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The R Ratio
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Extracting Fundamental Parameters

of OCD from R Measurements

 Extraction of quark masses (c, b)

e condeneee \ ov s Amiliaton
* Extraction of strong coupling \g
constant _ot

* Hadron spectroscopy

* Timelike nucleon EM Form
Factors e s

1
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Outline
« Motivation: (g-2), & aqep(M,?)

* Results Energy Scan

* Perspectives at BES-III

e Conclusions and Future Perspectives
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Hadronic Cross Section Data and (g-2),, Glu
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Hadronic Cross Section Data and (g-2),, IG|u

Determine the hadronic 1 ©
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Muon Anomaly (g-2),,

Standard Model predictions (g-2),,
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Muon Anomaly (g-2),,

Standard Model predictions (g-2),,
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Hadronic Cross Section Data and o, (M)

Running of a_ (s) with s due to vacuum polarization corrections

* Leptonic Vacuum Polarization calculable within QED
* Hadronic Vacuum Polarization not accessible in pQCD - Dispersion relation

B a(0)
Cem(s) = TTNL TG o L(M2) = 128.962 +0.014

Davier, et al.( 2010)

Achim Denig Review of R measurements



Hadronic Cross Section Data and o, (M)

Running of a_ (s) with s due to vacuum polarization corrections

* Leptonic Vacuum Polarization calculable within QED
* Hadronic Vacuum Polarization not accessible in pQCD - Dispersion relation

a(0)
Qem(s) = (1{Aaem(s)| @7 (MZ) =128.962 +0.014

Davier, et al.( 2010)

QED Ay, (MZ) = 314.97686 - 10~
strong Aayaq(M3z) = (274.24+1.0) - 10~

dispersion integral relates o, 4

with Aa,, 2

- R data up to few GeV essential, above use pQCD !
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Hadronic Cross Section Data and o, (M)
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Electroweak Precision Physics

a...(M,?) limiting electroweak precision fits

- Test overall consistency of the electroweak Standard Model
- Since the discovery of the Higgs boson more timely than ever
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Electroweak Precision Physics

a...(M,?) limiting electroweak precision fits

- Test overall consistency of the electroweak Standard Model
- Since the discovery of the Higgs boson more timely than ever
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Electroweak Precision Physics

a...(M,?) limiting electroweak precision fits

- Test overall consistency of the electroweak Standard Model
- Since the discovery of the Higgs boson more timely than ever

Achim Denig
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Outline
» Motivation: (g-2), & ayep(M,?)

* Results Energy Scan and ISR
* Perspectives at BES-III

e Conclusions and Future Perspectives

Achim Denig
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Hadronic Cross Section via Energy Scan
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Hadronic Cross Section via Energy Scan

, Energy Scan = systematic variation of collider’s Vs
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Overview Novosibirsk Results

 CMD-2: "t <1%, higher multiplicities few % accuracy
* SND measurement of m*n with 1.2% accuracy
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VEPP-2000: Upgrade towards E, _=2.0 Ge V

VEPP-2000 (since 2010):

* Upgrade towards E,__,=2.0 GeV

L . =1-10%2cm?s?at2GeV

* Upgrade of detectors CMD-3, SND

Achim Denig Review of R measurements



VEPP-2000: Upgrade towards E

=2.0 GeV

Cross section (nb)

VEPP-2000 (since 2010):

* Upgrade towards E__
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Brief History of BES R Measurements JG|U

* Pre-study, using BESI tau mass data, 12 points around 3.55

GeV, ~8.5%, HEP&NP24, 609 (2000);

* Test run, 6 continuum points in 2.6 ~ 5.0 GeV, PRL84, 594

(2000);

* Full scan, 85 points in 2 ~ 4.8 GeV, PRL88, 101802 (2002);
 Raroundy(3770), 2 points off-resonance, 1 on-resonance,

PLB641, 145 (2006);

* Improvements at 3 continuum points, PLB677, 239 (2009).

Achim Denig Review of R measurements
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BEPC: o,,.,( e"e” — Hadrons ) IG|U
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Initial State Radiation (ISR)

New and completely complementary ansatz: Y
: . o .. +
Consider events with Initial State Radiation (ISR) e ISR
W. Kluge: “A success story”
Mhadr
Binner, Kiihn, Melnikov, Phys.Lett. B459 (1999) 279
Benayoun, Eidelman, Invanchenko, Silagadze, 1999, Mod. Phys. Lett. 14, 2605
Druzhinin, Eidelman, Serednyakov, Solodov, Rev. Mod. Phys. 83 (2011) 1545 e- Hadrons
1 \ 4 l
Charmonium Multihadronic form factors Timelike baryon
production e'e” — 2m, 37, 4w, >4 hadr. form factors
Spectroscopy (8-2), Oem(M7?) Hadron structure
e.g. Y(4260) Light hadron spectroscopy

) BABAR K&r=3

Achim Denig
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Outline
» Motivation: (g-2), & ayep(M,?)

