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The COMPASS setup

First Spectrometer: LAS

Geometrical Acceptance: 0>30 mrad
Gap: 172 x 229 cm?

nQ Integral field: 1 Tm
gDE Analyzed momentum: p<60 GeV/c
CIF1

SciFi
GEM
MWPC

Second Spectrometer: SAS
Geometrical Acceptance: <30 mrad
Gap: 200x 100 cm?

Integral field: 4.4 Tm

Analyzed momentum: p>10 GeV/c
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COMPASS Physics program

CQOmmon Muon and Proton Apparatus for Structure and Spectroscopy

hadronic probes lepton probes

Glueballs AG

Polarisability EFExotic

cc—Baryon

Structure

c—prod functions

Mesons

Hadron beam 1L beam

The polarizability (electric o and magnetic 3) relates the average dipole
(electric p and magnetic 1L ) moment to an external electromagnetic field

p=caE
@ .-
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Pion polarizabilities .

The pion polarizabilities can be described in the framework of
the Chiral Perturbation Theory (yPT) based on the chiral
symmetry of QCD and Goldstone theorem using the effective

chiral lagrangian.

Chiral dynamics describes:

- properties

- production

- decay amplitude

- low energy interactions

of the Goldstone bosons (&, n, K,..) among themselves and with y’s

Locp (quark,gluon) — at low energy— Ly (1,K.n,..)
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Pion polarizabilities

The ¥ PT through the effective lagrangian L, where the coupling
constant are measured experimentally, provide prediction for the a, and

Pr: 4o (L9_|_L10)

a:
" m f?

/A

The numerical value are ['l: &7 = (2.4 + O.5)° 10°* fm’

B.=(-2.1£0.5)-10"* fm’

Other models (dispersion sum rulesl?, QCD sum rulel’], lattice

calculationsl?l,...)
2410 fm’ < o, < 8 10*fm?

0463 < R 10463
[1]U. Burgi, Phys.Lett. B 377 (1996) 147 -8.0-10* fm <Bn<'2-1 10-*fm

[2] L.V Fil’kov et al., Eur. Phys. J. A5 (1999) 285
[3] M.J. Lavelle et al., Phys. Lett. B 335 (1994) 211
[4] W. Wlicox., Phys. Rev D 57 (1998) 6731
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Experimental methods:

Radiative pion photoproduction

Radiative pion scattering
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Experimental values

Data Reaction o [10 fm?] Data Reaction  (a+B) [104 fm3]
Lebedev  yp—yn'n 2012 Serphukov  nZ—nZy 143 1108
PLUTO yy—rm 19.124.845.7 _

Data Reaction  (a-B) [10* fm3]
+ +
bMI Umcky 3@ Serphukov ~ nZ—nZy 13.6+2.8
.
DMz Yyomm |, MAMI-A2  yp—ymn  11.6£1.543.040.5
MARKII  yy—n'n 2.t 6
The experimental values are effected
Serphukov nZ—nZy 6.8+1.4+1.2

by too large statistical and/or
systematic errors
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For the reactionn +7Z >’ +Z +vy
one measures the Primakoff cross section:

d’o aZttda(a)Q)

The Primakoftf reaction

Fat)

dtdod cos ¢ 7w

® photon energy in the antilab system

t2

d cos I

=(p'y—Pp,)°
m o
t0 — ( = )2 I:A(t)'\“1
beam
0 real photon scattering an%le
0. (®,8) B 27105? -
dcos ¢  m?> g
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Electric & Magnetic polarizabilities

“ N

om o’ |_|(1+cos S)HCOSS

"
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The goals

120k

*P\.... =190 GeV/c to increase the ratio y -
of the coulombian/nuclear cross section 5
and less multiple scattering effect ik
GOALS: o
= measure independently (oo _+.), o, [, %5
= enough statistics: — %g
- to get the statistical errors negligible S §
versus the systematic one | 5
- evaluate systematic errors due to 2,5
different cuts =00r i,
- more complete angular distribution 83
= At~5-10* (GeV/c)? £&
250 | < <
s =
==
alal
. r . Serphukov T
5 -4 -3 -2 -1

L 110%(GeV c)?
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To extract o._and B, .

