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- why measure charm lifetimes?

" measurements
mesons: D°, D*, D+
baryons: A", Q0
" comparison with theory
" why measure
leptonic/semileptonic decays?
" prospects for Belle I




QD Why measiuure Charm ll:f'etimes? King, Lenz et al., JHEP 08 (2022) 241

Lenz, IJMP A30 (2015)
D> Lenz et al., JHEP 12 (2020) 199

Gratrex et al., JHEP 07 (2022) 058
Belle I

Theory:

qualitatively understood in terms of simple diagrams, u
e.g., ¢ = S e*v partial width gives G2m2° |V,|%/(1927°)
dependence. Long D" lifetime can be understood as arising
from destructive interference between spectator and color-
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suppressed amplitudes. But this doesn’t include QCD... _ _ _ ﬁ
(d,5) —4——<4—— (d,3) d— ¢———<¢—(
to include QCD: calculate using the Heavy Quark Expansion
(D) = o 3 /(277)46(4)(1913 —px) (X (px)|Hes|D(pD)) |, X' X is sum over final states
2mp X s
— %Im(D|’T|D) where 7T = i/d4az T {Hesr(x) , Herr (0)} via optical theorem
mp
5 T34 T, {Os) 1Ty {Os) + ...+ 1672 (fwe {Os) + T, (Or) + ) via Heavy Quark Expansion
m? . mg mg
Wilson coefficients I’ are expanded ~ ~Z c -~ e
in powers of a4 and calculated ¢ @ ¢ T 1 T NN
perturbatively N4 ./ /u/ g S \U\
= comparing lifetime calculations ‘ / \ / \
with measurements tests/improves \ N N
our understanding of QCD L e ¢ L
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D

&> The Belle Il Experiment

Belle II

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

— |~ (end-caps , inner 2 barrel layers)
EM Calorimeter :
Csl(TIl), waveform sampling electronics

electrons (7 GeV) S

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

Sy |
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N2 ‘,

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

f positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

DEPFET Layer 1 r=14 mm
pixels: [ ayer 2 =22 mm (1/6 installed)

double- Layer 3 r=39 mm

sided Layer4 r=80mm
strips: Layer5 r=104 mm et -t
Layer 6 r=135mm Verte detect
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D

] Charm lifetimes: measurement (@ Belle I1

Belle II

Determine lifetime by measuring
vertex displacement and
momentum:

Belle Il 3 .

IP is measured every 30 minutes
using ete-—» 1 1 events

Uncertainty on t (o;) is calculated
event-by-event by propagating
uncertainties od, , od,, od, , oy, P, ,
op, and their correlations.

The uncertainty o; is used as the width
of a Gaussian resolution function used
to fit the t distribution

decay time resolution is > 2 times
better than Belle/Babar:
80-90 fs vs. 200 fs

t [ps]
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D

/O D|! llfetime !"#$%&!( arXiv:2306.00365, submitted to PRL

Belle II
* SelectD;t— ¢ (¢ = K'K) (low "0 16000
background) % 140002_ Belle I “ I Data
~ = 12000 $— dt =207 b — Total fit
®*  pem(D,F)'> 2.5 GeV/c to eliminate B!'—» D, X 3 10000~ [ e Background
decays (preserves 2/3 of e*e~ — cc events) © 8000L- : : :
0 6000 : :
* require M(¢r*) e [1.960,1.976] GeV/c?; g 4000E
unbinned ML fit give 116k signal, 92% purity. T 2000 e R S R
Background from random combinations of ¢ S o1 03 1.94 1.95 106 167 1.98 195 2 2.01 2.02
and M( /™) [GeVic?
* lifetime determined from unbinned ML fit to t.
Likelihood function for event i:
n —_ i n n n wi 1 ] " P j
L (l |tI I) f sig F)sig(tI | I) P3|g( I) il (1 ! S|g) I:)bkg (t || I) I:)bkg ( It gg(?\ngygﬁz/o4%%’25)
= Belle ¢ Data
1Ot =207 1 — Total f Oz | o
103 - - Background ' — Total fit

