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JGU etic moment of the

— 2
Muon anomaly: a, = 9“2
a, in units of 107
Standard Model 11659182.3 £+ 4.3 Davier et al. EPJC 77 (2017) 827
Direct Measurement 11659209.1 + 6.3 BNL-E821 PRD 73 (2006) 072003
Difference 26.8+ 7.6

‘—» More than three standard deviations !
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— 2
Muon anomaly: a, = 9“2
a, in units of 107
Standard Model 11659182.3 £+ 4.3 Davier et al. EPJC 77 (2017) 827
Direct Measurement 11659209.1 + 6.3 BNL-E821 PRD 73 (2006) 072003
Difference 26.8+ 7.6

‘—» More than three standard deviations !

Indication of New Physics?

New experiments at Fermilab and J-PARC aim at fourfold improvement of accuracy
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JGU etic moment of the

— 2
Muon anomaly: a, = 9“2
a, in units of 107
Standard Model 11659182.3 £+ 4.3 Davier et al. EPJC 77 (2017) 827
Direct Measurement 11659209.1 + 6.3 BNL-E821 PRD 73 (2006) 072003
Difference 26.8+ 7.6

‘—» More than three standard deviations !

Hadronic Vacuum Polarization

Hadronic contributions completely dominate the
uncertainty of the Standard Model prediction!

HVP (LO): (693.1+ 3.4) 107 epic 77 (2017) 827
HLBL  : (10.5+2.6) 1072 Ad.Ser Direct tigh Energy

Use input from experiments!
Hadronic Light-by-Light Scattering
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JG|u m Polarization

Related to hadronic cross sections by optical theorem

W(q}/v e>vCE
q e’ Dispersion integral :
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JG|U t BEPCII

NIM A614 (2010) 345
Muon Chambers
= 8 -9 layers of RPC
= p>400 MeV/c
®m ORP=14~1.7cm
RPC: 9 Electro Magnetic RPC : 8
layers Calorimeter SRS Superconducting Magnet
= 1T magnetic field
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0SS Sections

® Exclusive Cross Sections ® [nclusive Cross Sections
® Direct scan ® Direct scan
e - e -
NG NG
L s = Ecy + LRy
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JG\U surement

= 130 energy scan points o ‘
m2 GeV<Vs<4.6 GeV ~ul
= N,., > 10° at each point 3
203_. ... °c sefe ° °
nF- ., * A P | L e ?‘ - .“rm-:?
Ecm(GeV) .
m Background Contributions
R — 1 Nhad — kag < . EVTu?ted with MC
— ® ¢Te” : Babayaga

0un L ehad - (1+0)

= ;7,7 : Babayaga, Phokhara
\ - 7__|_7__ - KKMC

® Radiative Corrections = vy :Babayaga

= Luminosity ® Two schemes tested: n S o
= Determined from large angle ® Feynman diagram = Dominant channels according to
Bhabha events i
® Structure functions Phys. Rep. 4 (1975) 81

= (0.8 % uncertainty

Chin.Phys. C41 (2017) 063001 = Agreement within 1.2% = BdkRC, Diag36, Galuga, Ekhara

= Beam related background
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= 130 energy scan points - .
"2 GeV<vs<4.6GeV 3
= N,., > 105 at each point ?: '

T
.
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' 35
Ecn(GeV)

S

Aiming at total uncertainty of R measurement < 3%

= Dominated by uncertainty of event generator
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JG|u e Radiation

® Reduces effective CMS energy

Vs = \/5—2\/§E7

® Radiator function relates to non-radiative process

e = 2mhadW(5 E+; 07 )had

dm7 S

. Q
® Emission of ISR suppressed by —
7

® | arge integrated luminosity needed for precision studies

= Studies based on 2.93 fb* at (3770) =" [ f

8w’
E L !
‘g 10 ?.'
© 107 E ““""4.1
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polar angle distribution of ISR photons (MC)

10%

events/0.01

10°

107 - \‘N‘/
- B T TR T L1 1 L .

Tagged analysis

rements

® Detect hadronic system

= |SR photon detected
= Acceptance from 77~ threshold
= | arge background contamination at high+v/s’

= |SR photon undetected
= High statistics
= Acceptance for Vs’ > 1 GeV
= Small background contamination

Untagged analysis

%
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T

T

Systematic uncertainties:

0.5%
0.8%
0.8%
1.5%

BaBar
KLOE
CMD

SND } Limited by statistics

Accounts for 75% of a/"" " » Good knowledge important !
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KLOE and BaBar measurements dominate world average

e'e =1

Cross selction(exp) / Combination - 1

C * BABAR
Lo v Lo v b

Combined
R

05 0.6 0.7 08

systematic differences

0.9 '}
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e'e -
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:
- : * KLOEO8 = KLOE12 _f
c = KLOE10 Combined ]
05 06 o7 o o
Ns [GeV]
- hV P
» large uncertainty for a,,
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JGU T

