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muon g-2 and the ee—>m process

O muon g-2 SM value
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O >30 deviation from experiments|[

O SM uncertainty is dominated
by hadronic effects
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muon g-2 and the ee—>m process

2007 Rep. Prog. Phys. 70 795

O leading order hadronic effec’r Im (o) = “W<>W

O hadronic loop

O involves low energy QCD m\ = ‘W“<
->calculation is difficult

Hadrons dispersion relation
& optical th
O but, ee>(hadrons) SrEEE
cross section data can be used O(1)
O ee>nn gives the largest  hadzo _ (O‘mu) / dSK( VR(s)
i i H 3 2
contribution m2
A o (5)?

Rhad(s) = o(e"e~ — hadrons) /

D

O




cross section [nb]
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arXivli311.2198
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cre hadron mass [GeV/c?] conftribution to a,

b

O ee>nn gives the largest  mazo _ (amu) / dSK% \R(s)
contribution 37 m2 8
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Rhad(s) = o(e"e” — hadrons) / 7a(s)
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measurement methods

S scan method -

O direct scan:

O change collision energy
and measure # of events

oeg. CMD3 ond SND iN Nov05|b|rsl<

®fine scan is possible for sharp resonances  ...xar.coll
@different conditions among different energy

®d|ff|CLiI’r¥ ID hg_ndlllr'\g-loyv_mom'e_r]’rum pOmCl?iu.a’rive eturn method

O radiative return method: hadrons
O collision energy is fixed

O require energetic vy
(Initial State Radiation, ISR)

—>effectively low energy collision

O measure mass spectrum
of final state hadrons

O e.g. BaBar, BES lll, KLOE

hadronsi

ISR v

fixed collision energy
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measurement methods

scan method

=+

e

©large statistics hadrons

®uncertainty due to correction
of iso-spin breaking effect Sirsk -
- M_ 2 in t>an’v

O tau hadronic decay with CVC: (Bolie result] T nergy
O Conserved Vector Current hypo’rhes|s—— ...........

PHYSICAL REVIEW D 78, 072006 (2008) |
1

O mx Mass spectrum in t>mnlv, | T T T

e DATA
D e.g. I_EP eXp TS, CLEO, Be”e 105;_ [] MC(signal)
O radiative return method: : =R
O collision energy is fixed ﬂf@;ﬂgvﬂ)

EA continuum B.G.

O require energetic vy
(Initial State Radiation, ISR)

—>effectively low energy collision
O measure mass spectrum . 2 W

of final state hadrons A" .’n—;“ QE‘E
O e.g. BaBar, BES Ill, KLOE | b

Number of entries /0.05(GeV/c?)*

\

0.5 1 1.5 2 2.5 3 3.5 4 :
(M,£0)? (GeV/c?)®
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measurement methods

scan method

+
O direct scan: © hadrons

O change collision energy

®low statistics due to ISR requirement (O(a))
©but is compensated high luminosity machines
©can scan cross section for wide energy range in
the same experimental condition

O e.g. LEP exp'ts, CLEO, Belle ~~ radiative return method
O radiative return method: g hadrons!

O collision energy is fixed

O require energetic vy
(Initial State Radiation, ISR)

—>effectively low energy collision

O measure mass spectrum
of final state hadrons

O e.g. BaBar, BES lll, KLOE

vary collision energy

ISR v

. . - -
. fixed collision energy
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s’ra’rus of T cross section measurement

cross section [nP]

I I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
] PRD97, 114025 (2018
’ ;fjA ° ;;‘S’E“ —con’mbuhon (2018)
A *
10 | | Lo o ?gfor’rhep —— Fit of all 1 data: 369.41  1.32 ——e—
! : gmgz 2165 : gm; - resonance SCO n Direct scan only: 370.77 + 2.61 +——*—
102 : N =R had y:370.77 2.2,
- ! 'Y 4 KLOEO8 o BABAR 3 @) Ou
s KLOE10 Combined —
o f_ i i ™ _; —— KLOE KLOE combination: 366.88 + 2.15 ——s——i
E 1 1 3
- : : E BO BOr _ BaBar (09): 376.71 £ 2.72 ———+——
D L sl -
| 1 o =
- : H -i-_ii 3 — BES ”l BESIII (15): 368.15 + 422 +—a—y
107 E e"e‘—:m ™ : 'tL ] + “F}.E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
: '0'4' ' ole ' 'os 1 12 14 m 18 5 22 2 360 365 379_ 375 380 385 390 395
Eur. Phys. J. C (2017) 77:827 G [GeV] a," ™ (0.6<Vs<0.9GeV)x 10"