- - Background

|T"| IIIII|'|T| IIII|'|T|| 'l III

10

[ERY
o

Candidates per 60 fs
=
(@)
N
Candidates per 11.25 fs
H
o

[ —

o

[EnY w
""ﬂ T IIII|'|T|I-II-II-I|'|I|-IIIII|1T|'| T |||I111]_|'|'

il :I|10<3
12 11 0 1 2 3 4 01 02 03 04 05 06 07 0.8 0.9

t (pS) ns)
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D

</ D,! lifétime I"#$%&! ( arXiv-2306.00365, to appear in PRL

Belle I

®* PDF for signal D, decays:

i i L Lt i " woi !
Psig(tll!ln It) = '_ e't/' R(t ! t;IJ-,S, t) dt

® resolution function! is a single Gaussian with

mean u and per-candidate standard deviation @ 530F Bellell  eAverage
s x o ; u and scaling parameter s are floated cu F 'L dt =207 ' — Ful data fit
g 520? = Run period fit
® PDF for background is taken from fitting E 510? } *
M(¢r*) upper sideband [1.990,2.020] GeV/c? ‘o’ 500 *++ +{ +** + + {
490
®* Result: _ g * +
!D; = (499 5+ 1.7 £ 0.9)fs 480:—‘1‘1‘1‘1‘1‘1‘1 o
FYEIESL8ITITTIS
* Systematic Run Period
uncertainties:
Source Uncertainty (fs)
Resolution function + 0.42
Background(t,! ,) distribution + 0.40
Binning of ! , histogram PDF +0.10
Imperfect detector alignment + 0.56
Sample purity + 0.09
Momentum scale factor +0.28
DI mass + 0.02
Total + 0.87
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Y D and D' lifetimes \$"%&" ( fasiacim 221 #

Belle II

171k D'/ K'"'

* Select D**— Dz (D"— K-7") decays (~no

Belle II ¢ Data
background) 100 . 3 _ Fit
Ldt=72fb"
® pcu(D)'> 2.5 GeV/c to eliminate B - D**X 10° f§ ¥ Bgckgzoullnd
decays [JD# K'K°

D% 1+

* require M(Kr*)e [1.851,1.878] GeV/c? and
M(K-7* ) - M(K-7*) € [144.94,145.90]
MeV/c?; binned y? fit give 171k signal,
99.8% purity

Candidates per 1 Me&?/
=
Q,

175 1.8 185 19 195 2
Mass [GeV¢?]

* Select D**— D'n° (D"— K~ 7" ") decays 59D/ K'"'"!

(low background), where n°— yyand
m(yy) € [120,145] MeV/c? 10°

® pcu(D)'> 2.6 GeV/c to eliminate B!— D**X
decays

10°

* require M(Kr*) e [1.855,1.883] GeV/c? and
AM e [138,143] MeV/c?; binned 2 fit give
59k signal, 91% purity

1rg

1.75 1.8 185 19 195 2
Mass [GeVEd

Candidates per 1 Me&?/
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Y D and D' lifetimes \$"%&" ( fasiacim 221 #

Belle I

®* Jifetime determined from unbinned ML fit to

(t.0:) proEr
. . : : o Belle I
® resolution function! is a double Gaussian N~
for D% (single Gaussian for D*) with mean u o "Ldt=72fo?t
and per-candidate standard deviation s x of ; %
u and scaling parameter s are floated % ¢ Data
E o
®* PDF for D background is taken from fitting 2 Fit
M(" -=' z') sidebands [1.758,1.814] and S  E & 0 ¥ - Background
[1.936,1.992] GeV/c?. D° background is ©
neglected, with a systematic included

. | 6 8 10 12
Results: Decay time [ps]
| o = (410 .5+ 1.1 + 0.8) fs

"DO " 2ANE
o, = (1030 .4+ 4.7 + 3.1)fs Dd R
* Systematic uncertainties: o 103_E
Source 1 (D% 1(D*) g’_ 1P _E
(fs) (fs) % 2
Resolution model 0.16 0.39 T 10 L
Backgrounds 0.24 2.52 % 3
Detector alignment 0.72 1.70 % 1 i
Momentum scale 0.19 0.48 @) F W, S
Total 0.80  3.10 1 2 0 2 4 6 8 10 12

Decay time [ps]
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D Abudinen et al., PRL 130, 071802 (2023)

