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COMPASS ChPT & Pion Polarisability Result Other Channels Summary Outlook
@ mmon uon and roton pparatus u“-m
N2
for tructure and pectroscopy

@ secondary 7, K, 'p’: up to 2:107/s (typ. 5-108/s)
Nov. 2004, 2008-09, 2012:
hadron spectroscopy & Primakoff reactions
@ tertiary muons: 4-10” / s
2002-04, 2006-07, 2010-11: spin structure of the nucleon
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Experimental Setup

ixed-target experiment

@ two-stage magnetic spectrometer ECAL2

@ high-precision, high-rate tracking, HEALZ

PID, calorimetry \
SM2

SM1

Target
RPD

Muon Filter 2

Muon Filter 1

Si Telescope RICH1

gy QCD at COMPASS
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V)

Experimental Setup

Fixed-target experiment

@ two-stage magnetic spectrometer ECAL2

@ high-precision, high-rate tracking, HEALZ

PID, calorimetry \
SM2

@ 190GeV 7~ beam on p and nuclear targets
N (C, Ni, W, Pb)

@ Silicon microstrip detectors for “vertexing”
@ recoil and (digital) ECAL triggers

Friedrich
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@ Electromagnetic Polarisabilities L
N2
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@ structure-dependent response to outer e.m. fields:
_ 1 22 B2
AH = —3 (a-E +ﬁ-B)

@ well-known for atoms and molecules
@ measured on 10%-level for nucleons (also spin dependent)

J. M. Friedrich — Low-energy QCD at COMPASS
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@ Pion polarisability and ChPT L
N2
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pion polarisabilities o, B~ in units of 107* fm°
size of the pion ~ 1fm? [cf. atoms: polarisability ~ size ~ 1 A

ar —fBx = 57+1.0

Theory: ChPT (2-loo rediction:
Y (2-loop) prediction: "\ 5 _ 046401

experiments for ar — 3~ lieintherange 4--- 14

(ax + = = 0 assumed)

ChPT: chiral perturbation theory: low-energy expansion of QCD

J. M. Friedrich — Low-energy QCD at COMPASS 5/30
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@ Pion polarisability and ChPT L
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pion polarisabilities o, B in units of 10™* fm®

= 293+0.5

Oir
Th : ChPT (2-loo rediction:
eory ( PP Br = -—277+05

input to theory: measurement of the radiative 7~ — e~ vey decay
PIBETA experiment at PSI, PRL 103 (2009) 051802

experiments for a lieintherange 2..-7

J. M. Friedrich — Low-energy QCD at COMPASS
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COMPASS ChPT & Pion Polarisability Result Other Channels Summary Outlook
@ Pion Compton Scattering L
N2

Ty — mYy

@ Two kinematic variables, in CM: total energy /s, scattering angle 0cm

Friedrich
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@ Pion Compton Scattering L
N2
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Ty — mYy

@ Two kinematic variables, in CM: total energy /s, scattering angle 0cm

dory, _ (S +mz2)  ami(s—m)
dQm ~ S(szy +m2z_)2  4s?(szy +m2z_)
E (s —m2)?

P:zi(aﬂ—ﬁw)+%23(aw+ﬁw)* 2% (a2 — B2)

24s
Zi — 1 :l: COos ecm

Low-energy QCD at COMPASS
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@ Pion Compton scattering: embedding the process L
N
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Primakoff processes

p n

Radiative pion photoproduction Photon-Photon fusion

J. M. Friedrich — Low-energy QCD at COMPASS
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PASS ChPT & Pion Polarisability Summary Outlook
@ Pion polarisability: world data before COMPASS L

¥ (A2 Radiative pion
Primakoff processes photoproduction Photon-Photon fusion
world avg.: 12.7+ 2.5
o F
;g 50; X2
S [ PACHRA Babusci Serpukhov  0.06
\=405Lehed$/ __PLUTO, DM1 PACHRA 0.65
o pYemvm ~Jouz, wasc MAMI 010
E L yy - 010 =
sl 081
F sigma =
[ Serpukhov Filkov (CL=0.67)
0Tz -1yZ MAMI YY—TCTC
£ } yp—ymn
[ Kaloshin
10— VY- TeT {'
GIS'0BE
Ll vt b v b b v b b by L T T PETEEE Brh L
Olog0 1085 1090 | 1995 2000 2005 2010 2015 0 5 10 15 20 25 30 35
Dooghe year of publication GIS (2006) ag-B,/10*fm®
arl