* Results Energy Scan
* Perspectives at BES-III

e Conclusions and Future Perspectives
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The BESIII Detector JGU

Drift Chamber (MDC)
op/p (°/,) = 0.5%(1GeV)
Oge/ax (/o) = 6%

Super-conducting
magnet (1.0 Tesla)

Time Of Flight (TOF)
o;: 90 ps Barrel
110 ps endcap

LL Counter
2 8-9layers RPC
OR®=1.4 cm~1.7 cm

EMC:  OE/VE(%/,) = 2.5 % (1 GeV)
(Csl) Oz’q)(cm) =0.5-0.7 cm/VE

Achim Denig NIM A614, 345 (2010)
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Run Planning

JG|u

R measurement foreseen in 3 phases

Phase 1:

Phase 2:

Phase 3:

Rinrange 2 -4.5 GeV
~10% events per scan point, 3% systematic accuracy

—> improve oqgp(m,?) by factor 2

R in range 2 — 3 GeV, high statistics
>10° events per scan point

—> Improve nucleon IG.I/IG,| ratio, Nucleon FF

Fine binning R ratio in charmonium region
- charmonium spectroscopy

Achim Denig

Review of R measurements
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Phase [: Precision R Scan

R — 1 ) Nhad_Nbg
Gu+u— L.ghad .(1+5)

N,.4: Observed hadronic events

Np,:

L: integrated luminosity

background events

€h.4. detection efficiency for N, 4
0:  radiative correction factor
o,.: calculated within QED.
Measurement of R is a measurement of o(e*e"—>hadrons)
Except for controlling each item to the precision requested,

stable long term machine and detector performance is crucial.

Achim Denig Review of R measurements
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Phase [: Precision R Scan

R — 1 ) Nhad_Nbg
Ou+u— L.ghad .(1+5)

N,.4: Observed hadronic events

Np,:

L: integrated luminosity

background events Our goal°

3% precision
€h.4. detection efficiency for N, 4 °Pp

0:  radiative correction factor
o,.: calculated within QED.

Measurement of R is a measurement of o(e*e"—>hadrons)
Except for controlling each item to the precision requested,

stable long term machine and detector performance is crucial.

Achim Denig Review of R measurements
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Phase 1: Mini R Scan (2012) JG|u

* BESIIl collected data at 2.23, 2.4, 2.8 and 3.4 GeV during June

8-16, 2012;

* Total integrated luminosity ~12 pb;

e Useful information for machine at low energy;
* The data being used for MC generator tuning;
* Necessary to establish analysis chain;

e Baryon form factors, fragmentation function study underway.

Achim Denig Review of R measurements
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Phase 2: Nucleon EM Form Factors IG|u

2
) 47raﬁ i Gy 2 ZA[N ‘GN |2
Oete-—NN = N
- 3s
— — Effektive FF | Cross section parametrlzed by magnetic
G ~ IFI2 BABAR and electric form factors G,, and G,

10" | ¢+

Proton form factor
¥opA4H0O
=
s
w2

10

2
M; (GeV/c)
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Phase 2: Nucleon EM Form Factors IG|u

2
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8 o~ IFl O FENICE

[J DM2 .
g A DML ) R_atlo IGEI/IGMI N
- . v BES - e BABAR
g1 ¢+ I SIEJEO O PSI170
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¥
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Proton form factor

Phase 2: Nucleon EM Form Factors IG|u

10

2
i ) 4o’ ﬁ i e 2 QA[N GN(q 2
ete"—=NN — N
 3s
— — Effektive FF | Cross section parametrlzed by magnetic
G ~ IFI2 ® BABAR and electric form factors G,, and G,
O FENICE
YT Ratio IGl/IGyl ___
‘ ¢ H‘v} — e BABAR

1 + A O PS170

X

10 ,
1 l Conflicting results ?! |
2 3 s by
2 2 225 2.5 2.75 3
M,; (GeVic') M, (GeV/c?)
Achim Denig

Goal: Improve knowledge of 1G.I/IG,| by factor 10
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Phase 2: Nucleon EM Form Factors JG‘U

* Finer scan around 2.15 GeV: Y(2175)? Where there is also a
drop in the pp invariant mass;

 And another drop at 2.9 GeV,
* To explore even lower energy 1.8-2 GeV ? = ISR, Scan?

— 1000
Nl L J
o I ]
— T - ® BABAR -
S ] - & BES A
= 800 -
= ]
L
N -
5 600 - 7 FE &
[ g >
< -
400 2 % H+
200 /Iﬁ
_ S S
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3 3.5 4 45
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Phase 3: Charmonium Spectroscopy

5

R Value

. 31.8 l l . dll l l . 41.2 l l . 41.4 . l l 4.16
Eom (GoV)

* What are these broad resonances?

* Mass resgion where some X, Y, Z particles are found.

* Possible new resonance which are not yet discovered?

Achim Denig Review of R measurements
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JG|u

Phase 3: Charmonium Spectroscopy

5

§ Y(4260) with weak
as | coupling to DDbar ?!
4 -
a5 i ; * %\ {
3 }
25|
2

. 31.8 l l . dll l l . 41.2 l l . 41.4 . l l 4:6
Eom (GoV)

* What are these broad resonances?

* Mass resgion where some X, Y, Z particles are found.

* Possible new resonance which are not yet discovered?

