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Fermion pair production
N e*te- collisions
O cross section is well understood can be neglected at M 2/s< 1

042
olete™ — ptp~) =[4z )\/1 — 4M2/s (1 +2M2/s)
86.85 nb / (s [GeV?/c*])

O quark production _____R=o[ee=>hadrons)/c(ee>uu)
Is also well described  f ¥ :
t] \/ 0E T | [ y(28) , E
arlarge vs - \s=2 GeV |
O charge/flavor/color  1©° , e
O for small Vs (<2 Gev), #, | 1o
experimental data ’ | b
: I : R=32eq2 i
IS necessary -/, |
0 low energy QCD P | A

1 10 10

\/g [GGV] from PDG
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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 f
contribution
(Vs<1.8 GeV)

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

X
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77t Cross section measurement

O Very precise measurements
(<1%) have been done
by several experiments

O small discrepancy (a few %)
between two measurements
—>this is disturbing error

shrinkage

O confirmation by an

|ndependenT

experiment is "¢

necessary

Cross section(exp) / Combination
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ee—>nr measurement at Belle ||

radiative return method
O Belle Il strategy o hadrons

O radiative return method
O require energetic y
O distribution of invariant mass

of hadrons - (BG subtraction and unfolding) ISR )
>cross section for each Vs
. CMS
O simultaneous measurement EEVS>5 GeV
of JLITY (signal) and uwy (normalization)
O various error cancellation scan method

hadrons

O study itfems with simulation
O dedicated trigger

O geometrical acceptance
O PID
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frigger for mmy measurement

O Belle was not able to measure this as they did

not have proper trigger

O low efficiency due to
Bhabha veto based
on only 6 angle
(energy sum of the
same 0 region(s))

O run-by-run instability
O new frigger in Belle ||

O improved Bhabha ve’roo;_

using both 6 and ¢
iInformation

O photon trigger

1.2

0.6

0.4

0.2

0

Barrel

NNARRRRAREZS,

Endcap Forward
Endcap

— Belle Triggér éfficiency (MC)

& mu-13m

0— 4 ¥ pi-13m

0
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O 100% efficiency for good events with ISR y
poinfing the barrel region sum of all the trigger line
= BhCIbhO veto 3 or more clusters (eer:;QQI]g ]i'/TO ve prescaled]
Is considered (at least one >300 MeV) e.
\ (photon trigger)
0 some 1oss (O(%) PR W A S -
for endcap, B _ _
as designed 5 red : m, blue : pp
(but these events are = - ° closed : y in barrel
not used as discussed later] = 60:—2“ S A R open vin ?ﬂdCOp
] phofon Trigger iS 40;_'65 ............. 23DTFGC|<S .......................... . ..... : |
: : T Belle I MC
working effectively 20 S 1.1 - _— o

as expected

to be prescaled



8/16

acceptance study

O mry acceptance as a function of ISR y 6 angle

O MC truth information is used ;oclisc:} I(iergje”:n 290;3} (ejveevnefnT
(Phokhara generator) — ISR y '

O can be calculated \
from radiator function

O same emission probability
between uand x
O CDC acceptance

O avoid edge regions,
where tracking efficiency
drops

ECL




occep’rcnce s’rudy

O efficiency is flat
for large angle ISR vy
—2>by limiting ISR y 6
angle, acceptance
can be kept high
O lose some events,
but can be easily

compensated by
Belle Il high stat.

O 10-20% loss due to
momentum cut
(o>1 GeV/c)

O for good muon-ID

tries [/(1 deg)]

En

Ratio of events
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<
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-« are in CDC acceptance 5

: p>1 GeV/c for both m*

1 e *N ,,,,, e .........................
08 e ......-* P stn ......................................... .........................
) Y N SN NSRS S I (N .........................
0.4 USSR SRR A SRTRRTORTURTRUTOUO SYRURTON SUUPTUPTIE DT AOUPRRORRRTR: .........................
ol il Belle Il MC o

o. - (W /O B G ) Jstance ::::

o ——=" |, l s
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event selecti
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on efficiency

