Low energy e+e- cross section study
(applications to (g9-2), and light hadron spectroscopy)
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Had LbL

Known well Theoretical work ongoing

Calculations can be compared with directly measured aM value

performed by BNL E821 with 6.3 10-1° (0.54 ppm) accuracy.
The difference indicates new physics.

arXiv:0809.3085 Eduardo De Rafael (CPT)



SUSY': g-2
tanf3

See full Topical Review: D. Stockinger J.Phys. G34 (2007) R45-R92



Precise knowledge of  will aid 1n discrimination
between a wide variety of standard model extensions




The Situation 1995

SM For The Muonic (g—2), (1995)

Source

QED

~0.3 x 10710

Reference

[Schwinger *48 & others]

Hadrons

~(15@ 4) x 1010

[Eidelman-Jegerlehner 95 & others]

Z, W exchange

~0.4 x 10710

[Czarnecki et al. ‘95 & others]

Arbitrary Units

— ~K(s)/s for (g—2)u

............... ~1/s?

........ ~ 1/(s(S—M2)) for aQED(MZ)

Dominant uncertainty from
lowest order hadronic piece.
Cannot be calculated from
QCD (“first principles”) — but:
we can use experiment (!)




R, the definition

Central values

o (e*e” =y — hadrons)

R(s)=
) o (efe” = uu)
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R from experiment and QCD
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Current/Future activities in R
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New calculations in 2006

New data are available from VEPP-2M - published!
n+n— from CMD-2
e 96’ data 350-520 MeV  systerr=0.7%
r 97’ data 1030-1380 MeV 0.6-0.8%
» 98’ data 600-980 MeV 1.2-4.2% 9 10° evts
r good agreement with published 94-95" CMD-2 data and SND
® more data from CMD-2 and SND for other hadronic channels
multihadron cross sections from BaBar
¥ new data significantly improves accuracy of a "2
smaller systematic error
consistent treatment of radiative corrections

= much smaller syst error on rad.corr.




Measurement of R in Novosibirsk
1974 - 2000

LINAC CMD-2 Detector

VEPP-2M
B-3M 200 MeV 180 - 700 MeV

Synchrobetatron
BEP 900 MeV
e’ e  booster

Detector

Electron-positron convertor

Still a lot of data to analyze !




CMD-2 detector
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1 - vacuum chamber 5 - compensating magnet 9 - iron yoke

2 - drift chamber 6 - BGO endcap calorimeter 10 - storage ring lenses
3 - Z-chamber 7 - Csl barrel calorimeter

4 - main solenoid 8 - muon range system




SND detector




Pion formfactor - results

N

096 o098

.1..

102 104 106

\s, GeV
]

CMD2 - 96 data
CMD2 - 97 data
CMD2 - 94,95 data
CMD2 - 98 data

SND
CMD2 on ¢

| I |
0.6

0

.8




Internal Cross-checks
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Overview of the results
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Comparison with KLOE (2005)
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The Role of 7 Data through CVC — SU(2)

W: =1 & VA

T

CVC:I=1&V

)

hadrons

fundamental
ingredient relating
long distance
(resonances) to
short distance
description (QCD)




Testing CVC with one number

Infert branching fractions (more robust than spectral functions) from e*e-data:

61rIV,,dI2
m?

T

BR,(t" =z, )= ew | ds kin(s)-v=@reoreed(s)
CcvC T

T decays Belle (preliminary)
25.15+0.04+0.31

. CLEO
" 25.42+0.12+0.42

ALEPH
25.47+0.10+0.09 = o Al g +0.92 +0.21

DELPHI

. —_ . —_ . - - 0
25.29+0.20+0.14 2 —0.08+0.11
OPAL

25.44+0.17+0.29 _ _
a'v, +0.91+0.25

T average
25.40+0.10

Average (w/o KLOE)
24.48+0.18

23.5 24 245 25 . 26 26.5 27




Comparison with ALEPH (t—Tr1t%)
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Belle analysis of tau decays
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BaBar R measurement program
using ISR




Other exclusive channels: BaBar ISR

* systematic program underway using ISR from Y(4S) energies, taking
advantage of high luminosity (B-factory)

- statistics comparable to CMD-2/SND for E_<1.4 GeV, much better than
DM1/DM2 above

« full energy range covered at the same time

X = 2E [E,

YIsr

. do(s,x) | i
T dxd(cose)_H(S’X’e) o,(s(1-x))

®,0... -

H(s, x,0) = “

T X

2-2x+x* x* x—2E
sin® 6 2 )

H is radiation function




Results published by BABAR
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Analyses in Progress
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BaBar ISR: atnnY