Achim Denig Review of R measurements
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Phase 3: Charmonium Spectroscopy

Understanding the nature of charmonium resonances:

All possible two-body decays of (3770), $(4040),
J(4160), P(4415) need to be included in the fit

¥(3770) = DD;

(4040) = DD,D*D*,DD*,DD*,D,D;:

(4160) = DD,D'D*,DD*,DD*,D.D,,D,D::
(4415) = DD,D*D*,DD*,DD* D.,D,, D,D*, DD,

We need high statistic data taken at each peak position to
measure the resonance parameters and to know the cross
section of their exclusive decay channels.

« Non-resonant contribution
« Open charm threshold

Achim Denig Review of R measurements
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Outline
» Motivation: (g-2), & ayep(M,?)

* Results Energy Scan
 Results Radiative Return

e Conclusions and Future Perspectives

Achim Denig

Review of R measurements
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Summary

* Tremendous progress over past years in our knowledge of R
at low energies

* Pivotal role of Radiative Return technique
e Relevant for determination of QCD parameters

* Precision Test of the Standard Model

- Muon anomaly (g-2),;:
Improvement by ~factor 3 in knowledge of hadronic vacuum polarization;
in ca. 10 years; Timely topic: new FNAL experiment

- Electromagnetic fine stucture constant a,.(m.?):
After Higgs discovery new quality of electroweak precision fits possible

Achim Denig Review of R measurements
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Outlook JG|u

New e+e- facilities have started data taking or will start shortly

e Upgraded DAPHNE Frascati
-ISR < 1 GeV

* VEPP-2000 Novosibirsk
- Energy Scan < 2 GeV

* BES-IIl @ BEPC-II
- ISR < 3 GeV, R scan 2-5 GeV

* BELLE-2 @ Super-KEKB
-ISR <5 GeV

Within this decade (likely earlier?) further reduction of factor 2
in precision on our knowledge of R not impossible !

Achim Denig Review of R measurements
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BABAR and BELLE Scan Bottominium 6|

Scan of R, = o(e+e-—bbar)/c(e+e-—p+u-) in Bottomonium region

arXiv:0808.2445 arXiv:0710.2577
m"o'65"'I""I""I""I""I""I""L 30.50 :
05 "”; 045} :
C ~ 1
04F @ 040}
: 1 T :
03 1 03 :
: ] « :
02F — 0.0 :
o1t 1 osf i
o:l . l L l L l l L ; 0.20 | nnmimRmmRmmmmmm———— I+ lllllllllllllllllllllllllllllllllllllllllllllllllllll a
10.6 10.7 108 109 11 111 112 S S T S G S W
Js [Ge 10.75 10.8 10.85 10.9 10.95 11 11.05
5 [GeV] Js (GeV)
* |dentify bbar by event shape * Y(5S) peak obsesved as in BABAR
* Asymmetric Y(5S) peak oberserved * Anomalous decay patterns of decays

* Difficult interpretation (many channels) from Y(5S) in lower lying Y resonances

Achim Denig Review of R measurements
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BESIII Data Taking JG|U

 July 19, 2008: first e*e” collision event in BESIII
* Nov. 2008: ~14M y(2S) events for detector calibration
«2009: 106M y(2S) 4XCLEO-c
225M J/y  4XBESII xilfp’(szgrgae;; ii‘ié‘?lfo‘)’f
«2010: ~0.9 fb!y(3770) '
.2011: ~2.0 fbly(3770) | >->7CLEO-C
~0.5 fbl! @ 4.01 GeV
«2012: tau mass scan: ~5.0 pb!; y(2S): 0.4B; J/vy: 1B;
J/wv lineshape, R scan (2.23, 2.4, 2.8, 3.4 GeV)
«2013: ~0.5fb! @ 4.26, 4.36 GeV and scan in vicinity

Achim Denig Review of R measurements
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Radiative Return at BELLE

* BELLE ISR programme lead to important
results on charmonium spectroscopy

* So far no publication on light hadron
systems below 3 ... 4 GeV
(prelimary result on e+e- — ')

* No clear indication of e.g. Y(4260) resonance
which is seen in J/ nt

PRL 98 (2007) 092001 e+e- — D*+D*-, D+-D*—+

PRL 99 (2007) 182004

e+e- — Ti+1t- J/Y

PRL 99 (2007) 142002

e+e- — m+mt- P(3685)

PRD 77(2008) 011103

e+e- — D%DO%ar-, D+-D-

PRL 100 (2008) 062001

e+e- — DO+D-mi+

PRL 101 (2008) 172001

e+e- = AN, AL ALbar
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Hadronic Cross Section via Radiative Return

JG|u

Rev. Mod. Phys. 83, 1545-1588 (2011)

-2
E‘10 §||||(|D|| AR
8 af 0
o) 3 F |
E10 E / l W(2S)
T Y T
b-=1 0 i §_0 “-JW p
-5 E S (IQL‘N\I\[ ‘UL* )
10 = ﬁ"“v:::;%h )
6 i -
0 E  DA®NE I
7 F KLOE BEPC-II
10 b yss1.02Gev BES-l  PEP-II
- Vs~4 GeV BABAR
10 .8 | I I | | | || &
1 BELLE
Vs [GeV] =
Vs=10.6 GeV