Phys.Lett.B753 (2016) 629 45 " T T T T T T T A T T T T T

— BESIII fit

-+ BESIII

= Tagged ISR technique

m 1 — wseparation with Artificial Neural Network
= Normalized to integrated luminosity

= Careful evaluation of systematics

® Total uncertainty of 0.9% achieved = r EPITNN |
s' [GeV]
® Dominated by 0'155‘ R I F e R AR
® Luminosity (0.5%) 43 S s 3

oo . . el
Radiator function — (0.5%) 954’1'..;1.,;,1i;j:!'i'iiu.-li A, |

AL L | bt [
KT T '|J!| 5

T

|F [/ BESIII fit - 1
o

® evaluation for 0.6 < m,, < 0.9 0.1

= 70% of total 21t contribution R K A/ - Ry -
WV P _ _ Is' [GeV]

=50% of a,,” * contribution 5 B A A BT R O AR
- T
5 . i ]
Comparison to previous measurements: : ‘gﬁ%i?%ﬁ%m%#ﬁﬂg; *%ié iw % :
= Systematic shift in pion form factor woos f * i f# 'ﬁiif
= below p/w interference wrt BaBar ot £
= above p/w interference wrt KLOE B R D
7 \Eo[ése\/] 0.8 0.85 0
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Phys.Lett.B753 (2016) 629 45;_' e _"B'Eé"'”'“' 1=
= Tagged ISR technique ‘3‘2‘ + Besm
= 1 — 7 separation with Artificial Neural Network . %0F
= Normalized to integrated luminosity 3
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>
o
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= 70% of tot $ oof T HH :::+_________f__f__*_*: ﬁ:::.:::::.*::::*: R

"50% of aj,

® Use ANN to select muons +
m Compare to QED prediction + aoer0 ]

—— KLOE 12

= Excellent agreement!

Comparison m Spin-off: Electronic width of J/¢  phys.Lett.B761 (2016) 98 #ﬁ; ﬁéﬁfim R
= Systematic Too(J/%) = (5.58 £ 0.05550¢ + 0.085,5;) keV * f '#ﬁi‘
= below p/ : :

m above p/w interference wrt KLOE

i by P A 8 ] 0 9 D
0'1%.6 0 65 07 0.76 0.8 0.85 0
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m 1 — wseparation with Artificial Neural Network :
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= Careful evaluation of systematics
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Comparison to previous measurements: s | a0
® Systematic shift in pion form factor S s H } { 0
= below p/w interference wrt BaBar JHEP 1803 (2018) 173 e
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s BaBar (09): 376.7 £ 2.7 ——+—

KLOE combination: 366.9 + 2.1 ———

BESIII (15): 368.2 + 4.2 ——=—

SND (04): 371.7 5.0 ————+

CMD-2 (03,06,06) combination: 372.4 + 3.0 —&=—

Phys.Lett.B753 (2016) 629
JHEP 183 (2018) 173

360 365 370 375

380 385 390 395 400

a"™ (0.6 <Vs'<0.9GeV)x 1077

Precision competitive to measurements by BaBar and KLOE

Good agreement with all KLOE results

BESIII result confirms aﬂ‘“’s"" —
Reevaluations of aZVP

including BESIII result improve accuracy by 20%

exp
a, > 30

EPJ C77 (2017), 820
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Tagged ISR method Untagged ISR method

ISR photon observed-

Combination of the ISR photon and any other photon Polar angle of the ISR photon

104§|‘\||||||||||“||||||||||\\II|III||||\\|IIII|III\§ 12m}_l'llll\llllII|\II|III|III|III‘\II|III‘I_
- BESIll Preliminary . ety _mumn S - BESIII Preliminary . ey 7
N§ 10° = —— Backgrounds = = o — Backgrounds *© _:
o F - S ok ]
2 S -
S e E > 600 e
F—% 10 ;— = U:S . - _:
- P Tl ] 200 :— _:
1_'~-|...|...m..lui_...|.H|.‘.’..|...‘ 0:'_ . e I _,_-—'—v——!__—':‘#":—l_l:

0 005 01 015 02 025 03 035 04 045 05 0982 0.984 0.986 0988 099 0992 0.994 0996 0995 |

