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(g-2)u status and SM prediction

¢ The world average (dominated by the BNL-E82| measurements):

7

® The SM prediction:

SM _ _QED EW
a,  =a, "+ a,

+ a/I;Iad,LO + a/I:Iad,HO 4+ a/Ijad,LbL

® >30 deviation from experiments

® SM uncertainty is dominated by

hadronic contributions

a®*P = 11659209.1(5.4)(3.3) x 10~ °

arXiv:1311.2198

PRD97, 114025 (2018
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(g-2)u and O(e*e- — hadrons) 4

® The leading order hadronic effect (ayH2d.LO) involves low-energy QCD, and
calculation is difficult.

e Dispersion relation and optical theorem relate ayH2d.LO to the cross section
O (e*e- = hadrons), which can be experimentally measured.

had;LO a-m.p)? “ds g,
a, = —K(s)R(5s). Y
0= (52) |, ZKORE)
o..+(eTe~ — hadrons
where R = tot ) J
oglete™ — ptu~) 1

® The energy region below 0.9 GeV
dominates, predominantly due to the JHLOve
TTHTT- channel. ’ |

Fractional contribution to ayHad.LO

® These data are important also for determination of XXqep(Mz).



Measurement Methods

Belle Il strategy is to use the Initial State
Radiation (ISR) method.

e Tag ISR photon

e Can scan wide energy range

® With the same experimental condition

® | ower statistics due to O(X) suppression ','
e (Can be compensated by high luminosity ’

¢ The method has been demonstrated by
BaBar, BES, KLOE.

Direct scan method
e.g.: Novosibirsk



Present Experimental Status (TT+TT-)

Comparison of each experimental data

® The TT*TT- channel has the most and the fit in the p region
significant contribution to ayHad.LO, S
dominating both its mean value and —— Fror st ' g 26012122+
uncertainty. — et s 10772281

® Already measured precisely (<1%), by
several experiments.

BaBar (09): 376.71 £ 2.72

BESIII (15): 368.15+ 422 ——

measurements. a,"" (0.6<Vs<0.9GeV)x 10"
0.4 ~
BESHI (15) —A— TF06< §<0.9GeV)=(360.41+132)x 10
® New ISR data from KLOE and BES |l nocemse i Global i efdot) - 130 | 1400
. . . 0.3F SND (04) -
have improved the estimate in the p - >
region. oF 02F oo 1000 2
= 1800 e
* Tension exists between BaBar and others o1 " I
- 1 i :"‘ '.5 ;3
e Must be confirmed by Belle I o} Wﬂ% w =
| 200
® wi/ target precision of = 0.5% “‘1{ A
0.6 0.65 0.7 0.75 0.8 0.85 0.9

PRD97, | 14025 (2018)



Advantages in Belle Il

¢ High luminosity provides large statistics not only for signals themselves, but
also for control samples need to estimate systematic uncertainties.

® The measurement is programed from the beginning of the experiment,
therefore, well-designed & optimized triggers can be used.

® Belle suffered from large efficiency loss because the measurement was not
considered for the trigger design.

® [arger detector coverage (less asymmetry w.r.t BaBar)

® |essons from previous experiments, as well as improved generators, can be

utilized. PHOKHARA <« AfkQED

e.g. systematic errors in the Sources 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.9 0.9-1.2 1.2-1.4 1.4-2.0 2.0-3.0
BaBar measurements. trigger/ filter 5.3 2.7 1.9 1.0 0.7 0.6 0.4 0.4
. . tracking 3.8 2.1 2.1 1.1 1.7 3.1 3.1 3.1

o Relatively large error in PID. m-ID 101 25 62 24 42 101 101 10.1
' background 3.5 4.3 5.2 1.0 3.0 7.0 12.0  50.0

acceptance 1.6 1.6 1.0 1.0 1.6 1.6 1.6 1.6

] kinematic fit (x?) 0.9 0.9 0.3 0.3 0.9 0.9 0.9 0.9
With large data sample, PID correl yu T loss 30 20 30 13 20 30 100 100
: 7/pp non-cancel. 2.7 14 16 11 13 27 51 5.1

crror may be removed if Ity Z:f/cfllgili]gf)ll o 1.0 27 27 10 13 1.0 i 0 i 0
and UMY can be separated using ISR, luminosity 34 34 34 34 34 34 34 34

sum (cross section) 13.8 8.1 10.2 5.0 6.5 13.9 19.8 524

angular distribution difference.
arXiv:1808.10567 PRD 86,032013 (2012)