</t ! #! lifetime I"#$%&'( [arXiv-2206.15227]

n T T T T T T T T T T T 7
® problematic background from 5° > Az " 5 > A 720 = 8000 } Data "
decays: 1(5°) = 153 fs, 1(5,") = 456 fs. ) - Belle Il et -
E contamination in A+ sample is estimated by = 5000k () dt=207218 — Toalit N
fitting distribution of A,* vertex displacement in S : lf I — Signal -
plane transverse to the beam. Result: 374 s [ (A" o q Background
events (0.003% of A * candidates). @ 4000 | 116k signal -
i . . = L | 93% purity -
! To reduce, impose vetos: ks i ]
M((pK-rtn)— M(pK-rt)  [183.4,186.4] MeV/c? S - -
M(pK-7+20)— M(pK-*) & [175.3,187.3] Me V/c? 8 2000 B
This reduces = decays by 40%. - : 7
Effect of remaining decays is estimated via MC ol 15 AT el
simulation; bias of 0.34 fs is subtracted from 2.26 2 2.30 2.32
fitted 7(A_*) M(pK’ *) [GeVic?]
* Result: : BENSAmaSEESS
| = + +
L (203 .20+ 0.89 £ 0.77) fs Qa=201215
¢ Data

* Systematic uncertainties: 2 _;"t"’l‘(' fit ]

': % == backgroun E

Source Uncertainty [fs] & | 14 4 ]

| . contamination 0.34 g0} S .

Resolution model 0.46 Sl 4 i

Non-! . backgrounds 0.20 © sl 4 ]

Detector alignment 0.46 - :

Momentum scale 0.09 107 'f ]

Total 0.77 1? W’ E

t [ps}
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(D Abudinen et al., PRD 107, L031103 (2023)

QD " #" lifetime '"#$%&'( [arXiv:2208.08573]

Theory expectation: HAE) <HW)<HA&L )<H%) , ,
= Belle Il can confirm this
(& E687, WA89) T
_ ol " os" (useful to have another
LHCb 2018, 2022: 717(/47) < #(&! ) < 7'7($') < #(/0 ) experiment confirm)
60;' Q#ﬁgﬂ], p Belle Il
_ | 2 At Data (207 i
®  Pcm(£2)/Pmax!> 0.6 to eliminate B — . X decays, where soff At A + _a 2 )
Prmax = VI(EMpeam)? — m(2m)7] s [ 132signal |, (|, T
= 20l 67% purity L R Background
© - V1]
g f i
e Resut- |',o = (243 + 48 + 11)fs 2 300 i
10 g .
g 1
©
3
O
B Belle 11
- L ¢ Data (207 fi)
Q .
8 10k —Fit »
s E  Id. Background m( 1 /") [GeVic?]
> F
% - Source Uncertainty (fs)
g | Fit bias 3.4
§ Resolution model 6.2
1 3 L Background model 8.3
= LY ! ! ! Detector alignment 1.6
S 2 4 0 1 2 3 4 5 Momentum scale 0.2
Decay time (ps) Input ! 2 mass 0.2
Total 11.0
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Hp'"

D"

D"

LD "#1D"
LD gD

nmo|n
1,

NP
! |##| n#! II#! n

B,

Belle IT

#$%&( $&H %&)
$%-9%&L1#&)( 1-&$
#,8" ( $&.1 %&,
+&'$%

P&+
+0/6-&+%01%&) ) ( 1%6&..
-1 (1) 1(1$$
$&+IIVH&

(*subtracting B(D,*— 7tv) = 5.32% )

King et al. Gratrex et al.

JHEP 08 (2022) 241 | JHEP 07 (2022) 058
(Table 15) (Tables 10, 14, MSR)
1P ee VMO e
),.110,%1!234 [1$+*%!0,%1!234
1% g P LT

+&)%(1%8&, %

$&%$1%&Y

+&),1( 19%&)+
$&% YAV &++

SHED | g

ol D

%817 105

®* Experimental precision is much greater than theory precision (large theory uncertainties)