Initial State Radiation (ISR)
aka Radiative Return

Yisr

e+

Mhadr

i Hadrons
e
* Possible at modern particle factories

* Needs no systematic variation of
beam energy

* High statistics due to high
integrated luminosities

—> Entire E range <Vs accessible

Achim Denig

Review of R measurements
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BABAR: ISR at 10.6 GeV

Features:

Rely on tagged (=measured) photon
for identifying ISR-events

High fiducial efficiency :

wide-angle ISR-g forces hadronic system into [y RS B
o , TiSr 7 — Hadrons
detector fiducial region at large polar angles IR e | - pr ds

= =
Harder momentum spectrum due to boost -A o g ;’--fé '
- fewer problems with soft particles; A\ 2N 7

- allows to go down to threshold

Can access a very wide mass range in

one single experiment:
from threshold to 4 ... 5 GeV

Achim Denig Review of R measurements



51

Initial State Radiation (ISR)

e+ V1SR
\/S Mhadr
Vs’
Hadrons
a-

l , l
Charmonium Multihadronic form factors Timelike baryon
production e'e — 2m, 3w, 4m, >4 hadr. form factors
Spectroscopy (8-2),, Oem(M7?) Haddron structure

€9 BABAR

e.g. Y(4260) Light hadron spectroscopy

<N
AR

/‘

Achim Denig Review of R measurements
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ISR-channel ete™ — ata nln?

) ! as |- SND BaBar : lc)?lzz
'.g;, g wl = sasax  preliminary
~ | 3
%25 - 30 | L ii%’“ﬁ¢+¢‘ J ‘
|§20 i ; =r 7 %{;’é - ® o + ° ‘ I
& * 4 T AR
: # 4 15 | L.%.%' I &1 T
TIS - + + E%JT[ ‘:
| | + 10 7- ) ‘.......
v ¢ K Iy AR
+\)1o ‘M'p(ZOSO) ) __%l Ec.m. [GE\;]+
¢ A o gt o 3% e e S
s L ¢ \.s = : o oLyA
. \\ : - 222 BaBar
o R P T SN S At . . | . o e
05 1 15 2 25 3 3s 4 45 as | prellmlnary +
Ecm [GeV] ol L
Typical features: > | % % 1‘1%‘ "
20 a . | ohad :T i o *
* Second most important contribution for (g-2)M b 1 V,+~ 1] E% o + 1
* Precision (preliminary result): 8% W | J#E'ﬁ . 4
* Analysis on full data (.454 fb1) s.ample almost . .,%;4][%]' ! E,. [GeV]
ready: ~4% systematic uncertainty o i iR R iR e ss w0

Achim Denig Review of R measurements
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Cross Section Data from e'e”

SLAC/Stanford
PEP-II
Vs=10.58 GeV
‘B-Factory’

Energy-Scan e+e-
Radiative Return e+e-

Experiments CMD-2 / SND

Energy scan < 1.4 GeV
=>» x*nw channel O(1%) !

Novosibirsk
I:Jj Ble:%ing
Fb R-scan2-5 GeV
I Inclusive meas. ~ 7%
LNF/Frascati
DADNE
Vs=1.02 GeV
‘p-Factory’

-~ ﬁ
%)
iTo_m Kto

Achim Denig

Review of R measurements
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JG|u

Running Fine Structure Constant

agr0) =1/137 a0) § Ace(MH=00314
aoepMA) =1/129 %7 1-Aq(s) U Acj(M,A)=0.027515+0.000149
E:CZut lat ( /> q
- O{(S R(/a, A (8
Ao () = —=— f ds' —! * *
had( ) 37T S/(S/ - S) b Y
4m?2 a
3.6 GeV 1.0 GeV

* Ay, 1s the hadronic vacuum
polarization contribution of the
five lightest quarks u,d,s,c,b

0.0 GeV, oo
* Low energy contributions are less
weighted in dispersion integral
Contribution => from which energy range on
12.Gev 10 A%y use pQCD?

[ F. Jegerlehner ArXiv:0807.4206]

Achim Denig Review of R measurements
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The Issue of Final State Radiation

FSR - corrections are model dependent, typically model of scalar QED is used

— 04
LO-FSR NLO-FSR .
. R 03 | | AFB ?‘”35 W?%
- 02 | Forward-Backward 09359 H’
Asymmetry "'

(=]
(S

[
9

Forward-Backward Asymmetry

+cC.C.

O Data offpeak

¥V MC (ISR+FSR only
scalar QED)

p v b v e by v bv s bywa o by v by v o b n g by vay
01 02 03 04 05 06 07 08 09 1

M, [GeV]

F-B- Asymmetry is a consequence of
ISR-FSR-interference and 1s a direct

test of model of scalar QED for FSR! 4|
Binner, Kiihn, Melnikov, Phys. Lett. B 459, 1999 0

Arg: unique opportunity to test final state radation

Achim Denig Review of R measurements
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Fractional Difference BABAR-other Exptsm

[=]
| o
G B

IF f(Exp) / GSfBABAR - 1
& S o
5 & 8 & B 2

&
(5]

o
i

IF f(Exp) / GSHitBABAR - 1

o
s B B

S e B

&
[¥]

e ol 0S5 DU
T T
fitted BABAR spectrum 3

1[+l
e i {

||||||||||||||||||||||||||||||||||||||||||||||||||

I+.I.Lr.LU.. P
TIPCTREL R, gy T

3 i +wﬂw+%% E

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Achim Denig

=]
& 8

=]
s & B

IF fA(Exp) / GSTBABAR - 1

e s 8
T

o
& 8
a w

IF f{Exp) / GSHItBABAR - 1

&
8

o
s & B

& s

I

Relatively large deviations seen ?!

||||||||||||||||||||||||||||||||||||||||||||||||||
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ete” — gata aln?

