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T has now been well established experimentally that neutral
m-mesons (#°) decay into two photons.! Theoretically, this
two-photon type of decay implies zero #° spin;? in addition, the
decay has been interpreted as proceeding through the mechanism
of the creation and subsequent radiative recombination of a |
virtual proton anti-proton pair.! Whatever the actual mechanism
of the (two-photon) decay, its mere existence implies an effective
interaction between the #° wave field, ¢, and the electromagnetic
wave field, E, H, representable in the form:

Interaction Energy Density =n(k/uc)(hc)"?oE-H. (1)

%% . . Here ¢ has been assumed pseudoscalar, the factors %/uc and
/ % s (he)~% are introduced for dimensional reasons (u=rest mass of =),

BT o T At T Oy P

N A Y YA e i 4 N 5 65

| Coulomb field of nucleus can be used as photon targ
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Equwalent Photon met ho' |

af Wezzsaecker- Wzllzams approxzmatwn)

Electromagnetzc fzeld of fast chargedi

FE partzcle is similar to a Jield of
i electromagnetzc wave -
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- General remarks
:‘ / . . \“ ‘ \‘/,- ¢ s
- K-shel;l_”. ]\:  © ! Primakoff
] Diffractive
] Nuc. incoherent

Nuclear size:
40 MeV/c (Nv)
— 33 MeV/c (Pb)

K-shell size:
0.1 MeV/c (Ni)
0.3 MeV/c (Pb)

o = ci(Trrim+e?Tpig)’ +oinc
= OPrim T O Diff + o1t t OlIne
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Polamzabzlztzes of partzcles ‘

Y 2 Wl
The electric and magnetic
polarizabilities of a
particle are the quantities
characterizing the rigidity

of OCD system

PDG data: ’ |
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Compton amplitude:
A X = vX) =

(——00+ + axwiws)eéy - €3 - j




. =~ [ Model Parameter
xPT (1 loop)

Nambu—J ona-Lasinio model

Quark confinement model Or — Br
o + P
QCD sum rules Qr — Pr
Dispersion sum rules anx — Br
O + Br

“The most oﬁheoretical models are in
agreement that a.-f3, » a,+f3. = 0.2%X10 fm’. As

N

for value a.-f3., predictions are quite different
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V. Kashevarov)
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Pwn polarzza bzlztzes e
and Przmakojf cross seetzon '
. do ._ o 2 ()2 Q2 . rzmn dam _ B 0 | L
| | dsdt sz - 7T(S B m"%) | FLH(Q ) . Q4 | | . len _(S— T}nW)/2Ebcan.l.f:

dowy _ 0*(s°Z} + miz2)  amd (s — m2)’ P i

dQem  s(szp +m2z_)2  4s2(szy + m2z_)

| f_;zi — 1+ cosf.,
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. aand /)',, can be extracted 04
| separately from the -
measurement of the

dszerentzal CTOS% sectzon 1708 06 04 02 0 02 04 06 08 1 ©
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Pion polarizabilities at COMPASS

e 4
E)J/Ebeam >0.4

~60k

Primakoff  €vents |
pilot run  0.5X9 N1 Primakoff

2004 ~ 3 weeks run 2012

~ 1 WEeK primakoff ~3 months T
~10k run 2009 ~200k

events events

0.5Xy Pb 0.3X9 N1

. 2 Precise silicon detectors to measure small scattering angles
2 Electromagnetzc calorzmeter wzth good energy and spaczal
 resolution for photon detection ' | : g
 +@Calorimeter-based trigger on hard photon(s) in the fznal state

o 2 Posszbzlzt_y to use hadron and muon beams wzth the same
. ".‘_,,momentum 190 GeV/c L
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_ Pion polarizabilities at COMPAS

N =2 2500 : COMPASS 2009, ™
s 2L ; " Ni — 7y Ni
e = T g data
2 L 02000 - simulation
A 4 § - (scaled to data) ¢
= -
g 1500 — s
n ]
; - 2
- : 1000 [— :
, E "{,IHO'“' f
500 [ T ;
B 5
2 A : - ”"M.o N
3 0 1 [T BT E| oo v b by o b b s 3 < 0 _I T T T |;| T | :..I“'J'W...»..:,-_

TSRS ; . 0 : o
e 0 002 0.04 006 0.08 01 0.12 0.14 0.16 01 02 03 04 05 06 07 08 09 1 ; Sl

{_’ \ Q [éé\//c] | / 5

2400
2200
2000
1800

COMPASS 2009
T Ni—=ny N1
data

simulation s
(scaled to data) e

3000

. COMPASS 2000
5 7 Ni—m y Ni %
: data

simulation

2500

counts / 0.005

i 1600 4
2000 (scaled to data) i

1500

counts / 0.866 MeV/c\

YT AR S TR

I

1000

sckerbirin ek codiatle oot Nl Koo il

}
.O'M"M". i ”""'"M.Wm,".,.

ih,
¥ .ﬁfﬂuﬁw’o“..ﬁ"m..