O Already measured precisely(£1%) by several
experiments

O small discrepancy (a few %) among measurements
O must be confirmed by Belle |l
O farget : 0.5% precision (similar or better than Bobor)
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advantages in Belle |l

list of systematic
errors in BaBar

O large stafistics (PRD86 032013
O signal events themselves

O control samples for estimation
of systematic uncertainty

O well-designed triggers

O Neither Belle and BaBar had
optimized trigger for this measurement

O Belle suffered from large
efficiency loss due to frigger

O larger detector coverage
O better generator
O lessons from the BaBar measurement

O All are giving comparable uncertainty,
but PID-related ones are relatively large
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first look at the Belle

O Belle Il phase2 operation

O commissioning of ’rhe .
accelerator with collisions

O end of March — middle of Jul
O the first collision at 26th April

O full data of 472 pb! was used

O goal of the analysis

O to observe p meson peak
IN the mass spectrum

O yield comparison L N
with MC simulation celebration of the first

. . . el th
o study of frigger efficiency el Bl PRl

©OKEK IPNS




11/19

analysis procedure

barrel region

. |
O select events with SR v A

O one energetic photon
(ECMS>3 GeV)

O two charged tracks ~
(p>1 GeV/c) ctor

O selection criteria e—>

solid : detectable
dashed : not detectable

-~
~ e
~—
~ -~
~ma
-
-~

NN
SS
~

O photon points to central =
part of the barrel region o ~\|

(50°<0,x<110°)

O E/p<0.8
—->remove Radiative Bhabhao EM calorimeter
(ee—>eey) conftribution

O 10<M(mmy)<11 GeV/c?
—=2>no other extra particles
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analysis procedure d

O select events with |/| l\‘
O one energetic photon GCCGDTOHCG for &
(ECMs>3 GeV)

O two charged tracks
(p>1 GeV/c)

O selection criteria

O photon points to central
part of the barrel region S =l SO0/ S
(50°<0,5,<1107) ob == L T T L e

0 50 100 150
0 E/p<0.8 6 angle of ISRy []

—>remove Radiative Bhabha
(ee—>eey) contribution — both pions are in CDC

- §<M(fh“Y)<]T] Gev,r/C:lQ — p>1 GeV/c
NO OoTher exird pdarticies

Ratio of events
=
%

S
&
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“f’; | *a*::-f-';?"'ﬁ :
O select events with - jf;:’;;w;, Tk
0.6. "5 - At
O one energetic photon ¥ fr“é’.{ﬁ;jgaifi‘%ihf .
(ECMS>3 Ge\/) 04 Fyt R %,a:x‘*_ -
o two charged tracks °-2§—i Ty RN
[p>1 GeVic) .
O selection criteria
O photon points to central g Mlww) distridution m}p?"“’.“"”‘?“’” e
png Of The borrel reglon % e;i:)nl;zgore kinematic cuts
307 <Be<110° SR Sl
O E/p<0.8 5 10
2>remove Radiative Bhabha =
(ee—>eey) contribution S g
O 10<M(nmty)<11 GeV/c? 1ol [ Ltz a72 o0
=2 no other extra particles Belle Il 2018
1k preliminary
56 7 8 9 0 11 12 13 14 15

I\/\(mcy) [GeV/c?]
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T MASS specirum
O p meson peak is clearly observed!

Belle Il first “rediscovery” of pP>n*m —
O no PID cuts except S e -
for the E/p cut § te0r PRI WINMC nm ]
> contribution o 140F ~ MG wy
from uuy / KKy S 1200 g
O peak at low mass 2 100f ot
dvetogsik [oy s
O hlgh mass (>1 GeV/c?) 60— preliminary £
is dominated by uuy a0F E
O reasonable data/MC 20[ =
Qgreemen’r b L.E il 1 e o S ant I oo s
- dCITCI/MC _ ]Oé5ioo37STOT 0O 02 ¥4 06 08 1 12 14 16 18 2 22

M(nrr) [GeV/c?]