®* Even with large theory uncertainties, a few predictions differ from experiment by > 1o (but less than
20). In the future when theory errors are reduced, such differences could become interesting — stay

tuned.
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E C I 540_ ! ! ! ! | ! ! ! ! | ! ' ! ! | ' ' -J: B T T T T T T T T T T T T T T T T ]
— - - n B =
418F : : . 300~ #1 mo o -
£k | 530 o711 ' $ - 207107 o g+ ]
S 416 ! = ] i T =g
= - 520F- = @ = o501 - ok
o, 414F |5 |& - = - 2 O] - D 1
a C u% »g 510 8 g = - i N
alzp ) Sl lo| £ F =~ }4 :+ S 7 200[- .
C ) N oe= ‘o500 KR g B i
410 o) @) 0t ]|o e F a2 > L 1
- m |[o al '@ = Q ol I § .
so8- | gl plE a 2490 = 1 hsof- ]
406F - Sagol- | © % = L ]
- L S - i -
404f- 2 azof- |R 1= E 2 ]
C - @ (= *u 1
402 460 ubmi = o= o N
C s ubmitted to PRL 1 50 < = ]
400: 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 450:__ I [ l _: a :
2000 2010 2020 1990 2000 2010 2020 —2000 2010 2020
year year
[N
— - e | 220 [TT T L LB L L LI T T 1]
“2.1070__ I T £ i N \ \ /\ ., \
e . © 215 ¢8 Do .
£ ook £ : { ® Inall cases except for Q7 Belle Il
=t 2 210¢ " i has made the world’s highest
1050- |3 o *oo05 § = + 8= precision measurement
R % N : rd 5 +§+g (in some cases after 20 years)
1040 o 13 o 200 ¢ I &
C o — r
- il al |3 195 ? 1 ® For QY the Belle Il measurement
1030 © 2| o0l ] confirms the longer lifetime
020k i ] measured by LHCb
1020¢ 185 | :
Z r o
1010 180 H ]
B r O ]
_I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 17 L L1 1 ‘ I | ‘ L1 1 ‘ I | ‘ I | ‘ - ‘ - ]
2000 2010 2020 1995 2000 2005 2010 2015 2020
Year
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Belle I

Leptonic Decays Dy, # | $

o IH! G2 ! m2 2
.. n —_— F 2 2 2 n '
3 X B(D! !"") = —S#fD(S)|vCS,Cd| $,mym?Z 1 mz

% "
Agiyage
I’ #

1) Measure B, calculate f, on lattice, extract |V .,| (compare to unitarity)

| # o
X % 2) Measure B, take |V, 4| from other measurements + unitarity, extract fy
| . !
- #, N (compare to lattice)
2021
2021 CLEO-c f——o—1 249.849.7+4.5
BaBar H—o—H 257.8£7.9+7.0
Belle u! R—o—H 242.2+6.4x4.7
BESIII(b) Fro=H 243.1+3.0+£3.7
i T T T -
CLEO-c (#)! ——e—— 270.1+16.8+4.7
BESIII, p! F————— 45.7+1.2+0.4 “($)! B—o——H 249.8+12.3+5.6
T SaSnIms
asa (U)! oty 235.7411.1+13.0
] N ) S — e e T e
BESII, "t Belle "(u)! ——e—H 257.8+8.1 )
.............................. Vo T L 2BLTH93, 7
BESIll(a) "(#)! y 193+54+11
BESIl(b) "(#)! H—e—H 243.0+5.8+4.1
Average e 46.2+1.0+0.4 o & 44940 442 7
| | Average "/ l=o-H 247.4+3.1+3.2
45 | 50 | llll+l\'l | | H | | 2‘1591\191;21 |
fDchdl (MeV) 200 250 300
fo IV, | (MeV)
Using recent LQCD results fps =249.910.5 I V.| =0.9840 + 0.0113 (exp) £ 0.0020 (LQCD)

£,=212.0+0.7 V.| =0.218 + 0.005 (exp) + 0.001 (LQCD)

(FLAG 2022, arXiv:2111.09849):
J
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® [ J I e
@ LeptOHIC Decay D!. # ﬂ $ Zupanc et al., JHEP 09 (2013) 139

Belle I
-)%./01 use energy/momentum conservation to search forrare %! /' ,% /! " ,efc.
BELLE !I!_ $ " #$(ﬁ&'$0/# ()%*$+ T T ..
SN0 N1/
woo# o# |w o# # #  SHYOH&(R- Xirag
et T e”
Tag side: DO D* It /\
KT+ KIT+1+ PRI+ D) D,
K'1+10 KITH+0o ) pK! o UL A " BN
Kbieren! KQ1+ K Diig 15
@ Decay mode: | vy« 1o Kgs!'+!0 F!f
K21+1! KQr+1+1! 11+10
KQr+1to K*K!'1* NEIRIE
AN
KA+ K21
KA *r+ns K+ same as for
@ X trag K* KQ1+1to D* tag
K*10 K*1! +p
K*1+1! K*1t10
K*r+1t10 K*rir+!
@ For # .. require 1 lepton track (D;*— f*v)
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W= Leptonic Decay D' # 1i'$

