Measurements of charged pion and neutral pion polarizabilities at
JLab GlueX

Rory Miskimen
University of Massachusetts, Amherst
and the GlueX Collaboration

4 / & i. Pion polarizability

Y W ,\ ii. How to measure pion polarizability
7T iii. Update on the pion polarizability

measurement at Jefferson Lab

GlueX

UIllVerSItY of Chiral Dynamics 2024 Aug. 26, 2024

MassaChusettS .geff;?son Lab Rory Miskimen Bochum, Germany

Ambherst



I. Pion polarizability
Measurements provide a test for fundamental symmetries, specifically chiral symmetry
and its realization in QCD

Charged pion polarizability (CPP) Neutral pion polarizability (NPP)
4ag, ) ) F, . _
OpY) ChPT: == fr = =55 (L= Lig) ~ LO ChPT: @+ =0
to—fo=——IM 11
where Fa and Fy are the weak FFsin 7% — e*vy 7 4872m_F?2 '

=—f8 =278+0.1 x10"% fm?
%=~ P X107 e fm NLO ChPT: @z + 0 = 1.15£0.30

O(p8) ChPT:  a,—p,=57%1.0
to— o= —1.90 % 0.20

a, +p,=0.16%0.1

O(p®) corrections to the charged Neutral pion polarizability has
pion polarizability are small never been reliably determined
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"Thought experiment”: place a pion in a capacitor at very high electric field

E=0 E>0 E o 0.1GeV 0% volts
e . || 1 fm m

Displaced pion cloud gives

Pion surrounded by
E.M. polarizability

pion cloud

i d A vVAiiit iiiniii
Electric polarizability = a = 10~* x Volume 3: - aE) | Small numbers because

Magnetic polarizability = f ~ 107 x Volume ﬁ= Bﬁ hadrons are “stiff

Polarizabilities encode information about the excited states of hadrons, and provide a test
of effective field theories for low energy QCD
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IT. How to measure pion polarizability

100MeV 4
= 10—
lfm m

ny

Strong electric field is needed to polarize a hadron: E =

The best technique is Compton scattering on the pion
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Since a pion target doesn't exist, alternative methods must be
utilized to determine pion polarizability

Charged pion polarizability:
i. Radiative pion photo-production: yp — y'n*n (Mainz A2)
ii. Pion radiative scattering: 77A — yz~ A (Compass)

iii. 777~ production in two photon collisions: yy — z77n~ (Mark II)

Neutral pion polarizability:

iii. 707" production in two photon collisions: yy — 77! (Crystal Ball)
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iii. Two photon collisions yy — 7z

Theory

~ 200 MeV T
Donoghue and Holstein, Phys. Rev.

D 48, 137 (1993)

Gasser, Ivanov and Sainio, Nucl.
Phys. B 745, 84 (2006)

Pasquini, Drechsel, and Scherer,
Phys. Rev. C 77, 065211 (2008)

Dai and Pennington, Phys. Rev. D
T 90, 036004 (2014), and Phys. Rev.
D 94, 116021 (2016)

vy = 7~ at Mark-II and
Yy — 7’70 at Crystal Ball

~ 200 MeV

dispersion theory

Oyy—nn > Oy — ﬁ T
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Charged and neutral pion polarizabilties measured in two photon collisions

o(yy = n7x~) at Mark-II ~ 200 MeV P

350 |

325;’ ' B MARK—I (SLAC)

300 F A CELLO (DESY)

® BELLE (KEKB)

o(yy = n'7°) at Crystal Ball

275F

250 E 40

Crystal Ball, Phys.Rev.D 41 (1990) 3324, Icos6*| < 0.8 |
35— . BELLE, Phys.Rev.D 97 (2009) 052009, Icos6*l <0.8 [
& o BELLE, Phys.Rev.D 97 (2009) 052009, Icos6*l < 0.6 :

225F

200; Yy
175?

150 F

Cross section (nb)

125F

G, (|cos(8, )] <0.6) (nb)

100
75

~ 200 MeV

50

25F

04 06 08 1 dx 14 16 s dispersion theory
A

Oyy—rnrn > Oy — IB T
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Charged and neutral pion polarizabilties measured in two photon collisions

o(yy = n7x~) at Mark-II ~ 200 MeV

T sparse statistics |
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Published measurements of charged pion polarizability
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W= ©x  YPonty nAs m yA  Theory Predictions
COMPASS: 7~ Ni — n7y Ni @ 160 GeV
a,— p,=4.0=x 1.2(star) = 1.4(sys) X 104 m?
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ITI. Update on the pion polarizability measurement at Jefferson Lab GlueX

Goals for the JLab experiment

6 GeV ¥ T
i. Develop a new technique that's complementary to
measurements at COMPASS and ete™ colliders
ii. Provide higher statistics for o(yy — zx) than y O

existing collider data

iii. Provide a measurement of CPP with low
statistical and systematic errors, and the first

reliable measurement of NPP 208 Ph ﬁ T

d*cp,, 2aZ? Eyzﬂz sin’0 2 - =
rim 2 Ve ™~
delLdﬂﬂ' - 7[2 jumt Q4 ‘FEM(Q ) ‘ <1 + PyCOS2¢ﬂ€> O-)/]/—Hm: /

~— -
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CPP and NPP experiment at JLab GlueX

forward calorimeter
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CPP and NPP experiment at JLab GlueX