(0.5-1 GeV/c?)
MC trigger efficiency is d—2>KK-
assumed to be 100%
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results for other modes « ...

O the ee—>nmmy process is also studied A‘

with phase?2 data

O 2nd biggest contribution to a,"¥C  contiibution of each mode
to a,hodlo (Vs<1.8 GeV)
O w, ¢ peaks are successfully

— - —— 7t Mass distribution
observed ) ¢ coriinty
“rediscovery 3 st W =M§§§Zi+i-fY £

S = —tnn0nd 3

O reasonable data/MC g %% i B

—  25F —
agreement £ Ldt=472pb" 3

L5 E Belle Il 2018 3

151 preliminary =
10E- E
5F =
OE i lte s 4 .

0 02 04 06 08 1 12 14 16 18 2 22
M (i n0) [GeV/c?]
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trigger efficiency for mmy
O high frigger efficiency is necessary
for precision measurement Belle trigger simulation
O Belle Il frigger foree2>any 1 o
O total calorimeter energy | .
> 1 GeV :.,. blue - my lapiiam.
O Bhabha veto pink : my
&loss of this veto |
must be small 0 2 4 6
M(nt) [GeV/c?]

O large loss by Bhabha veto in Belle
> precision measurement was difficult

O all Bhabha events were collected in phase?2

O Efficiency loss can be easily evaluated by .
countfing the number of events with Bhabha trig. il

O
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efficiency loss by Bhabha veto

O two kinds of Bhabha veto logic
O “Belle-type” Bhabha veto

O “ﬂeW” BhObhO Ve.I.Q M(J’EJ‘E) distribution

&S sof | "' red:tobe lost by “Belle-
Oresults of loss 3 b fype" Bhobhaveto
evaluation 5 e e e ot By Tnewe
0 “Belle- .l.yp . é 50%— J det=34.6pb'1 _;
(6.4+1 Smf)% 5 Jj Betlell 2018
O “new” logic soF. phase2data
2 events g/3360 events o E
(0-610-45101)% 05— 02%14 IE':E)Js 112 14 16 1?2 5%

—>the “new” Bhabha veto logic is feasible Memisevicl
for future runs

Belle II
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expected performance by MC sim.

24 9% ] ]% 3.7% éBG ro’rlo to total

Ja—y
<
W

O apply PID cuts
O BG contribution

O dominant BG:
other ISR modes
(ntmn, KK,

O O(%) level BG ;
same level with BaBar S : Belle || I\/\C

O high BG at low mass: T " (w/o beam BG)
nrn® with low-E #° 0

&<can be reduced
(kinematic fit...)

O efficiency
O 49% for 50<6;,<110°
O expect >1M events
with 500 flo-!

> can have results with
early Belle || datall

[y
<
¥}

Entries [/(0.04 GeV/c?)]

[u—y
—J

. background level to sum of all the modes
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summary

O ee—>nan Cross section measurement in Belle |l
with ISR method is critical to reduce
uncertainty of theoretical value for muon g-2

O In Phase2 data, p meson peak was clearly
observed and good data-MC agreement was
confirmed

O Peaks for w, g>n*nn® are also observed.

O Although Belle suffered from large efficiency
loss due o Bhabha veto in the trigger level,
such loss is evaluated to be small (£1%) with a
new Bhabha veto logic in phase? data.

O The first O(100) fbo'! data will give enough sign Qg
events, which will be expected in a few years Paias




backup slides
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muon g-2 fie = g 5

O “g-factor” of u (also e) is slightly
larger than 2 due to QED effect

00,=(9-2)/2 g
O0~30 discrepancy btw theo. and exp.

L
Oboth have ~0.5 ppm precision

O sfrong inferaction and
weak inferaction also
contribute Y

Ostrong : ~60 ppm
Ooweak : ~1.3 ppm

1

hadron
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ee—->an measurement at Belle |l

scan method

O radiative return method: hadrons
detect ee—>any events

O require energetic vy
(Initial State Radiation, ISR)

—>effectively low energy collision

O hadron inv. mass distribution —
Scorrections radiative return method

(BG, eff., unfolding...) &' hadrons
>cross section for each s

O simultaneous measurement
of JTITY (signal) and WWy (normalization) €
O cancellation of various errors

vary collision energy

Belle II

fixed collision energy
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hadronic conftribution e«