O selection criteria (tentative)
O exactly two “good” track

O 10<E”

Ty

<11 GeV, P_,<0.5GeV/c

O suppress events with add. ISR and from other processes

O PID cut 1| efficiency to all MC generated events ]
O some | fter : e P71 GEV/C
COITE 1095 1S 3 e MC truth
reconsfruction .0 o S
o partially due S " p>1 GeV/c + good fracks
to y conversion .% T ~afterreconsiruction:
/m interaction = F P G T
el | 17 | IS i N e o I
[ A applying dll.theicuts
o total eff. : 49% ¢t PRYIg et e
(to all MC generated events) 0.2:_ ____________________ i Belle Il MC e
0 50°<0,<110° [ & (w/oBG) G
e H R R R i
00 50 100 150

ISRy 6 [de(]
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PID algorithm

O assign unique PID for each track
O require both tracks to be identified

as .The particle ikelihood ratio (LR) = L /(L +L,)
of interest x=€, 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 separo’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 @ 45 B _-_==__-_-__;__:;_E:__u“h_’“_h“ ......
O set veto regions S 4o __'_—':—- pt+ bc:rrel
(for barrel/endcap, =

ul

i

50 ueventsidentified 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| S :Z::I?::Z::::

with BaBar -

uu BG ro’rlo

13/ 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

elo’red 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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bcckground rOCesses

249 ]]% 3.7% éBGrohoToTo’roI
.>g§. > S :

Ja—y
c

O ofher ISR modes,
are considered
O BG from ggbar,

BBbbar and Tt is
small

Belle Il MC
O O(%) level BG for (/o beam 60)

[y
<
¥}

Entries [/(0.04 GeV/c?)]

[u—y
—J

M_>0.5 GeV/c?

O similar to or better
than BaBar
O worse in low
Mass region

O e with low-E m©

O optimization of
event selection

1E

e S
o L "

hackground level to sum of all the modes

[
=
b
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summary

O Precision measurement of ee->mw Cross
section in Belle Il is important for better
understanding of muon g-2 anomaly

O Several simulatfion studies are performed
for the ee—>mmy mode, which shows

O 100% L1 trigger efficiency for events
with large angle ISR

O BG level is found to be competitive to BaBar
analysis with tentative event selection and PID

O further studies

O selection optimization
O effect of beam background
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BaBar trigger/filter eff. correction

LOS ] 1.05 71—
1.025F -
&) 1: # b |+.+ o : o9 9% +’++w*+*m++*++§+ J;f
I R I A
& 0.975 + H + * + + ] &
i ] 095

LT

|||||||||||||||||||||||| 0 9 | | | | | | | 1 1 | | | | 1 |
0 0.5 1 1.52 2 2.5 0 0.5 1 L5
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BaBar tracking eff. correction

L2717 T 12————————7 77—
il PR i 7
g h“%*ﬂ# HM ++#ﬂ*#+++++ me AL g ! |
S e
o 098 | 1 F098F K -
i i +++ i
| o
0.96 - . 0.96 .
R T T S 0 I >

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

Bit | Phase 2 description I:,';?:; eal; 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 eclBhabha
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 ﬁg’?:kzazcs‘;’;?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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4n KS||<L others
K*Kg
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L. —— 1 BaBar result —
effl C I e n Cy (as a function of M_)
9 i
0
0
0.4 kE .v‘\v/—
Belle [| MC : 2
__ (asa func’rion of ISR 6 ongle) I |
U Y SRS UUPPTURRURPR SR Qinnnnn 1 ~1 .
ey in de’rec’ror occep’ronce l BaBar uu efficiency : _
p>1 GeV/c . P S (3) p>1 GeV/c :
_Lreconstrucr’m@ﬂ """"""""" |
H .- levent selection... e 4 |IFR active areq _
: + (PID Ty €N g,x) —— p 5
L ++#+ +.++HH++++++ +’f++++++'H+’f‘r # ey ++ . |
[ e —m—m, N Mo § 4%5 DIRC active areg
- 4 e
+++++ ..; . A .“-
[ 6> 6 pu-id, 2, other cuts
- S >
1 ——-I-"'_—-: 1= 1 | 1 1 1 1 | 1 1 _O .‘—I‘"—*-Jf—_n | | | | | | | | | | | ( r >

Belle II
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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
O ~3o0 discrepancy biw theo. and exp.