Zupanc et al., JHEP 09 (2013) 139

Belle II
" I = - — — — —
R A $%§,(%$%#!)! I # !!#" + Priss = Per ¥ Po. - Ppag— Pk = Px—P,— P,
\ L (Miise)? = (Prisd)?
A .
H I Fitto M, )2
110”
> 6 Inclusive D, Signal Xfrag: nothing N B D Sianal
g | 7 %) 60 — Trge D, Background
I\ | QD (O] Combinatorial Background
8 4 BELLE 8
o o 40
2 2
c c 20
g g
i o
0
_ - S5t
3 0 gty . it vy R il s Y RN
N N T R T T T RS A B B J S Y S S S S Sy S —
1.85 1.9 1.95 2 2.05 0.2 0 0.2 ) 04 20-6
Miiss (D, KX ag") [GEV] Miniss (Do KXfrag! H) (GEV?)
Belle yield (913 fb-): 94360 inclusive 492 + 26 exclusive %, ! 1 '

I 'Belle Il yield (20 ab™): 2.07 x 108 inclusive 10800 exclusive %, ! u '

I 15|V, | = 0.56% (stat), not far from the LQCD error on f,, of 0.20% (FLAG 2022, arXiv:2111.09849)

BESIT with 20 "

(scaling from arXiv:2307.14585): D, — u"v 6900
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D
>l Semileptonic Decays

Belle I

"oy \QrHI | He | d! GZ 3 : {
) &)/Oﬂ/ # - - ph |Vcs,cd|2!f+(q2)!2

dg? 241 3

Take f.(q?) form factor from theory, determine |V 4| or |V,

d - - d
_ 2 f, (0
Simple pole: fo(a%) = (L1 q2/m 2.)
: pole
Modified pole model: f(q?) = r.©
* @l g?m 2, )@t ! g?/m Z.)
&expansion:

t, =(mp+ my)?  ty=t, (1! 1!t /t,)

! !
t, ! 2! t, ! tg
! !
t, ! g2+ t,! tg
1

a, z
P(92)! (92,t,) ¢ "

ajfa," r;,  aag"r

z(9%,t,)

k

f,(a%)
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D
>l Semileptonic Decays

Belle I

"1 &o%H'#:! | d _ GEpg

I 12
|Ves,cd |2 If 4 (qz)!

dq2 24! 3
& >
) ) * Take f,(q?) form factor from theory, determine |V 4| or |V,
d < < d
Belle 2006 —tt— 0.6762+0.0068+0.0214
Belle 2006 ——o— 0.1417+0.0045+0.0068
BaBar 2007 H-o-H 0.7211+0.0069+0.0085
BaBar 2007 [—o—1 0.1500+0.0040+0.0010
CLEO-c 2009 e 0.7189+0.0064+0.0048
CLEC-c2009  W——f 0.1374+0.0038+0.0024 BESIII 2015A o 0.7195+0.0035+0.0041
BESIII 2015 | g | 0.1420+0.0024+0.0010 BESIII 2015B H-o-H 0.7370+0.0060+£0.0090
BESIII 2017 ——i 0.1413+0.0035+0.0012 BESIII 2017 e 0.6983+0.0056+0.0112
BESIII 2019 0.7133+0.0038+0.0030
Average - 0.1426+0.0018
o - ) o o Averagle ‘ lel 0.718;010.0033
012 014 016 018 0.6 0.7 0.8
f.(0)|V K
HOIV | N\
Using new LQCD results K.(0)=0.7452 £ 0.0031 I V.| =0.9635 + 0.0044 (exp) £ 0.0040 (LQCD)
[FNAL-MILC, PRD 107, 094516 (2023)]: 7.(0) = 0.6300 = 0.0051 ] V.4 =0.2263 £ 0.0029 (exp) £ 0.0018 (LQCD)
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< D> “The Belle Il Physics Book"

el Semileptonic Decays ""#$$#%&8%0' () Yoriviv0s 10567

Belle I

"1 &K )