GIS'06: ChPT prediction, Gasser, lvanov, Sainio, NPB745 (2006), plots: T. Nagel, PhD
Filkov analysis objected by Pasquini, Drechsel, Scherer PRC81, 029802 (2010)

gy QCD at COMPASS
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@ Principle of the Primakoff technique L
N2
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@ high-energetic pion beam on
4mm nickel disk

@ observe scattered pions in
coincidence with produced
hard photons with energy
fraction x, = E./Ebeam

@ study the cross-section shape

J. M. Friedrich — Low-energy QCD at COMPASS 9/30
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@ Extraction of the pion polarisability L
N2
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@ |dentify exclusive reactions
TV {Ni—Ni’'} = T

at smallest momentum transfer < 0.001 GeV?/¢?

@ Assuming ar + B = 0, from the cross-section

o o(xy) _ Nmeas(X) _
A= o(0) = Nem(x)

is derived, depending on x, = E.(ab)/ Eeam-
Measuring R the polarisability a.» can be concluded.

J. M. Friedrich — Low-energy QCD at COMPASS 10/30
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@ Extraction of the pion polarisability L
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@ |dentify exclusive reactions
TV {Ni—Ni’'} = T

at smallest momentum transfer < 0.001 GeV?/¢?

@ Assuming ar + B = 0, from the cross-section

o o(xy) _ Nmeas(X) _
A= o(0) = Nem(x)

is derived, depending on x, = E.(ab)/ Eeam-
Measuring R the polarisability a.» can be concluded.

@ Depends on MC simulation of the acceptance, control systematics by

Y {Ni—Nir'}— Y
and
K —7r = Yy

J. M. Friedrich — Low-energy QCD at COMPASS 10/30
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@ Polarisability effect in Primakoff technique
N2

@ Charged pions traverse
the nuclear electric field

o typical field strength at d = 5Ry;:
E ~ 300kV/fm

@ Bremsstrahlung process:
@ particles scatter off
equivalent photons
@ tiny momentum transfer
@? ~ 10-5GeV?/c?

@ pion/muon (quasi-)real
Compton scattering

@ Polarisability contribution
o Compton cross-section
typically diminished

e corresponding charge separation
~ 107 %fm.e

energy QCD at COMPASS

mm
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COMPASS ChPT & Pion Polarisability Result Other Channels Summary Outlook
@ Polarisability effect in Primakoff technique L
N2

@ Charged pions traverse
the nuclear electric field

o typical field strength at d = 5Rn;:

details: see later

Photon ¢ Xchange

strong interaction

2

ET

qr[Ge\?/b%s
typically diminished

e corresponding charge separation
~ 107 %fm.e

gy QCD at COMPASS
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@ Principle of the measurement m
N2
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o . ECALA1 ECAL2
silicon stations SM1 SM2
CEDARs 2009 RPD \ / 0l /
I I I | o o e T VI | IO ) | — o
TR % = e
C/Ni/W targets DD

spatial resolution of tracks ~10um
angular resolution of photons ~30urad

J. M. Friedrich — Low-energy QCD at COMPASS 12/30
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COMPASS ChPT & Pion Polarisability Result Other Channels Summary Outlook
@ ECAL2: 3000 cells of different types L
N7

J. M. Friedrich — Low-energy QCD at COMPASS 13/30
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@ ECAL2: the quest for precision L
N2
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Figure 3.5: Profile of energy deviations shown  Figure 3.6: Technical drawing of a full
for 1/4 of a shashlik block and for muon data  shashlik cell to be compared with the

photons within the range 133GeV < E, < figure to the left.
152 GeV.

