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Introduction

The contributions to a, and its uncertainty

Ho= g2m
(gu—2)/2 = a, =0 (Dirac)
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The contributions to a, and its uncertainty
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The contributions to a, and its uncertainty
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Introduction

The contributions to a, and its uncertainty
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Introduction

The contributions to a, and its uncertainty

L e

Ho= gﬂs

(gﬂ _ 2)/2 — aEM — aSED + alvileak + azadronic

Interaction Contribution [-1071!]  Uncertainty [-10711]
QED [1] 116584 718.951 0.080
EW [5] 153.6 1
hadronic VP [4, 9] 6837 43
hadronic LbL [8, 3] 119 41
total theory 116591 828 60
E821 experiment [13] 116592089 63
deviation exp-theo 261 87
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Introduction

Discrepancy between SM prediction and direct
measurement from Eur.Phys.J., C71:1515, 2011 [4].
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Just a fluctuation?
30 effect, thus reduction of uncertainties necessary! J
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Introduction Theoretical relation a,, <> ohaq

Connection between a, and oy,q

Kernel functlon cross section
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(UL IEHCHEY  Theoretical relation a;, <> ophaq

Connection between a, and oy,q

q e~ q
SRR =
i

b ), Ku(S) - Octe—haa(s)ds

0.0 GeV, 0o
9.5 GeV

3.1 GeV
2.0 GeV

| L |

1 Vs(Gev) 10 1.0 GeV

Ohad (left) from Nuovo Cim, Co3as1:31-40, 2011 [7] and relative contributions to a/* (right).
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= I O A
The BABAR Experiment

Superconducting
Solenoid

PID (DIRC)

ceV)

e&

Vertex Tracker (SVT)

M Detector (IFR) Central Tracker (DCH)

Experimental specifications

Energy: /s =~ 10.58GeV (E.- ~ 9.0GeV, E.+ ~ 3.1 GeV),
Luminosity: £ =~ 454fb=1 (7(4S))

K. Griessinger (U Mainz) Hadronic Cross Section Measurements 09 March 2016 6 /25



Experimental setup at BABAR
Initial State Radiation (ISR) events at BABAR

—m.ﬁl AE
hadrons = Za = =
hadrons A

BABAR

ISR selection: large angle analyses

@ Detected high energy photon: E, > 3GeV
— defines Ecy & provides strong background rejection

@ Event topology: sk back-to-back to hadrons
— high acceptance

@ Kinematic fit including ~isr
— very good energy resolution (4 — 15MeV)

@ e'e -boost into the laboratory reference frame
— high efficiency at production threshold of hadronic system

@ Continuous measurement from threshold to ~5GeV
— provides common, consistent systematic uncertainties

v

K. Griessinger (U Mainz) Hadronic Cross Section Measurements 09 March 2016 7 /25



Experimental setup at BABAR
Initial State Radiation (ISR) events at BABAR

-2'5_";" AE
hadrons = Za =
hadrons A

BABAR

ISR selection: small angle analyses

@ ISR photon ~sr not detected
— more statistics at high energies

@ Event topology: sk back-to-back to hadrons
— high acceptance

@ Kinematic fit not including visr
— energy resolution ~ 10 — 15MeV

@ e'e -boost into the laboratory reference frame
— high efficiency at production threshold of hadronic system

@ Continuous measurement from threshold to ~8GeV
— provides common, consistent systematic uncertainties

v
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Introduction Experimental setup at BABAR

Most important channels
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Cross Sections of the single channels measured at BABAR (from Nucl.Phys.Proc.Suppl., 207-

208:133-136, 2010 [6]).
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Right panel: Cross Sect. of single channels (from Nucl.Phys.Proc.Suppl., 207-208:133-136, 2010 [6]).

had

Left panel: Relative contributions to a;;

(from Nuovo Cim., C03451:31-40, 2011 [7]).
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Introduction Experimental setup at BABAR