2009) 1-110
Y Y Y
'vvvx‘vvw <~ 'vvv\iE

had

O lowest order

O0~60 ppm confribution T4 o)

orelated to hadron production splcalihecen
cross section from et*e- ) oo O(1)

0 dominating theo. ghadito (%) / S—jK(s)R(s)
uncertainty mw/

° 4 2

U hlgher order Rhad(s) = o(eTe”™ — hadronS)/ m;s(S)
O smaller uncertainty

O light-by-light
O (not discussed here)

D
order ROV A
d OﬂiC Belle IT
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Fermion pair production
N ete collisions
O cross section is well understood can be neglected at M 2/s< 1

Oé2
olete™ — ptp~) =[4z )\/1 — 4M2/s (1 +2M2/s)
86.85 nb / (s [GeV?/c*])

O quark production _____R=o(ee>hadrons)/o(eeduu)
Is also well described  f ¥ :
07 E T | |p(28) E
at large s =2 Gev 2l
O charge/flavor/color  1©° , e
O for small Vs (<2 Gev), #, | 1o
experimental data ’ | b
: I : R=3%e 2 |
IS necessary e | h
0 low energy QCD P | A

1 10 10

\/g [GGV] from PDG



SYS‘. error ‘og‘e

in the BaBar result
PRD86 032013

detection eff. study

O reduction of systematic errors is crucial
—->need to understand each efficiency

within 0.5%
O imporftant to keep SR y
hlgh efﬂCIenCy '\ solid line : can be detected
O geome’rricol GCC@DTGHC@ dashed line : not detected
O trigger efficiency

O reconstruction efficiency

O cut efficiency
O momentum threshold
O PID cut
O

O background / unfolding
/ normalization...
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OCCGDTODCG s’rudy_

O efficiency is flaf
for large angle ISR y
—2>by limiting ISR y 6
angle, acceptance
can be kept high

-t dre i‘h‘CD.C"“HCJCCepTonce 5
: p>1 GeV/c for both w*

Entries [/(1 deg)]
i ok
./ <

[SS5Y
—
5N
P

O lose some events, =
but can be easily -
compenso’red by «:5 1_ ............................ ,,,,, e _________________________
Belle Il high stat. =08 T T—
O 10-20% loss due to - S i A N N _—
momentum cut oab o
(P>1 GeV/c) b ] Beleimc -t
o for good muon-ID b | 1 (W/oBG)
% 50 00 150

ISR vy 0O [deg]
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efficiency for each selection

O reconstruction efficiency
~10% loss, due to y conversion / wt interaction
O “good frack” selection (fit quality, distance from the interaction

point,...)
= gﬁ!r?(e’rgﬁ%/g?i/g\)/em Se|?CTIOﬂ ______________ efﬁmency ’ro all MC events
O ]O<E <11 Ge\/\: i ww( :[:A]Ag?r\é{ﬁ
0. ESTITIRRR: »w*‘ ........... A 0
<05 GeV/c = 0O e A |
anooterexta O < good trdieks selection
Ple T (add. )% after recoﬁs’rruc’non
D CU O ﬂﬂmm N
— _l_O_I_C” eff : 49% Llq_)()4_ .................................... .......... \ODDWTI’]QO”TI’\GCUTS ........
(fo all MC generated events) . . | .
E 5OO<6|SR<.| 10° 0.2__ ................... Belle I| MC } ........ .......................
O statistics : >1 M events | (W/0 BC}) ‘ ,4\

/500107 T T S T 00 150
ISR vy 6 [ded]



v energy in the lab frame [GeV]

ISR y energy |n Iob frame

5.5

4.5

()
I|IIII|IIII|IIII|IIII|

.......................................................................

] N SR S—

Is= 10583GeV
I e M, =
_— M,

,=03 GeV/c2 (ECM =5 289 GeV)

=0.75 GeV/c (ECM = 5.278 GeV)

E'0b>4 GeV

for: Iv\hod'-Q 2 GeV/cr:2

0 —45 0 —90

Belle | conlelon

...........................................................................................................