from: Th. Nagel, PhD thesis TUM 2012

Friedrich COMPASS
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latest publication on the pion polarisability L
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Measurement of the Charged-Pion Polarizability

C. Adolph,s R. Akhunzyanov,7 M. G. Alsxesv,27 G.D. Alsxssv,7 A. Amorosn,ﬂ‘y V. Andrisux,21 V. Anosm\',7
... [213 authors]
(COMPASS Collaboration)

(Received 2 June 2014; revised manuscript received 24 December 2014; published 10 February 2015)
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The COMPASS collaboration at CERN has investigated pion Compton scattering, 7~y — 7y, at center-

of-mass energy below 3.5 pion masses. The process is embedded in the reaction 77 Ni — #~yNi, which is
initiated by 190 GeV pions impinging on a nickel target. The exchange of quasireal photons is selected by
isolating the sharp Coulomb peak observed at smallest momentum transfers, @% < 0.0015 (GeV/c)>.
From a sample of 63 000 events, the pion electric polarizability is determined to be a, = (2.0 £ 0.6, £
0.7¢y¢) x 107* fm® under the assumption a, = —f,. which relates the electric and magnetic dipole
polarizabilities. It is the most precise measurement of this fundamental low-energy parameter of strong
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@ Identifying the m+ — 7~ reaction L
N2
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Phys. Rev. Lett. 114, 062002 (2015)

TN - TyNi
—+— data
— simulation
(normalised)

counts/ 250 MeV
N N
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o
o

=
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@ Energy balance AE = E; + E, — Egean
@ Exclusivity peak o ~ 2.6 GeV (1.4%)
@ ~ 63.000 exclusive events (x, > 0.4) (Serpukhov ~ 7000 for x, > 0.5)

J. M. Friedrich — Low-energy QCD at COMPASS 16/30
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@ Primakoff peak T
N
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Phys. Rev. Lett. 114, 062002 (2015)

§ r T Ni - TyNi
Q - —+ data
5 8000: — simulation
~ i (normalised)
< 6000
12}
5
8 40001
2000

)

T 015 02 025 03
Q| [GeVI/c]

@ AQr =~ 12 MeV/c (190 GeV/c beam — requires few-urad angular resolution)
@ first diffractive minimum on Ni nucleus at Q ~ 190 MeV/c
@ data a little more narrow than simulation — negative interference?

J. M. Friedrich — Low-energy QCD at COMPASS 17/30
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@ Primakoff peak: muon data m
N2
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Phys. Rev. Lett. 114, 062002 (2015)

L COMPASS 2009
3 W Ni > Py Ni
= 8000 —+ data
NS — simulation
N (normalised)
~ 6000
a
5
8 4000

2000

L I
GO

| el
015 02 025 03
Q| [GeV/c]

@ muon control measurement: pure electromagnetic interaction
@ e.m. nuclear effects well understood

energy QCD at COMPASS
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@ Photon energy spectra for muon and pion beam L
N2
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[ —+— u datax2
—— p simulation

counts / 0.025

2000[~—— 7 data
r —— m simulation

S
T of ettt
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0.4 0.5 0.6 0.7 0.8 0.9
xY

Phys. Rev. Lett. 114, 062002 (2015)

J. M. Friedrich — Low-energy QCD at COMPASS 19/30
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@ Pion polarisability: COMPASS result m
N2
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F pion beam

—_
—_
9]

T

ar = (2.0 + 0.6ga) x 107*fm®

(assuming ax = —fBx)

muon beam “false polarisability” from muon data:

(0.5 £ 0.5ga) x 10~ *fm®

Phys. Rev. Lett. 114, 062002 (2015)

05 06 07 08 09

N
N

J. M. Friedrich — Low-energy QCD at COMPASS 20/30
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estimated magnitude

source of systematic uncertainty CL — 68 % [10*4fm3]
= 0

determination of tracking-detector efficiencies 0.5
treatment of radiative corrections 0.3
subtraction of =° background 0.2
strong interaction background 0.2
pion-electron elastic scattering 0.2
contribution of muons in the beam 0.05
quadratic sum 0.7