500

'
IIIII:IIIIIII 1 ~t IIIIIJI

0.02 0.04 006 008 0.1 012 0.14 016
Q| [GeV/c]

[w)
[e)




 Pion polarizabilities at COMPASS'
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| Mazn contmbutzo‘if ‘j‘;-to systematzcs comzng from
o reproductzon of trackzng ejfzczency n M ¢
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" Pion polarizabilities at COMPASS =
1; >200k of mp events with E,/Epecan>0.4

S |
2012 Primakoff data collected 1n
2012 provide possibility:

-® to reduce uncertainty of a. measurement
to ~0.3x10* fm’ (yPT: 5.7)

. to measure a,tf3;. with accuracy
~0.03%x10* fm’ (xPT: 0.16)

-® to access quadrupole polarizabilities of

pion ay and f3.>
-®-to study dynamics of pion polarizabilities
Ar=a(s,t,...)
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Kaon polarzzabzlztzes

Theoretical p predzctwns.
PT prediction O(p?):
ak + Pk =0
My B2
Quark confinement model:
ax + Bk = 1.0 x 1074 fm?
ax = 2.3 x 1074 fm?

c 1.2

0, =2.8x107*fm’

0.8} 0,=0.6x10"fm’
06

&4j

Q
AR = Qg X %?W ~ 0.6 x 107 fm?
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' P olarization effects =~

Experimental results:
ax=(-4+11)x10"* fm?

- from kaonic atoms spectra

. At COMPASS |
o e 6% of kaons in hadron beam g
OCEDA Rs for beam kaons zdentzfzcatwn -
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PRIMEX at jLab (plans)

Exzstzng detector

GlueX at Hall-D

|

Lol and D Lawrence, talk at
Chiral dynamics 2003 o3 .

>3 Polarzzed photons of 8.5 GeV
+®-107 tagged photons per second)
+®5% Xy Pb target

+®-500 hours of running
+®~36 000 Primakoff events

(before detector acceptance)

(vs. 400 events in MARK II)

Mazn physzcal backgrounds

A pzon pair produ&tzon in strong znteractzon |
(. coherent e productzon e
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Przmakojf scattemng ojf electrons

Phys Rev. C66 , 034613 (2002) SELEX collaboration. |

‘w 06 v g .
€ b (c) the first observation of
% o4 |— data T e —71 e~ process L
= 03 |
£ . L N 913 events observed (8 expected) ||
& 8 .
TE L Ny There was an idea to measure pion

-02 -0.15 -0.1 -0.05 polarizability using this process , but...

q* [GeV] ‘

Nuclear target Lo El_eé.tron targetl

Advantages Large cross sectzon | +No strong interaction |

. |Weak points| Dv“fmct;g;,f’ dejﬁggs’ear ‘md  "Small cross section

: I'Guskov Alexe_y, Joznt Instztute for Nuclear Research Dubna _' o



- & e

-

'QCD chiral ano

.
-

I . i e o - I

A«: o - . /71'0—)7;7; . v —)371' ‘- -A--.- 7r}

TN - v ———- T

,  Low-energy theorem:
e eNc ' o ._34'_
= i i Py = = (9.78 £0.05)GeV " ..
E. 0 T 1272F8 ( :
. e  f.cos0, f. [2 . £
~ F,,..-(0,0,0) = - — = — 4| z8inb,).
T T gn2 3 fe 3 [V B




Q_CD chzral anomaly

Experzment Year Rea’ctio‘\n Cross section, nb | F’r, GeV~

| FrRAMM b

| (cerN) 1935 T e—m en” . B V .
| sicmAa ' - o/Z22=1.63
”‘97 2 (4,2) 0| £0.23,ut0.16 | 107E2
- E94-015 Sy s T T
(JLab) b Propqsal i ! .

Low-energy g 7049 95

' . theorem _

0=2.11£0.47

VES e
‘ - =135t

| (Protvino) | o: 135_34‘
e Low-energy
'f theorem

Problem of extrapolatzon to. zero: F(s, Q_2 ) —>F(0)
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We have more than 10k n=Z—n Zr? events in 2012 ru
data (600 events in Protvino experiment)

'S

Tt a T

- s
Study of Sszh K Z—K Zn’ is also possible
processes like: k-7 K7y T

K Z7Z—>KZr
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T 7’ cross sectzons near -

threshold
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COMPASS already published

the result for the cross section

of m™p—m ' reaction near
threshold. Reaction

a p—nu w’n’is under analysis

o, [ub]
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- COMPASS 2004
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. from mwPb — nw'Pb

- @ Fitted ChPT Intensity .
- === Leading Order ChPT Prediction + 5
— B
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Radzatwn wzdths of mesons

mmem_/nt/ [ffmdm To(X — 77) - C

287430

241450
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Radzatzon wzdths of mesonsv
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Summary L

P Przmakoff reactions provule unzque posszbzlzty to stucly
processes induced by photons. *

-® Study of Primakoff reactzons ts one of the main goals of the
COMPASS experiment.

- Main directions of Primakoff studzes at C OMPASS are:

pion and kaon polarzzabzlztzes, |
v chiral anomaly study;

‘meson radiative width;

'Oy dynamacs for ChiPT tests

- é Ongozng results at C OMPASS

the most precise measurement of ax (prelzm result) ,

measurement of ©” 7;——>n n'n cross section near the threshold
(publzshed result); | _ -

the most precise measurement of a; radzatwe width (prelim.
result); L | :
w'the fzrst measurement of 42 radzatwe width (prelzm result)

s & More results ar@ expected

..,,
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