Expected Background and Efficiency

. . . _ 4.9 | 1% _ / <
background is dominated by other ISR 3 S ——
3 ......................
modes (TT*TT-TT9, K*K, ...), S10 s S
® O(%) level, similarly to BaBar | —
=
* High background at low mass; T "= I ISUEEENE - |- |1\
TTI0 with low energy 110 (can be S S [ (w/o beam BG)
reduced by e.g. kinematical fit, ...) = e 0 . B
i = 499 ° o % S BG ratio to T'”“)T<‘I1| —
e Efficiency = 49% for 50° < Oisr < 110° % '+ ratio To Tofal &
= =
e Expect > IM events with 500fb-! e
e Early Belle Il run will provide results £ ‘j‘*’;“ =
. . . =t e
with competitive errors to previous =10 s

experiments
Y. Maeda, workshop on HVP contributions

to muon g-2, KEK, Feb. 12-14,2018

With larger data sample, errors can shrink to ~1% — ~0.5%



T Spectral Functions

e HVP can be estimated also by T hadronic spectral functions and CVC,
together with isospin breaking corrections.

® FEarlier results showed discrepancy between e+e- and T based evaluations,

but more recent studies with Y-p mixing and Hidden Local Symmetry (HLS)
show that two are rather compatible.

e.g.: T = TITI0 form factor by Belle, compared to CLEO and ALEPH

TTTT l TTTT I TTTT I 113 PRD78 072006 (2008)
; T T T T T T s 77—
e DATA ] , i
C ® Belle I e Belle
o 107 - I\_]('S"_‘""": 10 kb O ALEPH i . ALEPH
~§ bd T = hinm)v, % CLEO < * CLEO
- ¥
) B T K'v, — G&SFit
;;: B - (1)01[ LA = 1 (Prrrey * Paaso) * Praron) H
2 (’ —>1[ y} E 1 L . ] 0.1 1 !
3 EZ continuum B.G. ] o % |
z E W g o
- - 1 :
s 10 Rl gt [ g
" el 11
: 220 2 '
10 725\ 10 F L
5:;;-- ,E/ 02 H| *
y I L
.
1 ZZZ%% -3 i 1
05 1 15 2 25 3 35 4 10 ' ' ' . Y : 03 e L
» - 0 0.5 1 45 2 2.5 3 .2 02 0.4 06 08 1 1.2
(M.£9)" (GeVi/c?) (M_.0) (GeVic?)

(Mpg9)® (Gevich?

Bt~ — m 7'v,) = (25.24 4+ 0.01 £+ 0.39)%
al™ = (523.5 & 1.5(exp) £ 2.6(Br) & 2.5(isospin)) x 107" /s = 2m, — 1.8 GeV/¢?
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SuperKEKB Accelerator

® Low emittance (“nano-beam”) scheme employed (originally proposed by P. Raimondi)

Machine parameters TN (vithout crat)

SuperKEKB KEKB
LER/HER LER/HER

\\“:\ S22 mrad ~100um- /-

E(GeV) 4.0/7.0 3.5/8.0 crossing angle a5 mrad e

crossing angle

Replace short dipoles with
longer ones (LER)

€ (nm) 3.2/4.6 18/24 conéngnche

: & B v | —’a. - —~
B)’ at IP(mm) 027/030 5.9/5.9 / @] S New superconducting final

focusing quads near the IP

Bx at

IP(mm) 32/25 120/120

Half crossing 415 ¥

angle(mrad) ' X2 "’H H
[(A) 3.6/2.6 1.6/1.2 HH&LHMHW:} :.;ve\;mmance positrons o

Redesign the |attices of both rings to Danping ring

reduce the emittance New positron target / capture Y/ g
section
Lifetime ~|0min 1 30min/200min
TiN-coated beam pipa with LO emittance gun
antechambers in LER Low emittance electrons to
n T inject R
L(cm-2s-) 80x | 034 2.1%1034 . . ]
‘ |l. .n 0 Zer,

x 40 Gain in Lum|n03|ty

Add / modify RF systems for
highar beam currant

Po: lr 130UlGe




Belle Il Detector

Deal with higher background (x10-20), radiation damage, higher occupancy,
higher event rates (LI trigg. 0.5—30 kHz)