= 35[0
= #0(1450)
= 30l ++# BaBar
s | + +++ preliminary
T 2sf f
o | y o 4p(1700)
IR
20 # A
i 4 .
15[ 4 ¢
j + +
ok ' L 0p(2050)???
4 W
“0
5L : ~’s,
+ ..\\,.
Oy T
E. [GeV]
Features:

 Important mode for a, and Qggp

* Preliminary precision: 8% in peak — 5%
* Good agreement with SND <1.4 GeV

* Huge improvement >1.4 GeV
* First measurement >2.5 GeV

ole'e = ara’n) [nb]

) |nb]

=
h

- 0
¢e = ann

+

of

'
=]

W
h

W
=]

[
n

[
=]

%%‘bﬁ* 'L
_: %} ‘:, ;%(:% J+ ¢¢¢ J‘ .}

[ o OLYA

SND
[ = CMD2
[ e BABAR

R
4
1 1 " " 1 1 1 " " 1 1 1 " 1 " " 1 1 1
1200 1400 1600 1800 2000
E_. | MeV]
C o OLYA
:_ SND
- - cMD2
- L d BABAR
- BaBar %

N :%*':

4

- preliminary % 4
*
;

P B R 1 PRFUN S S U S S U NS S S SN U S S S B SN |

1400
E.. [MeV]




Comparison KLOE vs. Novosibirsk Experz

CMD and SND results compared to KLOEQ9: Fractional dlfference

S0
45;—;': ##
af '* & ¢ KLOE0Y
i | 4 CMD |
3SF f 1 x SND 0.3
- 4 ! 0.2 —Eg l (IF |CMD SND'IFn|KL0E09) /¥ IKLOE09
30r % 0.1F .
i [ % 0F '
BE / \ 0.1F * SND
: | \ 02k s CMD-2
20_‘ - '. e E ‘ G V
N ’ ¢ '03:_ ............ |....|....|....7.';)..[. .e...]
15F { By 01 02 03 04 05 06 0.7 08 09
10F / N band: KLOEO9 error
5_:, 0: .."
- - 0.2 2 .
: ...w'-"/ (My)” [GeV'] Fair agreement btw. energy scan
0IlIlllIIlllllllllIlllIlllllIllllllllllllll

0.1 0203 04 05 06 07 08 09 and radiative return experiments

Achim Denig Review of R measurements



<y .. . clu
BABAR Radiative Return Ergebnisse J ‘

Ein erfolgreiches Forschungsgebiet bei BABAR/Stanford:

-ete” = wranl
-ete” = 2(wt), it KK, 2(KYKD)
-ete” = wrannd, K* Kot i, K* K0 0
-ete” — 3(wtm), 3(mwra ), 2(wtn) KYK®
-ete” = 2(wrn )Y, 2(mwta ), v KK nl, it KYK™n
- ete” = KK 70, K*Kgt, K*K¢n
-efee—=pp
- ete” = AIAD, AVX0, 3030

1) Relevante Kanale fur (g-2),

2) Hadronspektroskopie und J/Ap - Verzweigungsverhaltnisse
3) Nukleon-Struktur durch Messung der zeitartigen Baryon-Formfaktoren

Achim Denig Review of R measurements
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BABAR Radiative Return Resultate JG‘U

-"J 8

LRI

SR s \
Ue

-ete =t Héochst relevant fiir (g-2),,
-ete” =

-efe” = 2(wtn), mrtn KYKC, 2(KYKD)

-ete” = wrannd, K* Kot i, K* K0 wt®

-ete” = 3(wn), 3(nwran?), 2(mwtn ) KK
-ete” = 2(wrn )Y, 2(wt ), wrn KK, vt KYK™n
- ete” = K*K nf, KtKv™, K*Kn
Weniger relevant fiir (g-2),

L —
€€ =PP_ — — Mesonspektroskopie
- ete” = AVAL, AVX0, 3030 Nukleonstruktur

Achim Denig Review of R measurements
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+ - — JG ‘ U
e € — pp
Defining the effective form factor |F| (|G| = |Gy,|): e S .
i ’ BABAR sl
4 m?> allows comparison , O FENICE |
— BC “(1+ m‘; ) \F\z with other experiments -0 < TN *
my e (pp—e’e’, e'e” — pp) ’
R 0.4 ,Lt+ + ¢
Complicated structure-ebserved: S+, ﬂjf
0.2
- ' — 1 N f 1
£ ® BABAR -
3 o FENieE N - Peak at threshold
] DM2 ] 1.875 1.9 1.925 Los 1.97¢
£ A DMl
2 BES Similar feature in M, seen by BABAR
é 107 ] for B—ppX and by BES in JAp—y pp!
i :§ :_,50'6 B [ BABI‘\R
1 ™ “: l BABAR o we
Fo ] i ou
§ j{% % LEAR
= ‘| *+ 0 E835
Agreement *%*?f?* & ET60
. 0.2 ¢ ¢ ﬂ
with pQCD- e
fit at high ] . L T e
masses I\/{p5 (GCV /CZ) 2 225 25 275 " (Gewc?a)
Sharp dips at 2.25 and 3.0 GeV

