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What are we doing?



Motivation

The reason why we are here!
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Hadronic cross sections

Distribution of contributions to a,, "4 and Aau had .
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Hadronic cross sections

Our goal:

Measurement of hadronic cross sections
at the BESIII experiment
with the highest possible precision.
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The BESII experiment
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The BESIII experiment

BEPC-II Collider:
* located in Beijing, China
* symmetric e+e collider

* 2 GeV < Ecys < 4.6 GeV

* typically fixed CMS energy
(/¥ (3.096 GeV), ¥ (3770), etc.)

e data taken at /s = 3.770GeV : 2.9 fb!

L , J\ ]
0’ | fixed E__ - \\f

II| | | IIIII[|
1 10 10

E [GeV]

Benedikt Kloss - Universitat Mainz



The BESIII experiment

BESIII Detector

Muon Chamber

Csl Crystal Calorimeter
Main Drift Chamber
= Time-Of-Flight System
1T superconducting solenoid magnet
j6lu
ovanes GUTENBERG Benedikt Kloss - Universitit Mainz 10

UNIVERSITAT



Initial State Radiation
at BESIII
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Initial State Radiation

* photon emitted in the initial state
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* CMS energy lowered by the energy of the emitted photon
= measurements at different energies possible S
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Initial State Radiation
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Study the channel

e'e” > IY g
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Initial State Radiation

Two different analysis types:
* tagged: photon is detected in the Electromagnetic Calorimeter
* untagged: photon leaves the detector (most probable case)

EMC EMC
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Initial State Radiation

Two different analysis types:
* tagged: photon is detected in the Electromagnetic Calorimeter
* untagged: photon leaves the detector (most probable case)
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First results
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nota bene: study in progress
no official BESIII plots
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Event Selection

Typical event selection: e'e” 9J'L’JrJ'L’_)’ISR

distance to interaction point R,, < 1.0 cm
R, <10.0 cm
to supress €'e¢ —>e'e Y, electron PID
# charged tracks =2
total charge =0
photon energy > 0.4 GeV
# photons = 1 (in tagged analysis)
= 0 (in untagged analysis)




Global Efficiency

cy /20 MeV

global efficien
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Global Efficiency

0.3

global efficiency
untagged analysis
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Global Efficiency
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= the p -peak can only be studied in the tagged analysis




Event Selection

MC produced with
PHOKHARA

= good mu/pi seperation
needed!

events /20 MeV
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Training an Artificial Neural Network

* Idea: Training an Artificial Neural Network

* Input variables:

* Muon Chamber: depth
* Electromagnetic Calorimeter: shower shapes and E/p
* Drift Chamber: dE/dx
E over P
% n*ny MC
] wrwy MC
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Training an Artificial Neural Network

TMVA output for classifier: CFMIpANN
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output of the Artificial Neural Network
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Using the ANN in my analysis
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Using the ANN in my analysis
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Analysis steps

BESIII % (3770) data set

1. event selection

events /5 MeV

2. background subtraction

* 3. unfolding

4. divide by global efficiency
_~ (data-MC correction)

events/5 MeV

- 5. normalize to luminosity and
) radiator function

6. vacuum polarization and FSR
e (G correction
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Heart of the analysis - global efficiency
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HIGH PRECISION:
data-MC efficiency corrections

pion tracking efficiency
muon tracking efficiency

photon efficiency

pion PID efficiency (neural network)

muon PID efficiency (neural network)

electron PID efficiency
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QED test

One can do now a cross check if the efficiency corrections work correctly.

The process e'e” = u"uwvy,, isapure QED process and so the MC
prediction has an accuracy much better than 1%.
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Result
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First results
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nota bene: study in progress
no official BESIII plots
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First Results
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First results
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First Results

reconstruction efficiency reconstruction efficiency
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Summary

* hadronic cross sections are an important contribution to the anomalous
magnetic moment of the muon

* a high precision experiment is needed
= this we want to do at BESIII via the ISR technique

* studies in progress are ¢'e” —>x'n, e'e” —=a‘n a’ and e'e” = A'A’
* first good results have been achieved

* the @' cross section shall be published as soon as possible

Thank you for your attention!
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Untagged analysis
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Tagged analysis — 4C kinematic fit

4C kinematic fit with hypothesis e*e”™ =" 77y,

10*

events / unit 2

2

™ continuum

scaled to same
luminosity

107

10

0 20 40 60 80 100 120 140 160 180 200
2
X2n
Pions and muons have very similar distributions because of their simalar masses.

T They can not be seperated with a kinematic fit.
JGlU
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Method

number of z*n7y,, events after background
subtraction and unfolding the spectrum

FSR correction

o’ (ete” = wtn (vrsRr)) = 2T {

/7

Luminosity

vacuum polarization

global efficiency of the event selection after ,
correction

all efficiency corrections

Radiator function



the Clermont-Ferrand ANN

Background rejection

Background rejection versus Signal efficiency
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- Training the Artificial Neural Network

annnjin

depth in MuC lateral moment E over P
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Training the Artificial Neural Network

* input sample is split into training and test sample
* output of training and test sample have to agree
= overtraining check

TMVA overtraining check for classifier: CFMIpANN

HT | Signal ttest'sample) '
@ Background (test sample)
EKolmogorov-Smimov test: signal (background) probability = 0.735 (0.455)
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events/ 5 MeV

Unfolding

Response Matrix

25—

m,, true [GeV]

15—

0.5 gl

Easy: Simply MC true vs. MC reconstructed

1 L1
2 25 3
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events/ 5 MeV

Vacuum Polarization Correction

Theoretical calculation from Fred Jegerlehner
(see http://www-com.physik.hu-berlin.de/~fjeger/)
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FSR correction
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Radiator function

Taken from PHOKHARA

= Precise description in NLO

LO formula

—+—  LO from PHOKHARA
NLO from PHOKHARA
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