Most important channels
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Right panel: Cross Sect. of single channels (from Nucl.Phys.Proc.Suppl., 207-208:133-136, 2010 [6]).
Left panel: Relative contributions to §a/i? (from Nuovo Cim., C03451:31-40, 2011 [7]).
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Recent Results

ete” = KK~

Phys.Rev. D88 (2013) 3, 032013 [10]
Phys.Rev. D92 (2015) 7, 072008 [12]
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Recent Results efe™ — KTK™

Cross section o(ete™ — KTK™)

9 JE T eiyeker. Dss (2019) 3, 032013 (8
g 10° £ $(1020)
% 107 \
2 i
S 10E|
1
| ”’Wﬁuﬁ“f Jip and 1(2S) subtracted
10—1 * W Hm Wﬁ %*
i !
107 fi T
Tt
1073 |....|....|....|....|....|....|....|+....
1 1.5 2 2.5 3 35 4 4.5
Uncertainty of 0.8% near ¢ peak! Vs (GeV)

— luminosity from puy and K-ID
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Recent Results efe™ — KTK™

Cross section o(ete™ — KTK™)

O A e S B =
g 10° £ $(1020)
310 \
2 i
S 10g|
1 | i Jip and 1(2S) subtracted
¢ Mm m X W’ ,n
10" Y *ww st
i
102 T
T+
1073 |....|....|....|....|....|....|....|+....
1 1.5 2 2.5 3 35 4 4.5 5
Vs’ (GeV)

= ahd(KTK™) =(2295+1.4+22) x 101
— improvement by factor 2.8 over previous world data
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Recent Results efe™ — KTK™

A phenomenological fit to the form factor
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St = 05T
The ® parameters

me and Iy obtained from the fit of the form factor

BABAR PDG
me = 1019.51 +0.02(+0.11) MeV | me = 1019.455 + 0.020 MeV
e = 4.29 £+ 0.04(£0.07) MeV My = 4.26 + 0.04 MeV

— good agreement

From integrated ® peak: [§ x B(® — KTK™) = %%Q%CFS

BABAR:

rfi,exB(QD — KTK™) = 0.6344-+0.0059,,40.0028;+£0.0015 ., keV (1.1%)
CMD2:

e x B(e — KTK™) =0.605 + 0.002 + 0.013keV(2.1%)

K. Griessinger (U Mainz) Hadronic Cross Section Measurements 09 March 2016 13 /25



GEE =
Charged kaon form factor at large Q?

Predictions based on QCD in asymptotic regime (Chernyak, Brodsky-Lepage, Farrar-Jackson)

@ Power law: Fx ~ as(Q?)Q~" with n=2
—in good agreement with the data (2.5-5 GeV n = 2.10 £ 0.23)

@ HOWEVER: data on |Fk|? factor ~ 20 above prediction!
@ No trend in data up to 5 GeV for approaching the asymp. QCD prediction
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Recent Results efe™ — KTK™

Small angle analysis — even larger Q2
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Rl

@ Small angle measurement reaches energies above 5 GeV

@ Smooth decrease over full energy range
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Recent Results efe™ — KTK™

Comparison between small and large angle analysis

L L B L BN
BABAR (LA ISR)
CLEO

Seth et al.

BABAR (SA ISR)

®» 40O

H

0.1

+ 1

0.05 —
? +++
(B€_ | PhysRey D32 (2019) 7, 072008
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Good agreement between measurements in overlapping region
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GEE =
Asymptotic behavior of the form factor at largest Q??

1.5 71—
v: L ® BABAR(SAISR)
a L ¥ CLEO 0.9}
% B Setheral
)
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o 1
~
M
= [ 1
05 ]
? Asgl ,
o0 LT .. 1 RhysRey. D2 (2015) 7, Q72008
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At large energies, data tends to agree better with predictions
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Recent Results

+am 0 K0
e'e” — KJK{

Phys.Rev. D89 (2014) 9, 092002 [11]
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Recent Results efe” — KgKE

Detection of KK}

KS — 777~ and K selected via recoil mass
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Recent Results efe” — KgKE

KIK? mass spectrum
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Fit results

1 0,=1409 £33+ 42+ 15nb
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=
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| 0.4200-0.0033+0.0122+0.0013 keV

