.30 10.40
D » Ktn—ntn— 281 —1.80 £+ 4.40 +0.33
Dt — ¢t 955 +0.51 £ 0.28 £ 0.05 1+0.04
Dt — nnt 791 +1.74 £1.13+£0.19 1+0.14
Dt — 'zt 791 —0.12+1.124+0.17 1+0.14
Dt — Kot 977 —0.36 + 0.09 + 0.07 +0.03
DT — KOK™ 977 —0.25+0.28 +-0.14 +0.05
D — Ko™ 673 +5.45 £ 2.50 + 0.33 +0.29
Df — KK+ 673 +0.12 £ 0.36 £ 0.22 4+0.05
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Belle 11

Leptonic Decays D " — £v

Anze Zupanc,

B2TIP Workshop, + . 4+ +
2014 D™ — u'y, D — 0Ty,
m I
August 2014 August 2014
CLEO-c |- 250.84+ 9.8 +£4.8 |
CLEO-c | ° 457+124+04 | BaBar [ #vu 2589 +£7.7+£82
Belle |- 2431+ 644+49
- revr  B—e—H# 24614+ 109+54 |
CLEO-c | 7(m)vr —e—127144+168+52
- (p)vr 250.4 £12.34+57 |
BESIII —e— 464+19+0.6 BaBar | " ———+— 240.7 £12.3 4+ 16.1 |
(e ——o——1 236.4 4+ 11.1 4+ 13.1
L (e)vr H—e—H 247.4 £ 76723 N
Belle | m(w)vr ——o—H 2585 £8.2771
- r(mvr H—e—H  2624+93702 |
Average | —o—1 459+10+04 R 2490+45+36 |
Average | Tvr 251.4+40+41
| | | | | | | vy + TUr a 250.6 £3.1 £3.3 —
| |

40 42 44 46 48 50 bH2 54
fD’ Vcd’ [MeV]

|
200 250 300 35(
fp,| Ves| [MeV]

Agreement between experiments and different decay modes.

Taking fp =209 4+ 3.3 MeV and fp, = 248.6 £ 2.7 MeV from FLAG2:

V.q = 0.219 = 0.005(exp.) = 0.003(LQCD)
V,s = 1.008 & 0.018(exp.) & 0.011(LQCD)
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Belle II

Leptonic Decays D " — £v

Method: use energy/momentum conservation to search for rare D*— ¢'v , D"— vv, etc.

+ -
ee — Dtag Xfrag Dsignal
Charm tagging D,,, decay modes
T DY decay D+ decay AT decay D7 decay
\NT/ K—nt K—ntm+ pK—m™ KTK -7+
Xfrag K—n+qa® K—atata® pK—ntatn? ||KOK+
et T e K nmntnt K2%n+ pK 2 K2KS%n"
K- a atata?|| KSn*+a® An™ KYK—a+q®
: )/ \ Kon+rm— Kentata— Anta® KEK ntnt
Diag Dsig Kanta—a" KtK—=w* Antata—
(DD, D%, D%, AY) \
i_)sﬂig s (*)
Xfrag for Diog
D|:+]— D[i-]ll ‘lL_ Dl,:xH-
nothing(K™K™) || «"(K"K"™) TP K, 7K
T (KTK™) ata’(KYK™) 7t a'p ol (e gtV K-
mta (KTK™) ||sta st (KYK")||atn~ntp|| ata~Kg, =t~ 7Kg
T ' (KYK™) ate at K-
For D, require 1 lepton track (D*— ¢'v), no additional tracks (D*— vv ) etc.
' (depending on signal mode)
A. J. Schwartz CHARM 2016, Bologna, Ital Belle II Physics Prospects 17
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Events / (0.002 GeV )