_ huge discrepancy with DM2
) % ]
= } e
s { h E
® BaBar
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G 1 t _f
ﬁi i in
Lol 2 i]lii
25 3 3. 5 4
s (GeVd) contribution to a "4 (1.05-1.8 GeV) :
« all before BaBar 2.45 £ 0.26 = 0.03
« all + BaBar 2.79 £ 0.19 = 0.01 x10-10

- all - DM2 + BaBar 3.25+0.09 £ 0.01




BaBar ISR: 2xa*2m

+ ALEPH
= CMD-2 (low) -
= CMD-2 (high) -
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Cross section (nb)

s (GeV?) contribution to a "ad (<1.8 GeV)
» all before BaBar 14.20 = 0.87 + 0.24
- all + BaBar 13.09 + 0.44 + 0.00 x10-10

Waiting for a similar results from 7t*t 71’ mode |



BaBar ISR: 3xa*3m-
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Cross Section (nb)
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Evaluating the Dispersion Integral
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Update for ICHEP-Tau06

a4 [ee] = (690.9 +4.4) x 10710

a, [ee] = (11659 180.5+4.4, ,+3.5 5.+ 0.2QED+EW) x10-10
Hadronic HO —(9.8+£0.1) x10-10
M.Davier talk at tau06 inclu- , 1
ding: Hadronic LBL +(12.0 £ 3.5) x 1010
Electroweak (15.4 £0.2) x 10-10
L L B B L L B . i QED (11658 4719+ 0.1) x 1010
DEHZ 03 (e*e™-based |
180.9+8.0 (e based) —A— : Knecht-Nyffeler, Phys.Rev.Lett. 88 (2002)
DEHZ 03 (t-based) o | 071802
:;;frs;( ‘e based) . Melnikov-Vainshtein, hep-ph/0312226
e e -Dase
176374 v Davier-Marciano, Ann. Rev. Nucl. Part. Sc. (2004)
J 03 (e*e -based)
179.4+9.3 (preliminary) ' . 1 f Kinoshita-Nio (2006)
TY 04 (e*e™-based) ﬁ
180.6+5.9 (preliminary) A I i
DEHZ ICHEP 2006 (e*e™-based) i BNL E821 (2004)
1e0sEe e (preiminan) DR | a P = (11 659 208.0 = 6.3) 10-10
BNL-E821 04 |
208+5.8 - Observed Difference with Experiment:
v b v by by v by by by b b b
140 150 160 170 180 190 200 210 a, [exp] — a, [SM] = (27.5+8.4) x 10-10
-10
a,— 11659000 (107") L
®» 3.3 standard deviations




Contributions to a Mad [in 10 —19] from the different energy domains

Modes Energy [GeV] ete” (1
Low s expansion 2m_— 0.5 55.6+0.8+0.1_, 56.0 £ 1.6 + 0.3,
w*x~ (+SND+CMD?2) 0.5-1.8 449.0 0.9 .4 464.0 + 3.0 £ 2.3,

With MV corr. 456.0 £ 3.0 £ 6.0,

- 2a 2m_— 1.8 16.8 £1.3:0.2 21.4 %+ 1.3 £ 0.6,
27" 27~ (+BaBar) 2m_— 1.8 13.1 - 0.0, 12.3 £ 1.0 £ 0.4y,
w (782) 0.3-0.81 38.0+1.040.3 24 -
¢ (1020) 1.0 - 1.055 35.7 £0.2,, =
Other excl. (+BaBar) 2m_— 1.8 243 £\1.34+ 0.2, =
JIp, P (285) 3.08 - 3.11 7.4£04+0.0,, -
RQCD] 1.8-3.7 33.9+0.5,,, -
R [data] 3.7-5.0 7.2£03+0.0,, —
RQCD] 5.0 - 9.9 + 0.2, -

Sum (w/o KLOE) 2m_— 690.8 3.9+ 1.9 %074, 710.1 £5.0 £ 0.7, % 2.8,



What we have now?




|F..|? from KLOE (2008), CMD2 and SND agree well
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More BaBar data are available
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New in 2008: BaBar results (preliminary)
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BaBar results in p region
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BaBar vs. other experiments at large mass




BaBar vs.other ee data (0.5-1.0 GeV)
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BaBar vs.other ee data (p-w interference region)
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BaBar vs. IB-corrected t data (0.5-1.0 GeV)
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Different measurements in 630-958 MeV

CMD2 2007:
361.581. T gyt 2 9gygr

| A

SND 2006:

361.042.0, ;4147 yer

KLOE 2008:
356.7+0.4¢,:+3.1gyar

BABAR 2008 prelim.:
369.30.85r 5y 12.25y 5y A

PR S T WA [N T TN T U S T WA N SN ST S T AN NS SN S N S BN A N TR S SN NN TN TN N N B
330 335 340 343 320 335 360 385 370 372

a (0.630-0.958 GeV) (10™°)




