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Introduction

Composite particle in external EM field
H = Hy(A) +2ra E* + 273 B> + - --
o, 3 electric and magnetic dipole polarizabilities
in NR case: a >> (3
H atom: ap ~ 3.843 Vi = 0.6A4°
Nucleons

ay ~11 x 1074 fm®> By ~3x107*fm Vy ~ 2.5 fm”’



Pion polarizabilities

® very challenging to measure/extract from
measurements

® important tests of chiral dynamics

=|
-+

_*

1
f&
-a.«
o\
7

Serpu \,(,\AO\/('&OS) v LeSedo ('50F)
Compass V MAMT

M
-

Experiments
%-«
Ff\ i(

IZ e+
)

%if ()
Y Dlabiz MALET, CELLO

Z X®all, Oewe,



Current status

Data Reaction Parameter 10~ fm3
Serpukhov (o, + B, = 0) [12] nZ—nZy |a, 6.8+1.4+1.2
Serpukhov [13] oy + By 1.4+3.1+£2.8
B, —7.14£28+1.28 L
Lebedev [7] yN—yNn | a, 20+ 12 Model Parameter 10~ fm?
Mami A2 [14] Yo —=yntn | o, — By 11.6£1.5+30+15  xPT o — Br 5.7+1.0
PLUTO [8] e 19.1+4.8+5.7 O+ P 016
— a. | HlxTasx).
weenn ™ QCM o, — B, 7.05
DM1 [9] vw—ntn" | a, 17.2+4.6 o, + B, 0.23
DM2 [10] vy — o, 26.3+7.4 QCD sum rules o — Br 11.2+1.0
Mark 11 111 . oy Dispersion sum rules oy — Br 13.60 £ 2.15
ark 1111 L R s o, + By 0.166 +0.024
O — B 13.0°7¢
Blobal fit: MARK II, VENUS, ALEPH, TPC/2y, . :
CELLO, BELLE (L. Fil’kov, V. Kashevarov) [15] W ol
oy + By 0.18750,
Global fit: MARK 11, Crystal ball I _
(A. Kaloshin, V. Serebryakov [16] v T Ot = Pr 5.240.95
COMPASS preliminary Qpt — Bt =3.84+2.1
fit DSRs [2] ChPT
(a1 — Bi)po | —1.6+2.2 [3] —349+213 | —1.9+02[1]1]
—0.6 4+ 1.8 [9]




Compton amplitude @ low energy

==3) —
€, €
h\\«j\ | [@L
Lab frame amplitude i —
T e
62
1I'= ——Qi €1 - 6" +An(Qrwiwz €1 - G° + B €1 X kl €3 X /f2) + O(w )

Dispersion relation: Baldin-Lapidus sum rule
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gives fundamental constraint



Polarizabilities in ChPT

originate at order p4 in chiral expansion

RN TN o SR Y:

N

-

predicted at this order: &, + 3, = 0
_ Q
Q0 — ﬁwo = _487T2F7%M7T ~ —1.0 [Bijnens & Cornet]
— 87
~ _ — Ve — V=) ~ 5.6 [Terentev; Donoghue & Holstein]
Ot = Pt 247r2F7%M7T( 6 = 5)

LECs from < 7° >+ and T — €+V’y
lg —l5 =3.0+£0.3







Problem with vy — w

need for higher order in ChPT

TT 17T I LI i LI ] T T 1T TrrrT I TIroTT TTTT [ TroTT ] TT I.I_Al LU I TTrT 1J
- 0.0 1 150F
20 Yy—nm [Oller, Roca & Schat] |
I 1 1 T CnsmBan
16 - = +  Belle
- PY /,-:."" - — GMM, I subtraction
y T - 1 100 | CHPT, 1 subtraction
i) y, o - < 1T <2 — GMM, 2 subtractions
= 12~ / _—a B0 it 7 i ChPT, 2 subtractions
- s e . L
b | /’/ . - ‘-\‘ e} o
gl COL—gpe” '~
I V., K XPT to two loops Sor
AL { g8 . “——xPT to one loop = _._I
L =~ i 25F
i _ - -
U |- I | i L1 11 | ) I I | Ll 11 I L1 1 1 | | - | L 1 1 | | | | I L1 11 0 If‘—;i I i LI ‘w:g’ | | |
250 300 350 400 450 500 550 600 650 700 750 800 0.2 0.4 0.6 U;B/_ 1 1.2 1.4
t [ GeV
12
s (MeV) 30 B . |

[XBall Markll *90]

+  Crystal Ball

+ Belle
— GMM, | subtraction

leading order poor even near threshold | - &niw.

