Measurement of QCD Low Energy Parameters in

Primakoff Reactions at COMPASS

Thiemo Nagel
on behalf of the COMPASS Collaboration

Physik Department E18
Technische Universitat Miinchen

Hadron 2009, Tallahassee, USA

supported by: Maier-Leibnitz-Labor Minchen,
Cluster of Excellence: Origin and Structure of the Universe,

BMBF

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 1/20



@ Outline

' COMPASS Experiment

‘ Charged Pion Polarizabilities o, and g,
@ cChiral Anomaly: F3~

@ ~° Lifetime

0 Conclusion and Outlook

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 2/20



The COMPASS-Experiment LM

COmmon Muon and Proton Apparatus for Structure and Spectroscopy

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 3/20



The COMPASS-Experiment LM

/ COmmon Muon and Proton Apparatus for Structure and Spectroscopy

Overview

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 3/20



The COMPASS-Experiment LM

COmmon Muon and Proton Apparatus for Structure and Spectroscopy

Overview 2 types of beam

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 3/20



The COMPASS-Experiment LM

COmmon Muon and Proton Apparatus for Structure and Spectroscopy

Overview 2 types of beam

Targets

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 3/20



The COMPASS-Experiment

COmmon Muon and Proton Apparatus for Structure and Spectroscopy

Overview 2 types of beam

Physics Goals Targets

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009

3/20



@ Outline

o Charged Pion Polarizabilities o, and g,

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 4/20



% Introduction
Charged Pion Polarizabilities

Theory and experiment agree on:  a,; + 8, ~ 0

xPT prediction for the pion (Goldstone boson of chiral symmetry)

O — B =57+1.0x 107%fm®

Gasser, Ivanov, Sainio, Nucl. Phys. B 745 (2006)

Ongoing discussion on the interpretation of dispersion sum rules (DSR)
— cf. Chiral Dynamics 09 proceedings: Drechsel, Fil'kov
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Physics Channels

Charged Pion Polarizabilities

@ yp — ynxT: Lebedev, MAMI

@ yv — «t 7~ PLUTO, DM1, DM2, Mark Il
» Babusci et al., 1992
» Fil'kov et al., 2005
» theoretical difficulties

— M. R. Pennington, 2nd DA®NE Physics Handbook, p. 531ff.

o 1t Z — 7t Z~: Serpukhov, COMPASS

V4
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Previous Measurements

Charged Pion Polarizabilities
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@ Q2: pion and muon beam, 2004 pilot run m

Charged Pion Polarizabilities
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COMPASS 2004 data
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@ Q? background: pion beam, 2004 pilot run i

Charged Pion Polarizabilities
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@ COMPASS Primakoff run 2009
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@ digital calorimeter trigger
(2004: analogue summation)
@ at first glance: >30k physics events
(Serpukhov: 7000)
@ Ni target instead of Pb
— reduction of theoretical uncertainties of multi-photon exchange
@ improved calorimetry:

» +100 mrad acceptance (2004: +34 mrad)
» better time resolution with sampling readout (2004: integrating readout)
» better HV stability and monitoring

@ better ID of beam K~ contribution (CEDARS)
@ beam e~ suppression by electron converter (5mm of Pb) in beamline
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@ chiral Anomaly: F3~
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xPT prediction

Chiral Anomaly: F37

Processes 7 — 2y and v — 3 in the low-energy limit are fully described by
loop diagrams:

Y el i
I
Y 0 N ™

Coupling constants F™ and F°™ are related by low-energy theorem

F37(0) 1
o e (1
Fm(0) ef,

with pion decay constant f,+ = 92.21 + 0.14 MeV (PDGO08) and e = v4ra.

Eq. 1 and Wess-Zumino-Witten effective Lagrangian give:

eN;

W =9.78 + 0-O5exp GeV_S (2)
T

F3(0) =

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 12/20



% Physics Channel

Chiral Anomaly: F37™

Primakoff 70 production (Serpukhov, COMPASS)
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Previous Measurement
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FTy GOl B 20,

Chiral Anomaly: F37
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@ ~° Litetime
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‘% 70 Lifetime

The 7® — ~~ decay in lowest order is described by a loop diagram:

Y
T

Y

For massless quarks, the leading order xPT predictions for decay amplitude
and decay width are

Q
AW:W;”; (3)
M. = 3|"‘””'2—775“:00.24\/ 4
= Mg = mene @

with pion decay constant f,+ = 92.21 +0.14 MeV (PDGO08).

NLO calculations with non-zero quark masses shift yield I',, = 8.10+0.08 ¢V.
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Previous Measurements

70 Lifetime
" —
~ 100 ;°mil',§z Crystal Ball
S :y ] ete - ™ ete
EA
(4 9_
LO =
NLOS8E
B Cornell : PrimEx
- vZ 12 1 vZ-12Z
U= CERN SPS
— DESY direct
Cyz-1z
o= |
— |
L
—IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

) year of publication
(stat. and syst. errors added quadratically)

Thiemo Nagel (TUM E18) QCD Low Energy Parameters at COMPASS Dec 2009 18/20



%

COMPASS feasibility study

70 Lifetime

thin target: 7° decays behind

Z/

thick target: 7° decays inside
— ~ conversion possible

— NOo ~y conversion

Thiemo Nagel (TUM E18)

70 decay length at 100 GeV is ~20 ym
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@ Conclusion and Outlook

Conclusion
@ 2009 data taking was completed 2 weeks ago
@ «a, — B,: world’s largest 7Z — nZ~ data set
o F3": world’s largest 7Z — 7Zn° data set

Outlook
@ separate measurement of «; and g3,

» beam time application currently being prepared
» earliest possible date: 2011

@ feasibility study for 7 life time measurement
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