Friedrich
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estimated magnitude

source of systematic uncertainty CL — 68 % [10*4fm3]
= 0

determination of tracking-detector efficiencies 0.5
treatment of radiative corrections 0.3
subtraction of =° background 0.2
strong interaction background 0.2
pion-electron elastic scattering 0.2
contribution of muons in the beam 0.05
quadratic sum 0.7

COMPASS result for the pion polarisability:

lar = (2.0 £ 0.6sm £ 0.755) x 1041’ |

with o, = — 3, assumed

J. M. Friedrich — Low-energy QCD at COMPASS 21/30
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COMPASS ChPT & Pion Polarisability Result Other Channels Summary Outlook
@ Pion polarisability: world data including COMPASS L
N2

world avg.: 7.5+ 1.6

- -
é S0 Xz
- r
S I PACHRA \ Bebusci —t Serpukhov  2.70
~_ 40 Lebedev __PLUTO, DM1 —— = PACHRA 091
@ [ yp-yren ~Iom2, Mark i — MAMI 1.43
L Wy - COMPASS 3.09
[ sigma 8.14
[ Serpukhov Fil'kov =
Lz CL=0.04)
D TZ-TyZ MAMI VY —T0T0 ( )
r yp-ymn
- Kaloshin * COMPASS
- yy - TeTe 7o yZ
GIS'06 i
P T S P A I I R I O I [ I !
1980 1985 1990 | 1995 2000 2005 2010 2015 0 5 10 15 20 25 30 £
Donoghue year of publication GIS (2006) an-B/ 10 fm*

Mark I1

@ The new COMPASS result is in significant tension with
the earlier measurements of the pion polarisability

@ The expectation from ChPT is confirmed within uncertainties

gy QCD at COMPASS
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@ Theory aspects of the 7~ polarisability measurement L
N2
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@ Radiative corrections (Compton scattering part)

S <A
1§ Qe

Nucl.Phys. A837 (2010), Eur.Phys.J. A39 (2009) 7

@ Higher order pion dynamics: Dispersion relations vs. ChPT (B. Pasquini, OK)

@ pion polarisability from lattice QCD: first studies indicate small value (large
uncertainty)

J. M. Friedrich — Low-energy QCD at COMPASS
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@ Primakoff reactions accessible at COMPASS Tum
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Access to my—initiated reactions via the Primakoff effect

T+

T +

= +7°/n
7r7+7r°+7ro
I S

I S R R S
T+ ...

analogously: Kaon-induced reactions K~ +~v — - - -

Low-energy QCD at COMPASS
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Chiral anomaly in 7=y — 7~ 7°

@)

COMPASS 2012 o
TN+ P N

7 (134.7 Mevic)

PDG: 134,98 MeVic®

(5418 MeVic?)
PDG: 547.9 MeVic?
I L L L L

0.5 06
mass of 2y finak-state (GeVIc?]

COMPASS 2012

T4 NI+ 1+ N

T 12 74
mass of e 16 fnal-tate [GeVic?]

gy QCD at COMPASS

Summary Outlook

mm
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contributions from chiral anomaly
Fs~ and the p(770) resonance
can be described by a dispersive
method — increased sensitivity to
the chiral anomaly

uncertainty estimate < 1%

04 05 06 07_ 08 098 1

VE/ GeV

‘ Hoferichter et al., PRD86 (2012) 116009
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@ Chiral dynamics in 7y — 37

mm
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relevant physics: pion scattering lengths, pion loop contributions

7 T T T T T T
6| total cross section: 1oy --> TUTETC total cross section: 1ty --> i’
5 A
/
¥
g4 T g
E pe
A g ] = res spproximalion 2
o with i lopsects ’a & jth i loopsscs S
e m 7
2 V% b L
r)') ]
fl . e
| | = | |
4 5 3 o 4 5 6
$% m) s m)
T 12F e T Ni - TTNi (COMPASS 2009)
3 r gOMPTA”S‘i’ZW S, Ampl( (PT)L )
S L0 frgmtPb . rerrepb 3~
E =
0.8 $ Fitted ChPT intensity 3 *
E - Leading Order CHPT Prediction =4 ?‘
06 z @P
04f 4 Q\’\
N £ fo®
0_07 L coa A . u o5 0 5 2 25
0.45 05 0.55 0.6 0.65 0.7 GeV/e
My, [Gev/cd my, (GeV/c?)