Achim Denig Review of R measurements
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Impact of a.. (M2

\Y 2 N p =

Reduction of uncertainty of a,,,(M,?) : Needed for electroweak physics

- least known input for electroweak precision fits to SM, =2 Project P2
e.g. Higgs mass prediction

] 10 T L ]
Sk 3 i/ GITEImE R
: :
7 E
6 _i
Davier et al. (2010) S _;
Including recent ISR *| Theoryuncenamty """""" E 20
data by KLOE and 3 — Ao (M?) = (274.9 = 1.0) 10°* 3
BABAR 2 Z =
lead to significant shift 1 EFEE G\ /- 10
of predicted Higgs mass , - A T B
p gg 0 50 100 150 2(|)0 25|0 300
<> M, [GeV]
+12 GeV
- Project P1: Reduce uncertainty of Aa,, 29 by ~factor 2
acnimpenig A must for future International Linear Collider .G :
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Theory contributions to (g-2),

QED
contribution

Hadronic

vacuum
polarizatio
n

Electroweak
contribution

Achim Denig

Review of R measurements
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Muon Anomaly (g-2),,

. — e
Magnetic Moment: m = Hg 8 S Ug: Bohr magneton, g: gyromagnetic factor ~ 2

Muon Anomaly: a,=(g-2),/2 = a,,/2n+...= 0.001161....

= Standard Model (SM) prediction a >:
-QED: @9  =(11658 471.809  0.015) - 1010
= (15.4 £0.2) - 1010

- weak: auweak
= (693.0+4.9) - 1010

- strong: g "8

a, ™ = (11659 180.2+4.9)- 100
SM prediction entirely limited by strong interactions !

= Direct measurement BNL-E821 auexp;
a,® = (11659 208.9+6.3)-1010

Achim Denig Review of R measurements
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Initial State Radiation (ISR)

Modern e*e™ particle factories : Vs = My120) = 1.02 GeV bet DA®NE
Vs = myyg, = 10.6 GeV bei PEP-II

energy scan impossible over a wide energy range!

Complementary ansatz:
Consider events via Initial State Radiation (ISR)

“Radiative Return” to p-resonance:
eeT—= p+y— AW +y

Measure 2 invariant mass
SJ‘I?=MJ'IZ.‘J132

do(e*fe— mray)
dM,__2

Achim Denig Review of R measurements



BABAR Example 2: ete” — m*a nln’

|—|35—_ *Fo orLva T

Z. " s

:- : 40 | ® BABAR BaBar

% 25F s |

lls‘ 20:_ *t %Aﬂ%}’“ﬁ*‘ J ‘

E E Y t-'- ‘00

T 15:— 25 |- % %;é 1l + L ] | ‘ I

o 10f- 1 ':%'*‘ T+ | |‘+ j

3 5 ;( ’l e

o) oF 10 [ ; _-‘v %‘I- A‘.......
s -+ P

E_ .. [GeV]

e Second most important contribution for (g—2)M

e Significant improvement >1.4 GeV

e Precision (preliminary result): 8%

* Analysis on full data (454 fb!) sample ongoing: ~4% or lower

Achim Denig Review of R measurements
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Radiative Return

Non-radiative do,
cross section M? d—]‘l;m o__(s)xH(s)

Resonance

0.1 | 0.I3 0.5 07 09
M, 2 [GeV?]

Radiator
- function H(s)

J 07 P L
M, 2[GeVz]

J. Kiihn, H. Czyz, G. Rodrigo radiative cross section
TN Radiator function
0.1 0.3 0.5 0.7 0.9
M, 2 [GeV?] MC- Generator PHOKHARA

Achim Denig Review of R measurements
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# Pion Formfactor: KLOE Results

:N

llllllllll

lllllllll

" Data onpeak

[ = untagged Photon *4}

:_ \/S =1.02 GeV f e KLOE09
- Data offpeak e # KLOEOS
E tagged Photon ' % (stat. + syst. err.)
d Vs =1.00 GeV 5

- <&

: o 1

:_ ; o’ @

" k.4

@ . 4,

- 1 (6] *

N -

B ]

[~ L

" ; %

= "0 °'.\
[ 4

s 9

d e

Wl (M,?To" Ge V]

lllllllllll

01 02 03 04 05 06 07 08 0.9

&0
PLB 670 (2009) 285
M * KLOE®
45F & . » RLOE08
40 E = ='=—t—’-'- (stat. + syst. err.)
3sE
: Zoom ==
25 — P—W- IIltCI'f (M,? n)z [GeVZ]
PR S S PR T TN SN S NN TR ST T NN S S S N
M54 056 058 0.6 0.62 0.6 0.66
05 B Relative Deviation
0.05F +
0.025 F 4t
0F
0.025 F
6(};%5 ¢ KLOEOS
‘_0.1 _ | (stlat. + syst.len'.) (]\,[Tm) [G V"
0.3 0.4 0.5 0.6 0.7 0. 8 0 9
Good agreement
with ~1% systematic uncertainty