Improved performance and hermeticity

\
KL and muon detector:
r— Resistive Plate Counter (barrel outer layers)
= N 'IIator LSF + MPPC (end-caps, inner 2
J

\\\\\\\'}: -—
—— \S\.‘:‘L‘ \ A . .
e S ication

~—— ' PR ation counter (barrel)

electron (7GeV) ) ‘ef0€e| RICH (fwd)

EM Calorimeter:
Csl(Tl), waveform sampling elec

Vertex Detector
2 layers Si pixel (DEPFET ) +

4

4 layers Si double sided strip/D88i —~— . .-

Central Drift Chamber N
He(50%):C2He(50%), Small cells, long lever
arm, fast electronics '

Belle 11

11
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The Belle Il Collaboration
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* Belle Il has now grown to ~ 1000
researchers from | |12 institutions in
26 countries.

* Large international collaboration
hosted by KEK, Japan




SuperKEKB/Belle Il Plan

Phase | (w/o QCS/Belle Il)

* Accelerator basic tuning

with single beams
- Feb-June, 2016

Phase 2 (w/ QCS/Belle Il but w/
o VXD)

- Verification of nano-beam scheme

- Understand beam background

«  Physics run (April 27 - June 17,
2018)

Phase 3 (w/ full detector)

* Physics run (March 27 - July I,
2019)

* 5ab-! by ~2022

* 50ab-! by ~2027

Global Schedule

Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 20[18 (power saving)
id Ju:l. 2018)

MR renovation for phase 2, including
installation of QCS and Belle ||

MR startup
[

DR installation & startup

— E

- 1
w/ Belle I} (no VXD)

a Jpr—
;z;f..z.. Fhase 2 (MR

HER start |

LER start

I
R commissioning
I I

I
VXD installation
|
| I

I

:w/f 2
q phase 3

Assumes phase 3 operation

9 months/year

[

L1 |

Int. lumi = 50 ab’

WE ARE HERE

Final goal: 40x KEKB luminosit - )
& 4 Peak lumi = 8x10® Hz/cm™
l
10 1 | 1 ] 1 T 1] ] L] 1 1] T P Y Y "V 7" 11 Y vV v 7" ] 60
3 Gy | | |
s T T T | )
'm » w——= bpeak
N 8-— : : 50
£ | |—Int. L ; 1
U o : -
— Reach Belle - —40 3.
Zq 61— : integrated. lumi 1 °
“r - Reach KEKB ; ; 30 -
(7)) P -
o [ peak lumi ] ™
e 4 {i o
ol b . o
e | =20 .
2t ] -
o ’r —10
m - -
g i I ]
0 2019 2027 0

13



SuperKEKB/Belle |l Phase 3

SuperKEKB operation started March

e*te- collision started on March 25.

® Physics run from March 27 to July

Accumulated ~6.49 fb-!.
e (.83fb-! recorded below the Y(4S)

Lpeak ~5 x 1033cm-2s-! in physics runs
with B,* =3mm optics.

Lpeak ~1.2 x 1034cm-2s-! was recorded

with B,* =2mm optics and 820/830 mA
(LER/HER).

e Belle Il was OFF due to high
background.

0.30 A

Total integrated luminosity per Day [tb™2]

0.00 -

—
N

o
w

Luminosity (L)

@ © o
o OO o

[#3]
o

Specific L {L‘,m_)

0

Belle Il online luminosity Exp: 7-8 - All runs

0.25 A

0.20 A

0.15 4

0.10 A

0.05 4

Integrated luminosity [fbo~1]

EEl Day per Day
m— Total

Total [ £ dt =6.49 [fb~]

Total integrated luminosity [b~1]

5 1 = L s
2019/3 2019/4 2019/5 2019/6 201977

Date Plot on 2019/06/28

Trends lll.lmIrIOSItleS 53 [n‘OIS

1

Luminosity [x10* cm? s ]

Date



Entries / 6 MeV/c?
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Belle |l Performance

Signals involving photons

e Ty

1 .00 GeV < p(reconl) < 8 00 GeV
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Candidates per 1.5 MeV/c?