{E=5:18 GV N

................................................................................ [‘G
1 1 1 | 1 ICM\b | 1 1 1 | | ::M& | | | | | | 1 IeCNi\_I/llss 1 1 | 1 1 1 | 1 1 |

- (By=0.28)
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=

40 80

100

120

140 160 180
v angle in the lab frame [ ]
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O 100% efficiency for good events with ISR y
pointing the barrel region sum of all the trigger line
H .BhCIbh.C] veto 3 or more clusters (ech:Ee:;QQJg& ]i’/TO oo preseaed
is considered (atf least one >300 MeV) e.
\ (photon trigger)
0 some 1oss (O(%)) PV S W A -
for endcap, z _ .
as designed g red : i, blue : uu
(but these events are b= N ° closed : y in barrel
not used as discussed later] = 60:—2“ S S e open Y in QﬂdCOp
' phofon Trigger IS 40;_'65 ............. 23DTFGC|(S .......................... . ..... |
: : T Belle I MC
working effectively 20t S— ... S —

as expected

to be prescaled
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PID algorithm
O assign unique PID for each track
O require both tracks to be identified
as the particle iikelihood ratio (LR) = L/(L.+L)
of interest x=e, u, K
O study items e-id 502 electron
LR<0.9 |,

O uu €2 i Cross feed ,
u-ld  ——=2muon

O correlated efficiency LR>0.9
R<0.9 {
loss - )
- _—
K-I >0 5 KON
[R<0.9 |, D

O

ion
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muon/pion sepora’rion

"4

O mis-identified muons tend
to be recognized as pions
“u-id ineff. = fake &

O avoiding KLM module gaps, where
u-id efficiency is poor

0 V|S|b|e N p_l__q) pk] ne @ 1| S—— __==_'_—__—'_-_:;_E:"“““"“""‘ ......
O set veto regions S 4o __'_—':—- u* bc:rrel
(for barrel/endcap, =

ul

i

50¢ M events identified as

positive/negative u)

O require atf least one
track to be outside
of the veto regions

i KLM module
# s’rruc’rure




uu BG In e analysis

O reduction by a factor of 5
by infroduction of KLM module gap veto

O 9% additional efficiency loss

D .I-he SOme |eve| 2 :Z::I?::Z::::

with BaBar =

uu BG ro’rlo

32/ 16
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correlated loss of PID eff.

O additional efficiency loss can exist
due to two fracks close to each other

O compare two efficiencies

O u-id for both tracks
(including correlated loss)

O product of u-id
efficiency, which was

taken from single u MC
(do not include correlated loss)

O significant correlated
efficiency loss was no’r
seen

ee—>uuy simulation

eIoTed loss mcluded'

=

e

correlcn‘ed Ioss

- Belle IMC

[y
<

Entries [/(0.05 GeV/c?)]
o
=

T
_[SoN O U=

o5
SAn

efficiency
(=]
S oog
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BaBar trigger/filter eff. correction

LOS e ] 1.05 —————
1.025:— -
o el —
E v tvnianodoriai B M f
PRI S
“ 0975k +* ] &
I ] 0.95 -

LT

|||||||||||||||||||||||| 0 9 | | | | | | | 1 1 | | | | 1 |
0 0.5 1 1.52 2 2.5 0 0.5 1 L5
m,, (GeV/c?) m_(GeV/c?)
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BaBar tracking eff. correction

1.02 1.02 ———
il R i+ i}
g h1 w# HM ++#ﬂ*#+++++ me AL . ! |
S A
o 098 | 1 F098F K _
i ] +++ ]
| N
0.96 . 0.96 .
S R S SR 0 I 2

m, (GeV/c?) m_(GeV/c?)
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L1 frigger menu

Bit | Phase 2 description Ef:;:lg Changes for 2020 Prg(s)ggle
0 3 or more 3D tracks
1 2 3D tracks, =1 within 25 cm, not a trkBhabha 2 3D tracks, =1 within 10 cm, not a trkBhabha
2 2 3D tracks, not a trkBhabha 20 20
3 2 3D tracks, trkBhabha 2
4 1 track, <25¢cm, clust same hemi, no 2 GeV clust 1 track, <10cm, clust same hemi, no 2 GeV clust
5 1 track, <25cm, clust opp hemi, no 2 GeV clust 1 track, <10cm, clust opp hemi, no 2 GeV clust
6 >3 clusters inc. =1 300 MeV, not an eclBhabha >3 clusters inc. =2 300 MeV, not an eclBhabha
7 2 GeV E* in [4,14], not a trkBhabha
8 2 GeV E* in [4,14], trkBhabha 2
9 2 GeV E*in 2,3,15,16, not ecIBhabha
10 2 GeV E*in2,3,15 or 16, eclBhabha
11 2 GeV E*in 1 or 17, not eclBhabha 10 20
12 2GeV E*in1or17, eclBhabha 10 20
13 |exactly 1 E*>1 GeV and 1 E>300 MeV, in [4,15]
14 | exactly 1 E*>1 GeV and 1 E>300 MeV, in 2,3 or 16 5
15 clusters back-to-back in phi, both >250 MeV,