Had LbL

Known well Theoretical work ongoing
CONTRIBUTION RESULT (x 10~ '") UNITS
QED (leptons) 116 584 718.09 £0.14 £ 0.04,,
HVP(lo) 6 908 & 39cxp £ 19:0a + Tpaep
HVP (ho) —97.9 £ 0.9¢xp = 0.3;24
HLxL 105 £ 26
EW 152 +£2+1

Total SM 116 591 785 £ 51 oa, =51 x 10"

arXiv:0809.3085 Eduardo De Rafael (CPT)



Analyticity and the optical theo
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a, =(g—2)2

 Present Status E&21:
— Experimental uncertainty % 10-11 (0.54 ppm)

« 0.46 ppm statistical Limit was counts

* 0.28 ppm systematic

— Theory uncertainty = 51 x 10-'! (0.44 ppm)
Leads to Aa, (Expt — Thy) =295+ 81 x 10! 3.6 0

« Expected situation after FNAL experiment:

— Experimental uncertainty: 63 2 16 x 10!
* (.1 ppm statistical = 21x the E821 events

* 0.1 ppm systematic overall

— 0.07 ppm field 2 0.17 = 0.07
— 0.07 ppm w, = 0.21 = 0.07

— Theory uncertainty: 51 2 30 x 10-"!

Future: Aa (Expt— Thy)=xx+34x 10!

(If xx remains 2935, the deviation from zero would be close to 90)




The are 10 representative SUSY models
with typical parameters for masses and , etc. They serve as

test points to indicate the discrimination power of experiments.

Muon g-2 1s a powerful discriminator




Suppose the MSSM reference point 1s realized and
parameters are determined by global fit

LHC plus
amu

LHC
alone
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Conclusions

» Hadronic vacuum polarization is still the dominant systematics for SM prediction
of the muon g — 2

e Significant step in precision from new experimental input
CMD-2 + SND +KLOE for 2n BaBar for multi-pion channels
e Precision of SM prediction (+5.1) now exceeds experimental precision (+6.3)
e Discrepancy with 7 data (ALEPH & CLEO & OPAL) still remain
e Final result from BELLE awaited - only 1.5 o from e*e- data now
e Until 7/ e*e ~ puzzle is solved, only e*e — data used in dispersion integral

e SM prediction for a, differs by 3.6 o [e*e ~] from experiment (BNL 2004)
v

e New proposal to measure muon g — 2 with 1,6 x 10-'° accuracy is submitted
e The high interest to low energy cross section measurement motivates new
project - VEPP2000




VEPP2000 project




VEPP-2000 collider

250 MeV %
synchrobetatron ’ ) VEPP—-2000
2E=0.4-2.0 GeV

- circumference - 24.4 m

* revolution time - 82 nsec
* beam current - 0.2 A

- beam length - 3.3 cm

- energy spread - 0.7 MeV
*By= B, =6.3 cm

- L = 103 cm3s-! at 2E=2.0 GeV
- L =103 ecm3s-! 2E=1.0 GeV

convertor

2E =400 - 2000 MeV , 1x1 bunch

Solenoidal focusing - round beams at IP

Refs for VEPP-200

1. In: Proc.Frascati Phys.Series,v XVI, p.393,Nov.16-19,1999
2. In: Proc. 7-th Europ.Part.Accel.Conf. EPAC 2000, p.439, Vienna,2000




VEPP-2000 nanﬂg
[Ldt 100 pb" per detector per year e

Total integrated luminosity with all detectors on VEPP-2M ~ 70 pb-!
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" Machine is running now
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1. Precise measurement of the quantity

w

o N O

R=c(e+e > hadrons)/ o(e+e>u+u—)

. Study of hadronic channels: e+e— > 2h, 3h, 4h .., h= n,Kn
. Study of ‘excited’ vector mesons: p', p”, o', @,..
. CVC tests: comparison of e+e~ > hadr. (T=1)

cross section with t-decay spectra

. Study of nucleon-antinucleon pair production -

nucleon electromagnetic form factors,
search for NNbar resonances, ..

. Hadron production in ‘'radiative return’ (ISR) processes
. Two photon physics
. Test of the QED high order processes 2-> 4,5
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i & = IJ.L.

 Assembling, plan to
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How can we improve measurement of R?




Examples of improvements (CMD-3)

LXe + Csl

u-n N-sigma separation

600 700
Energy Deposition, MeV

(il o i i L
500 600
Energy Deposition, MeV




Conclusion




Thank you