2
M’YISR’Y( GCV/ c ) COSG'TISR

Measure ete™ — 77 m~ 7%7°%(y) to correct background description
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m+r~rlinvariant mass spectra
: dN dL
m Below1.8GeV:Fit — =o0(m)-—-¢
dm dm
3 . 2
127 rvmi/TEBV — 3m)  e¥VY
o(m) = —5Fpr(m)| ) = (m) =
V=w,d,w’ w \% pﬂ'(mV)
400 3 oo
4,350/~ - o, o, 80|
>3001 E > 50} S
S250[ : Y = 50_‘
200 E Q_f Q|
31502_ E 2 Pt
5100 . S 20 £ ol
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:""l """""" |"r"_|.';"_l"_"_L';'
,2501 0 'untagged
> 00" I} Besii Praiminary
=" ¢ | | ]
_ : L 0 Q1501 f .
= Above 3 GeV: Determine B(J/¢y — n"n~ 7)) 100} | i i
c ]
z 50 | i ‘ =
0 w & _f
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ESIII Preliminary® E
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~———— BESIIIfit =
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© o N W 2 00 oo N o

| 0
BT 7T

fl ‘ L I L l TT T T ‘ TTr 17T I LI \ll'l'llll[]l[l‘lt
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= Good agreement with previous measurements

® |[mproved precision

® ~ 3% syst. uncertainty in full mass range
m < 2% at narrow resonances

®m Confirms BaBar result at w”

hV P

= To be used to evaluate a,,
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Strategy similar to e"e™ — 777~ 7%y analysis

a0l —4— BESIII ]
5 B m SND -
c i A CMD2 ]
cti i ACO i
|g : D M3N :
+
tzz_ — A ND -7
0 20— l s MEA -
() B OLYA .
+ﬂ_) - J
T 1of BESIII Preliminary
5

TE 3 35
M(rc*m2r°) [GeV/C ]

= Error weighted mean of tagged and untagged results
® Good agreement with previous measurements

® |mproved precision  (approx. 3% syst. uncertainty)

4 =50
‘ P 2w ,LO/10_10

(1.8 GeV)? 1
_ 1 imi . . :
aEJrﬂ 279L0 _ o / ds K(5)0 s 5 o) BESIII (preliminary) ‘ 18.63 + 0.27 £ 0.57
(4mx)?
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mADONE vy2
- T T T T T T T T T T T T [ T T T AADONE MEA
B BESIII ]
40— g —+ — = aND
o i = SND ] 2 OOLYA
c B 4 CMD2 | = eBaBar
— - v GG2 _ IS Phys. Rev. D96 (2017) 092009
e 0 ACO ~ &
N i . o
e i o M3N ] T
+ .
= B A ND — K
T A | o MEA 7 &
) - OLYA N
) i |
T 1of BESIII Preliminary
PR N TN S R S T S TR Y M M MY s | Sossopseee | L T =
85 15 2 25 3 3.5 : e s
M(r*n2n°) [GeV/c] cn (GeV)

= Error weighted mean of tagged and untagged results
= Good agreement with previous measurements

® |mproved precision  (approx. 3% syst. uncertainty)

atr—27%,LO _
(1.8 GeV)? ap © 2910710
_ 1 Imi . . .
o 270L0 _ — / ds K(5)+-—y-o(s) BESIII (preliminary) | 18.63 & 0.27 4 0.57
4 BABAR 1794+ 0.1+£0.6

(4my)?
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® it w signal on smooth background in every bin of M

nta—n0n0
= Approx. 4% syst. uncertainty

= Good agreement with previous measurements

_I I | I I 1 I I I I 1 I I | | 1 I I I I I | I I I 1 I_

o0l —e— BESIII N
— 15l » SND-2000
o - —
= B v |
% - CMD2 :
. ND ]

‘o 10 .
‘o - o DM2 ]
° L BESIII Preliminary -
O_I | | | | 1 | | | | -'.' mi AN Ex am ix 4% % -l e i

1.5 2 25 3 3.5

M(on®) [GeV/c?]
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. e Té*?t'SnO | | | | i
- —a— '3n0, 1 excluded i

6— —— on’r’ —
S BESIII Preliminary -

c(e’e’—n*n 3n°) [nb]
T

2 2. 3
M(5n) [GeV/c?]

= From background evaluation of ete™ — 777~ 7%x°

®m Good agreement calculations using isospin relations
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® Hadronic cross section measurements at BESIII

® Scan, tagged and untagged ISR methods
= Competitive accuracy

m 7t result confirms az‘eqs'\” —a% > 30

0 0

= Preliminary results on ete” s> ntr nlete” >t 7w m%and eTe” — 7t 370
= Measurement of R value ongoing, 3% accuracy targeted
= Pion form factor to be evaluated in additional mass regions from ISR and scan data

m Additional exclusive final states in preparation

May 30, 2018 C.F. Redmer - Hadronic cross sections at BESIII CIPANP2018

25



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