no 2 GeV
16  clusters back-to-back in phi, 1 <250 MeV, no 2 GeV ﬁ'c‘ﬁ:kzazcs‘;’;f'ba‘:k in phi, <250 MeV; no 2 GeV, 3
17 clusters back-to-back in 3D, no 2 GeV 5
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ight hadron production

O Hadron production cross section is an important
input for hadronic contribution a "9 of u g-2

U I

contribution to g had error?
7 KsK, KsK¢
(Vs<1.8 GeV) 4x others . 4 \ others

K*K-
O i mode gives

dominant &
contribution
(Vs<1.8 GeV)

values are taken from
Eur. Phys. J. C (2017) 77:827

)

-
/-

Belle I
.+ Sep, 2018




4n KS||<L others
K*Kg

i

DHMZ —a—
180.2+4.9
current SM prediction |
HLMNT —.—
182.815.0
SMXX '

HOH . .
1815535 SM : future projection

current exp. result |

BNL-E821 04ave. L. 2
208.916.3 |

i

I
New (g-2) exp. Y
208.9+1.6 I

exp. : future projection

| | | L 11| ‘ L11 1 | L1 | L1 || | 1111 ‘ L11 1 | I I:l | ‘ 1111
140 150 160 170 180 190 200 210 220 230
a-11 659 000 (107

\ OITIElS

“TJUL

K*K-

o8 il 1
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39 /20
.. 71 BaBar result —
effl C I e n Cy (as a function of M_)
9 i
J
0
0.4 kE .v‘\v/—
Belle I| MC : 2
__ (asa func’rion of ISR 6 ongle) I |
U Y SRS UUPPTURRURPR SR Qinnnnn 1 ~1 .
Ty in de’rec’ror occep’ronce l BoBaruw emiciency _
p>1 GeV/c . P S (3) p>1 GeV/c :
_Lrecomtrue’m@ﬂ """"""""" |
H .- levent selection... e 4 |IFR active areq _
: + (PID Ty €N 9%1 —— p 5
L ++#+ +.++HH++++++ +’f++++++'H+’f‘r # ey ++ . |
[ e —m—m, L Mo § 4%5 DIRC active areg
- 4 e
i ++ .. . ° .“-
[ 6> 6 pueid, 2, other cuts
- - >
1 ——-I-"'_—-: 1= 1 | 1 1 1 1 | 1 1 _O .‘—I‘"—*-Jf—_n 1 1 | | | | | | | | | | ( r >

Belle II
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R meOSUremenT R(s): needs
Q10 _ (%)2/; gl{(s)@ dependence

O scan method et

O ©large statistics hadrons
O ®limited energy range _
O ®point-to-point errors °
O being performed in Novosibirsk
O Initial State Radiation (ISR) method Hadrons

(colliders with fixed energy) e
O tag ISR photon (E>3 GeV)
O ©can scan wide energy range
O ©same exp'tal condition

O ®lower staftistics due to ISR O(a)
<can be compensated by high luminosity

O performed by BaBar / BES / KLOE




O muon ID inefficiency
>fake &t

O derived from module gaps

of the K -u deTecTor (KLM)
O also very forward @ (sz_ .......
region (6<25°), NOt Dok
covered by KLM T 100f -
O Avoiding this regiory,
helps toreduce  awt :
uu—>mx bkg 20| P T ekt s

0

—200  -100 100 200
¢ [deg]

0




KLM-gap veto cut

Oveto regions in track p-¢ plane
(¢ Is measured with respect to gap angle ¢,)

Odefined for each of particle charge
and 06 direction (endcap or barrel)

Orequire at least
one track fo be

region

outside this veto
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 so ueventsidentified as x (u*)
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PID performance — uu mode