1.025

K. Griessinger (U Mainz)
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Recent Results efe” — KgKE

Cross section of eTe™ — KIK?
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Recent Results efe” — KgKE

Cross section of eTe™ — KIK?
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ete” — KIK T~
ete” = KIKIr T~

ete” — KgKgK*K_

Phys.Rev. D89 (2014) 9, 092002 [11]
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Recent Results ete™ - KOKOntn~ and ete™ — KgKgK+K_

Cross sections of eTe™ — KgK 7tr~ and KO KS7T o
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05 + m + 1 02; ++ +++ + 1
' { f N
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First cross section measurements
Clear J/ip peaks
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Recent Results ete™ - KOKOntn~ and ete™ — KgKgK+K_

Cross section of eTe™ — KKIKTK™

First cross section measurement
J/p observed in mass distribution

K. Griessinger (U Mainz)
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Summary

@ ISR physics has proven to be a very productive field even years after
the end of data taking at the B-factories
@ Precision measurements of hadronic cross sections have greatly
improved a°M & more hadronic final states in preparation
@ g, — 2 puzzle needs to be solved
* Data from new experiments (e.g. BES-III)
* Light-By-Light scattering needs to be studied
* E989 at Fermilab and J-PARC g-2/EDM
@ QCD predictions on form factors are tested experimentally

JG|U
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The End

Thank you!
Any questions?
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-
Breit-Wigner fit function

o 10* g
o E
10° E
10? E
10g E
1E .
10" E =
,[Phys.Rev. D8 (2013) 3, os2d13 T
107 12 14 16 18 2 22 24
Vs’ (GeV)

Fr(s) (a¢ . BW¢(S) + ag BW¢/(S) + ag - BW, +(s))/3
(ap . BWp(S) +ay - BWp/(S) + apr - BWpH(S) + apm - BWpW(S))/2
(aw . BWw(S) + ay - BWw/(S) + agr - BWw//(S) “+ ag - BWW///(S))/6
with ag +ag +agr =1

ap+ay +ay +ayn = 1

dw + ay!’ + ag! —|— ayrr = ]_
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KsKsK™ K~ mass spectrum
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Basic method

Definition of g:

. eB
wC — .
my
. eB
w = —
my
eB

=W, = a— .
m

(a = (g—-2)

K. Griessinger (U Mainz)
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Storage
Ring

eB

Wa = Ay 5

momentum

actual precession X 2

Spin precession. [7]
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Concept
Realization in detail

Polarized Muons

Protons Pions
Inﬂcctor/Injcction Point

from AGS I p=3.1 GeV

7t =y,
Target
Injection Orbit
Storage Ring Orbit

Kicker

Modules ]
Storage S/

Ring

In Pion Rest Frame

= = 5
—> momentum

“Forward” Decay Muons
are highly polarized

From 7" production to u* decay. [7]

Electric field necessary for focussing: BMT equation

L _ e = L=
Wa=—1\a,B— |a,— VvxE
2
my, ye—1

is independent of E for v = 29.3 <> E, = vm,, = 3.1 GeV.

Hadronic Cross Section Measurements 09 March 2016
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Resul
Direct Measurement of (g, — 2)

Experiment E821 at Brookhaven National Laboratory

The result [2]:

a, = (116592089 + 54, + 335,5) - 10712
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Direct Measurement Result

New Direct Measurement of (g, — 2)
Experiment E989 at Fermilab

The goal:
Reduce uncertainty by factor 4 (!) J
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New Direct Measurement of (g, — 2)
Experiment E989 at Fermilab

P Target e
Station

K. Griessinger (U Mainz) Hadronic Cross Section Measurements 09 March 2016 39 /25



T
Ultra-cold muon experiment at J-PARC MLF from [14]

||

The goal:
Uncertainty of ~ 1010711 (1) J
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T
Ultra-cold muon experiment at J-PARC MLF from [14]

3 GeV proton beam

(333 u) Silicon Tracke

Slrface muon beam 66 cm diameter
W (28 Mevic, ax10%s)
Muonium Production

Precision Magnetic Field
(3T, ~1ppm local precision)

New Method:
Produce muons from ionization of muonium, store them and track decay. J
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