L
Oboth have ~0.5 ppm precision

O sfrong interaction and
weak inferaction also
contribute Y

Ostrong : ~60 ppm
Ooweak : ~1.3 ppm

K

hadron
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hadronic conftribution e«

2009) 1-110
Y Y Y
/\I\IV\‘\/\I\I\/ <~ 'vvv\iE

had

O lowest order

O0~60 ppm confribution T4 ~ obil(¢?)
o optical theorem
orelated to hadron production pea
cross section from et*e- ) oo O(1)
o 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

from arXiv706.0943
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R measurement R(s): need s
0 (%)2/: gK(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 &

O derived from module gaps
of the K, -u deTecTor (KLM)

O also very forward ©

region (6<25°), NOt Dyt
covered by KLM <

barrel

(D 140

100

O Avoiding this regior,

helps to reduce
uu—>mx bkg

40

0

'100 200

¢ [ded]



KLM-gap veto cut

Oveto regions in track p-¢ plane

(¢ Is measured with respect to gap angle ¢,)
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Odefined for each of particle charge
and 06 direction (endcap or barrel)

Orequire at least
one track fo be

. outside this veto
region
R < When track ¢=90°
<
)\ cBR
¢* = cos™!
: 2pT

[o)
o
O

50
45

= wevents identified as x (u*)

&)

<
|

40

355

30E

29720

..................
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PID performance — uu mode

O uu/mtr modes can be background

or each other
O MC stat.

~5fb! equiv. 3
O uu-1D eff. §
0~80% :
Oloss by veto cut:
5%
O 2> uw Pkg. ratio
0~0.4%

(M, <1 GeV/c?)

103

107

10

1

——

black & red : uu sim. (signal)
red : u-ID for both tracks

-

elle [ MC

" 4

V/c?] k

dimuon mass [Ge
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PID performance — aimr 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 o
O same level as BaBar 02 0. 1.0 1.4 N ]fgeV/CQ]
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 ! eross 032013) ]O‘3€ ' i Helle | 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 tfo emit ISR y fo produce
a parficle system (X) with mass of m

do.:..(s, m 2m cross section for efe>X atm
VZ,( ) = (s, m)‘W(s, x)“a'o(m)
m )
observed >W0(O X) = —(111— - 1)(2 2x + x*)
spectrum*2f ' TX\ m;

0.18}-
0.16

0.14}-

0.12 f
0.1
0.08-
0.06
0.04}-

0.02}-

m = 2E, V1 — x
E,=s/2
X = 2EYCM/\/S_

ISR y to forward and backward
directions is dominant

—>only ~10% of ISR y can <o
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?)

ISR; y angle aéceptance (ﬁ = 10.583; GeV)

edL/dm x 0.1 GeV/c2 (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
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without veto cufts (mtr)

O i 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 : i 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>nrn 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




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

] ’rheory of QED calculo’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 uw g-2

at™ = 116592089 (63) x 107" £0.54 ppm
Omeasurement e T
116 140 973.318 (77) 116 140 973.213 (30)
(BNL E821) 8t and 101 order "0 141902 45 4D 30 141902 39 (4
f ED | | 'I' 381.008 (19) 381.008 (19)
D Th e O ry O Q CO CU O IOH O(QED) X 101 116 584 713(9)2?8(;(7);)) 116 584 71?3(2)33128(?7()))
Q lepton moss PRL109, 111808
OQED

QP = 116 584 718.951 o 009)(0.019)(0.007)( 077) x 1071

Ohadron  ghadgro _ (6 923 i.) « 1011

o
aP NG — (984 + 0.60yp & 0.410q ) x 107

v
a,"”" = (105 £26) x 107"

—_— 00 O\ B~

Oweak
a™V = (153.6 £1.0) x 107"

W