Rediscovery of B mesons

6005' v
500f
400} B
300
200

100

Fraction of unmixed events
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First Belle Il Physics Plots

Evidence for BO—=D-K*

R N
B" — D(Kn, Knn', K30 Belle Il

[ B” - D(Kr, Knx', K3mp 2019 (preliminary)

B — D °(D°(Kn, Knn®, K3nn ) ,
F B8° - D (0"(Kn, Knn®, K3mim)m* Ldt=2.62fb

0

 _ D'(Knon

° _ DF(Knmp®
0 T 1,0 +

B —»D (Ksn)n

g.2 521 522 523 524 525 526 527 528 5.29

M, (GeV/c?)
B-B mixing w/ B—=D™I-v
—DOoTT. TV
1
I Belle Il 2019, preliminary
Lo o
08 — J. Ldt=266fb"
i —4—
0.6 —— +
0.4 __ ® Data +
i Expected
0.2+  t.=1525ps
[ Am, = 0.507 ps™
O i 1 1 1 1 | 1 1 1 1 | 1
0 5 10

IAtl [ps]

Candidates per 0.015 GeV
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BI5T T 0.05 O3 0.7
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Counts

Search for Dark Sector
(Belle 1l First Physics)

® A novel result on the dark sector (Z' —
nothing) recoiling against di-muons or an
electron-muon pair.

e Both possibilities are poorly constrained at
low Z’ mass and in the first case, could
explain the muon g-2 anomaly.

Recoil mass against di-muons Limit on g (LU-LT model)
T 1 1 1 11 T 1T T 1T Illll][ L S 1T 11 T IIIIIII| T I'III‘III| T IIIIII|| 7T T T

T T LI ’-T 1 —
T T | T | T T _ = s
102 Belle Il Preliminary e 2018 data O s Belle Il Preliminary - 2018 B
= X - i
- JLdr: 276 pb” 3 el J Ldt = 276 pb’ |
ete— uu(y) [=)) - T g
10 E_ e*e— t(y) 8 B
E — ete— ete i’ i B
- e‘e— wr(y) =5 10725 L-L. —
1= HHf e*e— e*ee*e l l u ~ ’ =
— ¥ ete— eve(y) I Ly-L,, BF(Z— inv)=1 I
= -I'In_ﬂ -3 — —
107" - 1
_2 1 0—4 1 | | I | I 1 | I I | I | 1 I I | |
W 1 2 3 4 5 6 7 8 1073 102 107 1
Recoil mass [GeV/c?] M, [GeV/c?]

These demonstrate how well Belle Il controls low multiplicity events.
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First Look at the Belle |l Data

® Data collected during the Phase 2 physics run: 472 pb-!
® Goal of the analyses :

® To observe p meson peak in the mass spectrum

® Comparison to a MC simulation

® Study of trigger efficiency

Example of an event display
for a p meson candidate




Analysis Procedure

acceptance for x*

® Select events with
® One energetic photon (ECMS > 3GeV)
® Two charged tracks (p™s > | GeV/c)

o Selection criteria

ISRy

UL JL
m%ﬁ

Ratio of events

19

® Photon in the central part of the barrel region (50° < Oisr < 110°)

® E/p <0.8 to remove radiative Bhabha (e*e- = e*e- Y) contribution

e |0 <M(1rTTV) < || GeV/c? and no other extra particles

E/p for

08 . -
-
0.4f-- N
[ = L L
| . m " Em .- - - .’
L -
0.2_i T itep
[ L -
] el iharall aliivilvi A ST iy mven
0 0.2 04 0.6 0.8 1
E/p for =*

N: E| T TT | T TTT I T 1T T TT T 1T T T | T T T T TT T TTT T TT |E
§ - ete’—ntny > ‘.~é -
[0) 104 =——e— before kinematic cuts v: =
O —~ —%— y angle cut vv I -
g | —m— electron veto y v -
= 10°g E
n F -
= - Y

b 102 m Ty ;
. ""h-'-.‘l" "wm'r"',vw ]
10E -1 ' ! =
= | Ldt=250pb ¥ * H' 5
. Bellell 2018 m 7
1= preliminary + + + .
:I L1l | | .| | | .| | | .| | | | | .| I | | W | B | | I [ | [ [l |:

5 6 7 8 9 i0 11 12 13 14 15

M (ry) [GeV/c?]