Assuming (o, + BR)ZO INDEPENDENTLY
 Fit the ratio in the lab system  Fit the 2-dim cross-section in the
(w=E/E,) alab system
q nonPt — the MC-simulations are
( O-ﬂﬁoj needed to correct for
(jVV 2 3
R_ 1y 3 LW m B acceptance
do, _ w 2 1-w «
Br=0
dw |
*L'-'!'

05¢

Serphukov

0' A L 1. i S — U S W R |
06 065 07 075 08 085 09 w
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Trigger .
Target Hndﬂxnpe@j-. Iy

Weto Systern
Beam > |i,l |_| - I | L

i ’ —7
I& E-,III I /SML\ /SM?. Bean Killer

Target
Bean YVeto

Bean Counter

ECALZ

Experimental conditions during the 2004 Pilot hadron run (7 days)
e Beam: 190 GeV/c; ~106 /s, 4.8 s/ 16 s spill structure
190 GeV/c; ~108 /s

 Targets: 1.6 - 3mm Pb (~25% - 50% X)), 7 mm Cu, 23 mm C
* 3 possible triggers:

- Veto x Hodoscope hit x ECal2 (Ey>50 GeV)

- Veto x ECal2 (Ey>100 GeV)

- Beam x Beam-Veto x Beam Killer
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Typical reconstructed event:

T +Pb=S7 +PO+y
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Preliminary analysis of the 2004 COMPASS
data
less than 1/10 of collected events



Select n + Pb s,y =7 + Pbg it v
Cuts:

Position of the reconstructed
interaction vertex

Energy of the final state(ny)

sool TARGET |
“F o

e scintillator 30]

200 m-

'W;— silicon station silicon station 101_

g Lo

200 150
Z e [om]
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Primakoff signature

Ty Invariant mass

Primakoff events

uil

1111 | .l I 11 11 | 1113 I 111 1 I 1 1 1 1 11 11 | 111 1
0 0.0010.002 0.003 0.004 0.005 0.006 0.007 0.008 0.002 0,01
t [GeVic]

e Background contribution will be also estimated using empty target
runs

» Systematic effect will be estimated using a sample of data collected
with muon beams in the same experimental conditions. Very
peculiar features of the COMPASS experiment
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| Serphukov

Polarizabilities measurement summary .

77 7 1 eDifferent targets (Pb, Cu, C) -

Be . Z?dependence in the cross section

r-'“1 * Point like contribution via the reaction:
c oot —->u+L+y

—n_\\ﬁ’“-'-:. » Expected error on polarizabilities

X S 0.4 104 fin’ (3Gye0r,)

Also can be measured for
the first time

L) 1 ST B X T T
i JBevier’
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Kaon polarizability .

The K cross section scales down as m™* — 3 times smaller compared
to the 7 one.
The polarizability goes as

Assuming :
3105 Kaon/s @ 190 GeV/c  we expect 10° Events/day

For this measurement the CEDARS counters are needed
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Measurement of the chiral anomaly .

F_(0) 1s the coupling constant for the 1% diagram
o.¢ 18 the fine structure constant
f'1s the charged pion decay constant
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F,_measurement .
T T t=(p, - p2)2

t P
h S s os=(r R
S T s—m )
P, — 2 _[S—M,
g q: qmin _( 2E j
TS
7z ~ 7 n +Z —>n + 1’ + Z useful to access y—>3n
\_
do _ Zzaf q2 _qinn 1 dgm—wm
dsdtdg> 7« q*  Js—-m? dt
do =
R —(S—4mfz)sin2 9
dt 12874

F, =(12.9+£0.9+0.5) GeV3[5] F; =(9.72 £ 0.09) GeV- [6]
Expected ~ 5 - 10° events/day VS 200 Serphukov events in total

[5] Antipov et al., Phys Rev D36 21 (1987) [6] L1. Ametler, et al., Phys. Rev D 64, 094009, 2001
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Conclusions .

« The COMPASS pilot 2004 hadron run was successfully
completed; collecting an integrating beam flux of more than

10! 7t for the polarizabilities measurement

* The preliminary analysis shows clearly the signature of the

Primakoff reaction and that a statistic of at least 4 times larger than in
the previous experiment 1s expected (30-40k vs 7k events).

» The analysis of 3w events 1s in progress

27/02/2006 Marialaura Colantoni 20