P P U T — .
| Fully reconstruct a D*, D"'561789!:;<= Tag side: K[!)| . Klt,)ﬂ . Belle ylelds
| Define Pp. =P, + P,. — Ppy— Py K140 K10 (282 b1, 79% purity):
) 3 Final K!1+1+1! KOr+ D — K-utv. 1249
| require (Pp)? = (Mp-)? state: K'psp+ptyo KO1+10 DY—> K-etv: 1318
. Kar+1! Kar+r+1t D— z-utv. 106
! /denl‘lfy(KOI’ﬂ) and(,uOI’e) Kgs|+|‘ !0 KS+K! |+ D r-etv 126
| calculate M2 = e b’ .
Priss’ = (Pp* = Prsiow= P (,.2)— Pue))? Xiag !+!0. L : BaBaryleldS
) RIRIL Ceytpo (380 fb-', 53% purity):
D°— z-etv. 5303
Belle Il 1.0 ab-*: Belle Il yields (20 ab™?):
S DO K-/+v: 182k
s F — Tota ] d1 G2 ' D°— 7 /*v. 16.5k
g 0 T e a Gem Veseal? I (02)2 53% purity:
o T dg>  2a® DV zetv: 279K
© 25 :
g 2% 222 E Belle Il 5 ab: +
C 175
i a5 BESII with 20 '
10f TE (scaling from arXiv:1508.07560):
- 075 E DY — K-e*v. 484k
55 0_02'2 E D > D' — zetv. 43k
) 02 03 L T ' s oo
M oDy Kiag SKe) [(GeVic?] T (Gevic)
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Q(B The future

Belle II

i , DO D* Ds*, A", Q0 . -1
~ 400 delivered (72 fb") (207 fb"') now: 428 fb
a i recorded -
2 2001 l
g [
ob— ] ] T T T T T T T
05/01 09/01  01/01  05/01 09/01 01/01  05/01 09/01 01/01  05/01
2019 2020 2021 2022
\ J
|
10 ‘
LS1
"”o.. 8
£ ®* Goal is to ultimately
o - accumulate 50 ab~"
© 6l -~
-
X, - ®* However: a huge amount
> 2 of physics will be done
g 4 o with ~5-10 ab~", possibly
o uncovering new physics
g (the amount of physics done
- with < 0.5 ab’" is surprising:
- 2 L better decay time resolution,
ﬁ expanded $ flavor tagging...)
O
a
0 1
2019 2024 2029 2034
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D
] Summary

Belle II

®* With a very small data set, Belle Il has made the world’s most precise measurements
of the %, %', %*, and &, lifetimes. Belle has made a relevant measurement of the

& . lifetime.

* With 20 ab~" of data, Belle Il should have competitive samples of %* leptonic and %
semileptonic decays. These should yield among the world’s most precise
measurements of V,,and V.

® Belle Il is behind in accumulating data. However, as compared to Belle/Babar there
are substantial improvements to the detector and reconstruction software. The
SuperKEKB accelerator has set world records for instantaneous luminosity and
daily/weekly integrated luminosity, and during LS1 there have been substantial
improvements to the accelerator. Thus, despite the modest data sample so far, the
experiment is expected to have a large physics impact and significant discovery

potential.
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Wl Major accelerator upgrade )*)+% ! 9%./0)*)+ (

Belle II

ete~ collider running at the Upsilon(4S) [and Upsilon (5S)] resonances with 7 GeV (e-) on 4 GeV(e*) beams.
New e* damping ring, new e* storage ring, new IR optics, Superconducting FF, new RF

beam size:

100 um(H) x 2 um(V)
— 10 um(H) x 89 nm(V)

Belle-ll Goal:

30 x Belle = ~6 x 10%°

Super-KEKB

Positron ring

collision point

<~

A

Electron ring

E (GeV) B*, (mm) B*. (cm) ® 1 (A) L (cm2s?)
LER/HER | LER/MER | LER/HER | (mrad) @LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 16/1.2 | 2.1x10%
SuperKEKB 40170 €0.27/030) 3.2/25 415 |C 3.6/2.6 )| 80x10%
factor 20 factor 2-3
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Positron damping ring

CKM 2023

Belle II detector

Electron-Positron
linear accelerator
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