published in PRL 108 (2012) 192001

gy QCD at COMPASS

normalization: analysis ongoing
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@ Radiative Coupling of a,(1320) and 2(1670) L
N2

v 1298 COMPASS2004| 1
L e MPA 0 140 5 COMPASS 2004
[ 271pntD I 4L 271f,mS
3 TtPb — TETTTEPD 3 F 2 TtPb  TCTETtPD
% 10— Oprim{ Oay = 0.97 ' < 0,001 Gev?/c? = 121 Opriml Oar = 0.95 t' <0001 Gevc?
F [ Toa-mw) g [T,y
3 8- =203kev S 1 =153kev
2 2 o8-
£ o0 E
- C - 0.6
4 r
L 0.4
T 0.2F
OTH‘HH < SN, Lot T ales 0: \
0608 1T 1214 1618 2 2224 0608 1 12 14 1618 2 22 24
m,, (GeV/A) my, (GeV/c®)
Fo(a2(1320) — 77’}/) M2 ro(’/Tz(1670) — ’/T’\/) E2

& meson wave functions: T, o | (W] e @7 &. 5 |W) |2
@ normalization via beam kaon decays
@ large Coulomb correction

published in EPJ A50 (2014) 79

nergy QCD at COMPASS
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Summary

@)

@ Measurement of the pion polarisability at COMPASS
@ via the Primakoff reaction, COMPASS has determined

ox = (2.0 + 06ga £ 075ys1) X 10_4fm3‘

@ most direct access to the 7y — 7y process
@ most precise experimental determination
o control of systematics: puy — pvy, K~ > 77

@ Related topics at COMPASS: radiative widths and

chiral dynamics in 7~y — 7~ 7% and my — w7
reactions

0

e chiral anomaly coming soon
@ High-statistics run 2012

@ separate determination of a. and 3
e s—dependent quadrupole polarisabilities
o First studies for a kaon polarisability measurement

Summary Outlook

mm

Technische Universitat Miinchen

Ciaton: C. Patrigran s, (Partie Dots Groue). Chin Phys. €, 40, 100001 2016)

16uP) = 1707)

« ELECTRIC POLARIZABILITY ay
See HOLSTEIN 14 for a general review on hadron polarizabilty.

VALUE (104 i) _EVTS

20406407 63

ocumenT 1D
LADOLPH

TECN  coumENT

154 SPEC 7y — 7~ Compton scatt.

Walue is derived assuming oy = 0.

16UPCy = 1-(1++)

a1(1420)
OMITTED FROM SUMMARY TABLE
(1420) MASS

ocument 1o

VALUE (4ev) TECH  commEnT

et LAoOLPH 15 COMP 19077 p — = rte-p

LUsing the isobar model and partial-wave analysis with 88 waves.

some of the new COMPASS entries
in the RPP2016 edition
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@ Outlook: COMPASS++ and Beyond L
N2

More channels of interest for low-energy QCD
@ Primakoff reaction with =~ 7 final state
o 70 lifetime

Mid-term future perspectives with conventional beams
@ SIDIS on a transversely polarized deuteron target
@ elastic muon-proton scattering at low momentum

transfers
@ Antiproton-induced hadron spectroscopy [ -
@ polarized-target DVCS and DY processes —/'_I\—.ﬂ— ﬁ
Longer-term future ideas with RF-separated beams mZ(Lf/)(\thwﬁ)gi:ﬁ(m)/Zp

@ Kaon-induced hadron spectroscopy
@ Kaon-induced Drell-Yan processes

principle of RF separation

nergy QCD at COMPASS
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Thank you for your attention! L
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M. Friedric



	 COMPASS
	ChPT & Pion Polarisability
	Result
	Other Channels
	Summary
	Outlook