Y. Maeda, mini-workshop “Hints for New Physics in Heavy Flavors”, Nagoya, Nov.15-17,2019,

also for plots in the following 3 slides

1 - ll e ‘\'\
osh e T Belld MG
C ; ko («\,/ 0 B (})
C D | — -
0.6 ;
0.4F ; =
C : - P nce ‘,
0.2f - pparrel region
r _,‘_" P, =1 Gevietor ail ’ -:i:_
s SN e P "
Oﬂ (1] 100 150




TTTT Mass Spectrum

® The p meson peak is clearly observed.

® No PID is used expect for E/p — contribution from UJY and KKy

¢ Reasonable Data/MC agreement
® Data/MC = 1.065 * 0.037scc (0.5<E<I.0 GeV/c?)
e 100% trigger efficiency is assumed in MC

% 180 _'T" LI I LI I LI I LI I LI l LI l LI l LI I LI I LI l LI J:
S te0r + ety
G - oy .
w140 ﬁ B MC nuy =
S 120f MC KKy E
2 100F + * 1 =
§ F det=472pb' ]
& - f # Belle Il 2018 -
60— v + preliminary —

40F- % =

20F Ay <

0F LB, .

0 02 04 06 08

1 12 14 16 18 2 22

M (xx) [GeV/cT
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Results for other modes

® The ete- = TT*TT"TIVY process is also studied. " others

® 2nd largest contribution to HVP.

® The w and  peaks are clearly observed.

e Reasonable agreement between data and MC.

~ontribution of mu h mode

Entries [/(0.05 GeV/c?)]

Tl:::- q hadilo (vs<1.8 '—r\/)
L e e = L B B BN | NI NI B B B B B =
10° Lat 472 pb1 Fﬂ' ‘-. ee—n'nndy -= cé — . _:
;IB‘e”e” 2018 gue °d —+data,nocuts - % 40 ’ ee—E ALY + -0 Z
W .L'*:-‘-‘.'fj."” full cuts 3 35 — ::g ee—s-n::t_at Y E
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Trigger Efficiency

* High trigger efficiency is necessary for precision

measurements.

o Belle Il trigger for ete- — TITTY.

® Total calorimeter energy > | GeV

® Bhabha veto (+ loss due to this veto must be

small)

e “Belle-type Bhabha”: based on only O angle
e “3D Bhabha”: based on both O and ¢

e All Bhabha events were collected in Phase 2, and
efficiency loss can be easily evaluated by counting
#events w/ Bhabha trig.

o Belle type : (6.4 £ |.3 stat)%
e 3D Bhabha :(0.6 £ 0.4 stat)%

e 2 events lost/ 360 events

The New Bhabha veto logic works !

Entries [/0.1 GeV/c?)
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Summary

Precision measurement of 0(ee — hadron) in Belle Il with the ISR method will provide
estimate of HVP effects, which is critical inputs to reduce uncertainty in the SM
prediction (g-2),.

The SuperKEKB/Belle Il project has just started its data taking runs, and accumulated
O(fb-!) data by now.
The first look at early Belle |l data has shown ;

® Clear peak of the p meson (TT*TT- mode).

® Also W and ¢ peaks (TT*TT-TT? mode).

® Reasonable agreement between data and MC.

® Small efficiency loss due to Bhabha veto; <1% w/ new 3D Bhabha veto logic.

O(100)fb-! data expected within | year will provide the first result for HVP.
Also possible to perform
® T spectral function measurement

® Two-photon processes (e*e- = YYye*e-w/ double-tag) to constrain ayHAD LbL

Stay Tuned !
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Two-photon Physics for ayHAD Lbl

arXiv:1808.10567

YY physics allows one to constrain important input quantities needed for a data-
driven analysis of ayHAD.LbL "with dispersion theory.

Expansion in terms of the mass of intermediate states are dominated by pseudo

scalar poles, 119, n, n’, followed by two-meson states, TTTT, KK, and higher
contributions. ,

™. 0.0, ... mm, KK, ...

Two-photon processes, e*e- = Yye'*e, can be studied at Belle Il , both with
single-tag and double-tag.

>
> -

Double-tag data are useful for HLbL. . ; 0

* Q2 of two virtual photons +

® Exclusive reconstruction of final-state hadrons

® No data so far for W< 5GeV.

® Careful Bhabha-veto trigger design.

Fig. 200: ete™ — ete 7 and e*e™ — ete 77 in space-like (top) and time-like (bottom)
kinematics.