Pull

$ Leptonic Decay D;"— u"v

Belle 11

® Require 1 ch d track ' ID and
- it N quire 1 charged track passing u ID an
e — Dtag Xfrag KD — DS Y pointing to IP
®* FittoD,, X,,, Ku"y missing mass
L S S ) e e ow e e e e e
| Inclusive D, Signal X rag = nothing NA N o
" %.) 60 _ %‘rguc ]l)g Background
(O] Combinatorial Background
S
S 40
P
£ 20
>
w
0
— 5F
3 of
) ) L L ) ) L L ) -5 L L L L L L L L L L | L L L
1.85 1.9 1.95 2 205" 02 0 0.2 0.4 9.6
Mics(D,, KXpragt) [GeV] M ss(D,, KXiragr1t) (GEV?)
489 exclusive D;"— u*v

= Belle Il yield in 50 ab’’: 5.2 x 10° inclusive
27k exclusive D, — u*v

= A |V | = 0.004 (stat), well below theory error (LQCD) of 0.011
Afyg = 0.9 (stat), well below theory error (FLAGZ2) error of 2.7
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$ Leptonic Decay D™— u'v

Belle 11

- D X. KD“ —Dx® ® Require 1 charged track passing u ID and
tag ““frag pointing to IP
®* FittoD,, X, n*n' missing mass
3 MC Simulation [5.5 ab™]
x10 MC Simulation [5.5 ab™]
. 80 p* —>u v,
% 100— Recoil D+ 5 L D'SK M ‘v, background
= Background 8 60— D'-K n*background
g - g | Remaining background
g 5 40
< <t
:>j . 5 20
I ¥ E Y A > 6
1.84 1.85 1 187 ‘ '
Mee(D,, Xira 1, 11) [GeVA2]
mlss(D Xfrag slow) [GeV] reg”!

=> Belle Il yield in 50 ab’: 3.5 x 106 inclusive
1250 exclusive D*— u‘v

= AV, = 1.3, competitive with CLEOc (1.2) and BESIII (1.9)

A. J. Schwartz CHARM 2016, Bologna, Italy Belle Il Physics Prospects 19




Q(B Leptonic Decay D'— vv (nothing)

Belle 11

) * ® Require no extra charged tracks, y, n°, eftc.
‘e =D, X,  D*—D'xn* nal: ¥
tag “<“frag s ®* FittoD,, X, m, missing mass and ECL
isolated energy distribution:

«10* B
: : * Data > : * Data
' 140 E | | m—Fit result
! C = Fit result m L - Signal +
; 12&-_-Inclu3ive o* wy 200 H we m D background + o
) 47| smmm Background & ] f— non-0° background + + +
L[ o r .
e B [
: T wol-
o e

i w r
Hel [

L 100~ i . —

b - . ar LI :'!. sl
B Iu..,j.;l-“ A

[ ] ‘f “ ull
- !II-.'—'J Lo
20 o (T &0 n

75 _-L!J

184 13845 185 1.855 186 1855 18? 1
[GeWc]

Belle yield: 694505 inclusive

-1
no signal for D°— vv } 92410

=> Belle Il yield in 50 ab’’: 38 x 10° inclusive D’ decays
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$ Inclusive

Belle II

Ar—X

+ -
e'e =D,

Xfrag V4 Ac+

MC Simulation [5.5 ab™']

20000

10000

Events per 0.

o 22 T 24 T 26

 Recoil A
Background

Mmiss(Dtangragp) [GeV]

= Belle Il yield in 50 ab’’: 2.8 x 10° inclusive

Unique sample:

® a
® 23
® 23

A. J. Schwartz

llows measurement of A, absolute branching fractions
llows measurement of semileptonic A, decays
llows searches for A, rare decays with missing energy

CHARM 2016, Bologna, Italy Belle Il Physics Prospects
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Belle 11

Rare/Forbidden D ™ Decays

www.Sslac.stanford.edu/xorg/hfag/charm/
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D
] SuperKEKB construction status

Belle II

Accelerator completed, now circulating beams:

S

D2(Oho-side) D1(Nikko-side)