Achim Denig
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# Forward-Backward-Asymmetry jG6|u

A very sensitive to:
Forward-Backward-Asymmetry

N(6" >90%) - N(8" <907) P D & s
A= S g~

N >90°%) + N(O" <90°) LA

FSR Scalar n
Y — ~ Mosnng
g Model of scalar .
= QED for FSR in%
s02f (pointlike pions) & ff
= Y-
é 01 F } * K tested Q,&Q
é.i +++ 0 ! 5-5& l
T 0 e * H {C = 0 oo | , o’ ‘o
o] T e | e
= | MJ =1 + v MC
02 F ¢ H ) O Data off ¢-peak 02 F oflT % O Data 2006
: ‘ | \s = 1.0 GeV :
03 [ " e Data on ¢-peak 03 O Data offpeak
o g { Vs =1.02 GeV o _ YMC (ISR+FSR only)
6o 02 03 od T 0s 0l 07 08 T os 0701 0203 04 05 06 07 08 05 1
s (GeV?) s (GeV?)
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# Pion Formfactor: BABAR Results

L~ n [ T T T I T T T T I T T T T T T T T T

i 100 = < j
5 / \p-co 10.3-3 GeV (50 MeV bins)

§ 10? =7 p (P _E

Irs 'y -

n = _

7] - 5 —

5 "E \ p’—p ?p 5

— L3 _

1 E— + l *—:-*""""-'** _E

m e g =

vk P Tty

-, : 1 l 1 1 1 1 I L 1 1 1 I 1 1 1 1 I l I 1 1 :

10° 0.5 1 1.5 2 2.5 3

\s' [GeV]

» Tagged ISR photons * Normalized to utu"y events:

« Wide energy range < 3 GeV LI
[

0.0

 Systematic uncertainty: 1.4% at threshold
0.6% on p peak

05 1 15 2 25 3

Achim Denig Review of R measurements



71

. _|_ _— .
Comparison I'_among e"e” Experiments

v:- 0.2 r—r—r—T—TTT T T T T T T T T v:' L o o e S (L S S S S S S S S S S S S S S S e s

g o.1s§— % ;— ‘ thggc —§

2 owf 2wt KLOE

% o.osi— % ;_ _E

g g N g i_ *W’M Fihidad, gt wu...-‘. —i

E= § ausl 3

= 01 . s

% -0.15;— 5_ _i

0) 02 o IS S S SN ST SN SN S S N SR ST U S S S S S R T P S S ST S N S S S |
0.5 0.6 0.7 0.8 0.9 0.8 0.9

. E Deviations W \& [GeV]

= ¢ wg———r——————————— of several percent? f——————

O § 015:_ B cﬁé%"? ' CSND E

& :t CMD-2 | . Cwpa Reason unknown! ]

3 o1t ; Ll 1] 3 B u _;

§ .O;J . H| Iy Nl“g ; 8 Iilc[H T.—: § _OEL' H' [ } + % Ii#f}? | Il%

g_oosé- { t* I I 2Ll _E g_o.osf_: ‘ ‘ I_f

_0_1; . { —; '°-‘;_f . ‘f

-0.15;— —: -0.15;- —E

2 015 O.IB 0I7 OIB O.IO . 1 42 (;IS — 018 0.l7 O.IB OIO .

& [GeV] \s [GeV]

M. Davier et al. ArXiv: 0908.4300 Review of R measurements
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Optical Theorem & Dispersion Relation

Optical theorem

M@

Hadronic contribution a,,"*/ can be computed using as input
e*e  annihilation data

Hadrons

tot
Ohaq (8)

Dispersion integral:
1 s =@+ ptY)?

oo
a frad — —3 _ds K(s) Opuy (s) K(s) analytically known ~1/s
H 4m° Jam2

Input: hadronic electron-positron cross section data
or hadronic t-decays = next talk

Achim Denig Review of R measurements



Electroweak Precision Physics

* Running of electroweak mixing angle sin?®,, as function of Higgs mass

» After Higgs discovery even more interesting

* Theory curve limited by electromagnetic fine structure constant

Higgs Boson Mass (GeV)

SLD —
LEP ——
World Average —0—
Aoy 4= 0.44%
200 - Myt = 0.6%
100 —
70
1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1
0.23 0.2305 0.231 0.2315 0.232 0.2325 0.233
s a2 neff
sin” 6,

SLD ——
LEP ——
MESA ——
ATLAS ——
Projected World Average —e—
s Aoy 4t x 0.22%
&
T’; 200 mtop: == 0-6%
[72]
©
= 1%
c mH- - (-]
o 1ggs
(72}
o
m —
o 100
m -
2 |
I
70 -
1 1 1 I 1 1 1 1 I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.23 0.2305 0.231 0.2315 0.232 0.2325 0.233
= a2 neff
sin® 6,