ChPT, 2 subtractions

[Hoferichter et al]

need polarizabilities @ 2 loops - |
[Bellucci, Gasser & Sainio; Gasser; lvanov & Sainio] 5l

VE / GeV



Q.0 Tt Bﬁo —

dy) cr=0c =-1/3 di~14 d ~-11

[Bellucci, Gasser & Sainio]

Q0 + Bwo = 1.15 £ 0.30
QL0 — Bﬂo = —1.90 = 0.20

0

B0 >0 7 is paramagnetic

3LECs @ O(p°®) resonance saturation estimates [Bellucci et al]

IR IR O(E™YH O(E)
r ® e ) A(1t) ER IR S(0tt) 2 1 loop . 2 loops chiral logs Total Uncertainty
a —33.2 —6.1 —-0.1 0.0 -39 +0.8 F4.1 (a4 )Y 0.00 1.00 0.17 [0.21} ~ 115 +0.30
) 12.5 2.3 ~0 -13 13 +13 +1.0 (a—p)N —1.01 —-0.58 —0.31 [-0.18] ~ —1.90 +0.20
I 2.1 04 ~0 0.7 3 0.0 405 &,0 —0.50 0.21 —0.07 [0.01) ~ —035 40.10
B 0.50 0.79 0.24 [0.20} ~ 1.50 +0.20

large NLO corrections required by data at low energy
and predicted by resonance saturation



ChPT at O(p°) matched to unitarity gives
good description up to /s ~ 1 GeV

[Portoles & Pennington; Donoghue & Holstein; Fil’kov & Kashevarov; Pennington; Oller, Roca & Schat;
Hofferichter, Phillips & Schat; many others]

Different methods: DRs, N/D, Roy equations, explicit resonances,...

it | DSRs[2 ChDT
(01— B)wo | —16+£223] | —349+2.13 | —1.9+02 [11]
—0.64 158 [9] -
[F&K]

Priority: improvement over the old XBall measurements at low energy



polarizabilities AD 2013
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[from PAC40 proposal]
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[Hoferichter et al]
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Fig. 9. The yy — w7 @™ cross section o(s; [cosf| < Z = 0.6) as a function of the center-of-mass energy —
E, together with the data from the Mark II collaboration [21]. We have added in quadrature the tabulated < 300~
statistical and systematical errors. In addition, there is an overall normalization uncertainty of 7% in the data =
[21]. The solid line is the full two-loop result, the dashed line corresponds to the one-loop approximation 8 i
[18] and the dotted line is the Born contribution. The dashed-double dotted line is the result of a dispersive =
calculation performed by Donoghue and Holstein (Fig. 7 in Ref. {11]). 8 200~
7]
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Large contribution of Born term makes experimental access to polarizability effects more difficult
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O_éﬂ-—l— | T+ @ 2-|OOPS [Burgi '96; Gasser, lvanov & Sainio '06]
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Insights into the ChPT calculation [Burgi]
e O(p°®) ChPT

*3LECs @ O(p%)

I IR ZR IR

P a b

—328 0 0 —33+1.65
1.23 —0.35 —0.13 0.75 £ 0.65
bhe 0.20 0.18 0.06 0451+0.15

O+ + BW+ =0.3£0.1 (O)
Oyt — PBor =4.44+1.0 (5.6+0.8)

NLO corrections of natural size

B.+ <0 wTis diamagnetic
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ChPT [34]
fit [5] DSRs [2] to one-loop | to two-loops
(ay — B1)p= | 13.0775 13.60 4 2.15 6.0 5.7 [5.5]
(0¥ 7)o [0S [O166£0020] 0 | 016 [1g
[F&K]
a—p Born Gen. Born  Vector mesons  Sum

I=0 I=2 I=0 [I=2 1=0 1=2

7t 5.65 —-0.69 630 —-0.54 —-0.065 O 5.70

[Pasquini, Drechsel & Scherrer]

Barbara Pasquini’s talk




ChPT assessment for 7 polarizabilities

Rather constrained predictions based on natural size
estimate of NLO LECs

Significant deviations would be very surprising, but tested
must be

Given the spread in experimental determinations, including
very large deviations from the ChPT predictions, the |Lab
experiment is of extreme importance



Summary

* Pion polarizabilities are rigorous ChPT predictions in chiral limit

e Significant corrections at NLO in ChPT for the neutral pion

* NLO corrections for charged pion are of natural size (modulo assumptions
on NLO LECs)

* Experimental extractions of polarizabilities still open problem, in particular
for charged pion due to conflicting results

e Hall D @ JLab 12: unique opportunity to measure YY — Tt

for \/g < 000 MeV o extract Ot — 57Ti with unprecedented
accuracy

e Similar experiment for neutral pion seems to be necessary and a natural
future step with Primakoff production

* Impact in particle physics: Michael Ramsey-Musolf’s talk