A. J. Schwartz CHARM 2016, Bologna, Italy Belle II Physics Prospects 24



D

&) Belle I construction status

Belle II

ITOP optics assembly and
installation completed

‘
. |
[ | Il
| i | oy
|
' "
T T s M
PRERTR RN W

CDC: Wire stringing completed
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) Schedule

Belle II

70¢
Phase 1: %‘ auE
. 7 SN U . BN B U S——
acce/e_ratpr ) £ - - o <] Belle Il Goal
commissioning (now E 50 L Ll
complete) = : 2 n |0 :>
4D_ N BT8R 4
® no detector (under E : % ‘.: ‘:E
assembly) %._.. 30— o o
£ 8 20F
Phase 2: -~ 10;
. = . = : 5
first .CO//ISIOI’IS 11035 » Total BaBar+Belle Luminosity
® partial detector R | e ', _
® background study ’@' F TR /T SuperKEKB Goal
Phase 3: E—~ 4t
® full detector (pixels in) <P SF | |
® first physics data run § : i KEKB Performance
= %016 2018 2020 2022 2024
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D
] Summary

Belle II

A.

® B factories have proven to be an excellent tool for charm physics, producing a
wealth of physics results, having reliable long-term operation, and having constant
improvement of performance.

® Major upgrade at KEK in 2010-16 = Super B factory: £ x 40 = 50 ab’'.
Essentially a new experiment, most detector components and electronics are
replaced.

® Belle Il will have a rich charm physics program: it should improve precision of
mixing/CPV parameters, direct CP asymmetries, precision of V ,, V. from
semileptonic decays, decay constants fy, f,,, measurements of charm baryons,
much lower limits on rare and forbidden decays, etc. Many final states studied
(e.g., those with lepton-v, 7°, n, 7, etc.) will be complementary to those studied at
LHChb.

® Detector is now mostly installed, will be completed and fully commissioned in
2017, with first data in 2018.
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Q(B How to achieve L~10°°? Super-KEKB

Belle IT

Beam-Beam parameter
Lorentz factor

Beam current
\ \ Geometrical

* reduction factors
L yi 1 O'v Ii yt o (crossing angle,
= + " hourglass effect)
* R (0.8-1.0)
2er, o) ) B..

Vertical beta function at IP
Beam aspect ratio at IP

(0.01-0.02)
Two options I (current) By E
considered: (amps) (mm)
KEKB achieved 1.8/1.45 6.5/5.9 0.11/0.06
High current 9.4/4.1 3/6 0.3/0.51
=) Nano-beam 3.6/2.6 0.27/0.30 0.09/0.08
chosen (Raimondi for SuperB)

beam size: 100 um(H) x 2 um(V) — 10 um(H) x 59 nm(V)

A. J. Schwartz CHARM 2016, Bologna, Italy Belle Il Physics Prospects 28



Q(B Detector Upgrade

Belle II

Challenges:

Higher background (x20), higher event rate (x10)
= radiation damage and occupancy
= fake hits and pile-up noise in the EM

Targeted improvements:

= Increase hermiticity

= Increase Kg efficiency

= Improve IP and secondary vertex resolution
» Improve /K separation

* Improve 7P efficiency

» Add PID in endcaps

» Add u ID in endcaps

Detector Choices:

= SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs
* CDC: small cell, long lever arm

" ACC+TOF = imaging "TOP”+Aerogel RICH

= ECL: waveform sampling

» KLM: RPC - Scintillator +SiPM (end-caps)

A. J. Schwartz CHARM 2016, Bologna, Italy
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f:B Belle II detector compared to Belle

Belle II

1 | 2 | (] | 7 | 8 10 1 | 12
A LD L
Belle Il SIDE VIEW
Sulber conducting coil | L
B |

1 UM

SVD: 4 DSSD lyrs = 2 DEPFET lyrs + 4 DSSD lyrs

CDC: small cell, long lever arm
ACC+TOF = TOP+A-RICH

ECL: waveform sampling, pure Csl for end-caps
KLM: RPC = Scintillator +SiPM (end-caps)

Belle

Parameters are not fixed yet
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