O uu/mtr modes can be background
or each other

black & red : uu sim. (signal)

O MC stat. : ) T F red : u-ID for both tracks
~5 bl equiv. 3 &
O uu-ID eff. =
0~80% £l
Oloss by veto cut:
5% = -
Onn-duu bkg.ratio ff 5 Hy o pelegmC

0~0.4% el I e e
(M, <1 GeV/c?) ! g ° 4 FE.}
V/c?] B

dimuon mass [Ge
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PID performance — iim mode

black & red : i sim. (signal)
red : n-ID for both tracks

O ne—ID cut efficiency

O 69%
O loss by veto cut: 8.8%

O uu—>m background

Entries [/(0.02 GeV/c)]
2
|

0 0.15% (<1 GeV/c?) ol
<factor 5 reduction 3 _
due to the veto cut Hb}ﬂhﬂﬂ;u mBeJILe ! /;AMCE P
O same level as BaBar 02 06 10 1.4 N ]fgeV/c2]
O required statfistic . -
0 5.3k evis / 5 fb! | o paskoround ‘evel
i : l (red points : BaBar) -
~>>100 fb- 107 : ;
possible in early stage ; ‘LL 3
of Belle Il run 102 : Lrﬂ'rL |
(BO Bar : 232 flo ! rross 032013) ]O'3Fi ' i wHelle | MC

F N P B N . .
’.2 04 0.6 0.8 1 1.2 14 1.6 1.8
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radiator function

O probability to emit ISR y fo produce
a parficle system (X) with mass of m

do(s,m) 2m cross section for efe>X at m
= —¢(s, m)‘W(s, x)“cro(m)

dm ) ,
observed >WO(O x) = 7T—x ln— —1)(2 —2x + x°)
spectrum*3g , Ur

0.18}- L
m = 2E0\/1 — X
E E,=s /2
0.1 X = 2EYCM/\/S_
0.08-
0.06F ISR y to forward and backward
W directions is dominant 7>
" >only ~10% of ISR y can - P’
0.02
; be detected Belle IT
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ISR luminosity

O2m/s :to change x fom " — 2Eg\/1 — x

dU'ViC;’(/}:, m) B 2m S(S, m)W(S, )C)O'()(m)

Ocan be comporedﬁ SRluminosity ] fio°]

with direct scan
o exp'is
NLOLE ™ !

0.24 fb-

00 fio!

) |
L7177 SND at VEPP-2M
i L irect scan)

m (GeV/c?)

ngle aéceptance (ﬁ = 10.583; GeV)

¢ dL/dm x 0.1 GeV/c* (pb-l)
ISR luminosity per e*e” collision luminosity [/(GeV/c?)

Invariant mass of hadron system [GeV/c?]
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contribution of HVP

value (error)®
J. Phys. G 38 085003 (2011)

5 (ole) I’i’L7t -
1.4 0.6 ,
had,LO VP
Clu 0.9
1 M R ©o
charge screening
\ : : 4. Crnkovic, . .
o " 0.6
0.9
1.4 Y
©) g2 °
Alhag (MZ)
4 oo
11 1

m

PhD thesis

closer to each other
(= high energy scale)
- less screening

- stronger interaction



lE

10°]
102
103
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without veto cufts (mtr)

O o efficiency ~ 75%

O uu—~>7 bkg. rati
~ 0.85%

O comparison

with BaBar ana.
(PRD86 032013)

H uu background ratio

111

HT Belle Il MC

e

black & red : aw sim. (signal)
red : n-ID for both tracks

J—
(=]

w
T

Entries [/(0.02 GQ/C)

[
S
o

iy Mﬂ“

red points : BaBar analysis
slightly worse in this analysis Belle I

L

n P 1 Y A 1
.2 04 06 08 1 12 14 16 1.8 2 22

M __[GeV/c]



cut optimization

un efficiency | im>uu BG nn efficiency | pu>nn BG
no veto cut | 85.2% 0.39% 75.3% 0.83%
loose cut 80.9% 0.39% 68.7% 0.15%
tight cut 58.2% 0.40% 46.2% 0.10%
M<1 GeV/c?