Achim Denig
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o, (M) and Electroweak Physics IG|u

a...(M,?) limiting electroweak precision fits

- Test overall consistency of the electroweak Standard Model
- Since the discovery of the Higgs boson more timely than ever

T T T T T l'l T T T T T
fitter [sul?
TR cremie e frr e —30

@)

Davier et al. (2010)

Including recent ISR Theoryuncemmty """""" 20
data by KLOE and BABAR — Aa) (M) = (274.9 = 1.0) 10°*
lead to significant shift
of predicted Higgs mass E& AN 4/ | .m| """ | """""" ‘o
50 100 150 200 250 300
<> M, [GeV]
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BABAR: Nucleon Form Factors IG|u

o m(m) = dra’p (m)| +—|GE(m)? Cross section parametrized by magnetic
BB\ T Tgn2 M 2 and electric form factors G,, and G,
\/ T =m?/4my’

Effective FF:  _ o3 — : . —
~ 2 R :
o ~|F| _ BaBar

ﬂ_

-+++
All FF‘s showing :
rising behaviour H

++ |
All FF‘s seem // ﬁ:ﬁk—f

to have consistent L. . . |

behaviour 22 24 26 28 '23
m (GeV/c")

> ® 0 )
VA
e
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ISR-channel ete” — ata v

(==}

6000 | T A ] % — N —— _ ——
Spectrum dominated | || = } + + E :
26| N
oo | by w, ¢, J/Ap resonances | || ¢ | i %& ++ |
: T84 # +HBaBar i
2000 |- B i 2 4 ]
[ / : /Njizﬁ +Hh g |

o I AN ) | N A 0 b AAA‘VM?OQM.&,“,. ’.%o...'
1 2 3 2 2.5 3
M, (GeV/c?) M, (GeV/c’)

Typical features:

* Precision data up to 1.4 GeV from VEPP-2M

* Above 1.4 GeV: BABAR data provides first high-statistics sample ever
* Large deviation seen with DM2

» World's most precise extraction of J/{ branching ratio: B{(J/v¢ — 37) = (2.18 £ 0.19)%

Achim Denig Review of R measurements
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77 Muon Anomaly (g-2),,

. — e
Magnetic Moment: m = Hg 8 S Ug: Bohr magneton, g: gyromagnetic factor ~ 2

Muon Anomaly: a,=(g-2),/2 = a,,/2n+...= 0.001161....

= Standard Model (SM) prediction a >:

-QED: %  =(11658471.809  0.015) - 1010
= (15.4 £ 0.2) - 10°1°

- weak: auweak
(693.0 + 4.9) - 1010

- hadronic: auhadr =

auSM = ( 11 659 180.2 £ 4.9 ) - 1010 Davier et al., 2010

SM prediction entirely limited by hadronic contribution!

= Direct measurement BNL-E821 a, P
a, P = (11659208.9+6.3) 1010

Achim Denig Review of R measurements
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Collider BEPC-II and BES-II1

BEPC-II (since 2009):

* Major upgrade of BEPC and BES-III
* Design luminosity: 1033 cm2s?
* R-measurements btw. 2 — 4.5 GeV

R measurement foreseen in 3 phases

*Rinrange 2 —-4.5 GeV
~1% statistical, 3% systematic accuracy
—> improve aqgp(m;?) by factor 2

* Rinrange 2 — 3 GeV, high statistics
—> Improve nucleon IG(I/IG,| ratio

* Fine binning R ratio in charmonium
region = charmonium spectroscopy

Achim Denig

Review of R measurements
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Radiative Return at BELLE

* ISR programme lead to important results —rete” = wtr J /b
on charmonium spectroscopy 80 | | |
S [ Belle ]
* So far no publication on light hadron %60 - H| ]
systems below 3 ... 4 GeV 2 4ok } { \ m Y(4260) ]
(prelimary result on e+e- — ') ﬁ;, - \ NI“ m ]
@
ol Hh HH B m & HM *th
PRL 98 (2007) 092001 e+e- —> D*+D*-, D+-D*-+ 7 4 5 5 5.5
n (GeV)
PRL 99 (2007) 182004 ete- — - I/ e*c" — 1w 1P(25)
o100 .
PRL 99 (2007) 142002 e+e- — 1i+1t- P(3685) a | }Y(4360) Belle
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0(6 e~ =i VISR

Tagged analysis:
ISR photon measured in KLOE-Calorimeter

* Increased amount of Final State Radiation (FSR)

Untagged analysis:
No ISR detection; cut on missing momentum

JJ JJ * Threshold mass region not accessible

*full KLOE statistics 2,500 pb-?

Publication -m_ int. Luminosity*

Phys.Lett. B606 (2005) 12 untagged Radiator 141 pb!
Phys.Lett. B670 (2009) 285 untagged Radiator 240 pb!
Phys.Lett. B700 (2011) 102 tagged Radiator 232 pb!
ArXiv:1212.4524 untagged WY 240 pb-t

NEW
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BABAR: Nucleon Form Factors IG|u
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— — Effektive FF | Cross section parametrlzed by magnetic
G ~ IFI2 BABAR and electric form factors G,, and G,
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| ‘l’l R : Conflicting results ?! |
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