O tight cut (require both tracks to be
outside the veto regions) loses
efficiency, while background
reduction is not so large
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trigger efficiency for mmy
o high trigger efficiency is necessary Be”i‘*ylpe Snielol1e) ViSie
for precision measurement
O Belle |l Trlgger for ee%nny \le\mkcw\w c8 c7/cs/cs/c4/cs%:2%1//é
O fotal calorimeter energy /
>1 GeV Q v
O BhObhO VeTO Backward
&loss of this veto Endeap e
must be small > \&
O large loss by Bhabha veto in Belle
-2 precision measurement was dlfflcul’r
O Bhabha veto logic in Belle |l ]
0 2D Bhabha veto: | g
rely only on 6 information ”Mﬁ': |
0 3D Bhabha veto: 1% Belle trigger simulation 4"
include ¢ information |
M(nwt) [GeV/c?]

0 2 4 6
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frigger efficiency study

O All the Bhabha events were recorded
INn phase?2 data due to low luminosity

O no loss of events by Bhabha veto
O can evaluate expected loss directly

# of events triggered by Bhabha trigger

oSS =
# of all events

\

standard calorimeter trigger (total E>1 GeV && 12D-Bhabha)
OR
2D-Bhabha trigger

D

O
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event loss by Bhobhc ve’ro

O 2D Bhabha
O (12.3%20.8,;,;)7% (M(mn)<2 GeV/c2)
O significantly large

O 3D Bhabha

O available only for the last
short period

O loosen y angle cut
to i mcrease stafistics
[50°,110°]=>[17°,128°]

O 2 events / 360 events
(0.6%0.4,,)7%

O much smaller loss

—~>can use the 3D Bhabha
veto logic instead of the Belle
-type Bhabha veto

eventloss ratio  Entries [/(0.05 GeV/c?)]

Entries [/(0.1 GeV/c?)]

2D Bhabha ve’ro

220

—_
N
o
III|III|III|III|III|III|III|III|III|III|III|III

e*e’—n* yt igger study

calorimeter total energy>1 GeV

lost by Belle-type Bhabha veto

Ldt=472pb"

Belle Il 2018
preliminary

+ +++ tot R —+—_+__+_+

02 04 06 os 112 14 16 18 2 22
M(nn) [GeV/c?]

rrrTrTrTrrTT T T T T T T T T T T T 3DBhObhOV€TO

OO

e*e’—m*wy trigger study

calorimeter total energy>1 GeV
lost by Belle-type Bhabha veto

lost by 3D Bhabha veto

L dt=34.6pb"

Belle Il 2018
preliminary

12 1.4 16 1.8 2 22
M(zm) [GeV/c?]

i

0.2 04 06 08 1



current situation of e g-2

PRLT00, 120801

0 measurement e = 1159652180.73 (28) x 1072 +0.24 ppb
(Harvard U)  8th and 10”“ order  hadronic contribution

] Theory of QED colculo’non\[ _a

a,(theory) = 1159652 181.78 (6)(4)(2)(77) X 1072 [0.67 ppb]

0 QED mass-dependent term PRL109, 111807
2.7478(2) x 10712

_ ~12
ohad  a.(hady.p) = 1.866(10)ex(S)haa X 10721 5 1)
a,(NLOhad.v.p.) = —0.2234(12) ¢ (7)aq X 10712,

a,(had.l-1) = 0.035(10) X 10~12,
Oweak

a,(weak) = 0.0297 (5) X 10712




current situation of u g-2

at™ = 116592089 (63) x 107" £0.54 ppm

O measurement .
116 140 973.318 (77) 116 140 973.213 (30)
(B N L E82 ] ) 8Th Ond ] OTh Order 381.008 (19) 381.008 (19)

413 2176291 (90) 413 217.6284 (89)
of QED calculation 1o 5.0938 (70) 5.0938 (70)
D e O ry a,(QED) X 101 116 584 718951 (80) 116 584 718.846 (37)

30 141.902 48 (41) 30 141.902 39 (40)
lepton mass o PRL109, 111808

a"P = 116 584 718.951 (0.009)(0.019)(0.007)(.077) x 10~

Ohadron  ghadgro _ (6 923 i.) « 1011

o
hadiNLO — (984 £ 0.6exp & 0.41aq ) x 10711

@y,
a, """ = (105 +26) x 107"

— 00 O\ B~

Ooweak
aV = (153.6 £1.0) x 107

W