Solenoid High Field Region
A New detector for p/n

identification

Primakoff process:

very low-t photoproduction YA—m

——— ,
7 Ll
|l

|

A
5 cm lead
10 cm steel
15 cm steel

35 cm steel

6 x MWPCs, 60" x 60"

|
o
o
o
o
A

CTOF (4 scintillator paddles)
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Muon detector

Assembled muon chambers

Chambers installed Tri oL :
at UMass rigger scintillators installed

with iron absorbers behind muon chambers

~ . N
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Status of the JLab GlueX CPP and NPP measurements

» Took data in summer 2022 with 6 GeV linearly polarized photons on 2"SPb
target, taking the full allotment of beam-days awarded by the JLab PAC. Ran

with a modified beam-line to obtain higher beam polarizations, ~ 80 %

* All known calorimeter and charged particle tracking calibrations have been
completed

* The data are currently being “"cooked”, where the raw data are converted into

a form that can be more quickly analyzed. Data cooking will conclude in a
couple of months.

* We expect to have preliminary physics distributions later this year.

* Here I'll show some preliminary results to indicate the quality of the data
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"Online” look at invariant mass of 4"/ pairs where

h* = e™, u™ or n~ (i.e. no particle ID requirement)
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ML model classifier for n*/e”

Particle identification: neural net analysis i Not et.  FromA. Schick .
10° = e
MLP = "multilayer perceptron” neural net : \
“E MLP, < 0.4

MLP response is the "score” the neural net gives

to an event as 1o it being signal or background 0
based on the recorded detector responses :
10 =
EllllllllllllllllIllllllIlllllIllllllllllllllllll
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Very preliminary look at exclusive 7° photoproduction
y Pb = ¥ = yy
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Very preliminary look at exclusive 7¥ photoproduction
y Pb = ¥ = yy
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Very preliminary look at exclusive 7 photoproduction

y Pb—n—yy
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Upcoming analysis for CPP/NPP

glab

(27) distribution is

For each bin in 77 invariant mass M the

qualitatively similar to the 0/9° distribution for PrimEx I, with
some important differences:

> Nuclear coherent photo-production in the low M__ region is
dominated by coherent f,(500) photo-production

> For CPP in the low M__region there is significant background
from p°, completely absent for NPP

> Because 2m_ S M, < Sm_, the Primakoff peak is broadened

It Y

and shifted to higher angles relative to the PrimEx I result

(ub/rad)

Use incident photon linear polarization to help disentangle the

do/de per 0.02°,

Yy — 7« cross section from background reactions
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Ampitude analysis: use analysis tools developed for the GlueX 7p — p'p

measurement to analyze y Pb — 7z Pb (see Phys. Rev. C 108, 055204
(2023))

y | y
I 7 polarization |

(nz) Pb CM frame vector nw CM frame
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i. 7 Pb — pY Pb (from A. Austregesilo)

: 09; Peak Polarization bec—P>Pp2°(()jjO) (Pb i H:— Run FolarizaTions be(isz“(()72720)(Pb) Vel“y impOl“TGI‘\T TO have
085~ 30 % 4545 Asyim e~ 80 % -4545 h. h h I.
0.7F ..a!‘. |'__ i
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o B, o | the absolute value of
0.2/ ) ] . :gigf 3 02— ° °
o] s . the polarization
035 "5 55 6 65 7 75 % 100400100600 - 100800 101000101200 101400 101600

Beam Energy (GeV) Run Number
Polarization vs run number

ii. Enhancement of radiation from diamond relative to amorphous radiator (from J. Stevens)

EnhancementData
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iii. y Pb —> eTe™ Pb (from A. Schick)

Need y Pb — e*e~ Pb asymmetry plot
(Andrew)
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Summary

* Pion polarizability has special importance because it tests fundamental symmetries,
specifically chiral symmetry and its realization in QCD

* The JLab GlueX CPP and NPP experiments utilize a new technique for measuring pion
polarizability: Primakoff production of 7tz ~and 2’z pairs on a nuclear target

* Data taking for the CPP and NPP experiments has been completed. The data are of
high quality, and we don't see any "show stoppers” so far. We look forward to

presenting results for yy — 7mm cross sections and pion polarizabilities in the near
future

Thanks for your attention, and thanks to the Organizers for
the opportunity to speak at this meeting !
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i. Radiative pion photoproduction

~ 300 MeV

O.

yp — Y'ntn at Mainz A2 yp—yrtn

7T+
Proton target
hadronic models
o N N O_Compton
yp—=>yrtn ynt—ynt
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ii. Pion radiative scattering

Ni target
n~A — yn~ A at Compass On-A—ynA
Incident 190 GeV 7~ beam T
Primakoff analysif Compton
O-JZ_A—>]/JZ'_A T YynT—oyn

University of

Chiral Dynamics 2024

Maﬁsachusetts J)effg?son Lab Bochum, Germany Aug. 26, 2024
Ambherst ‘




University of
Massachusetts

Muon detector built for the CPP measurement

8 MWPCs built at UMASS, 6 used
in CPP

Each MWPC has 144 channels
(sense wires)
90% Ar + 10% CO, gas mixture

4 scintillators were placed
downstream of the final chamber
for triggering on muon tracks

6 Alternating
x-y chambers

"
5 cm lead /'“ ‘ ‘ ‘ Wll hp
Absorber \Scintillators for
cross checks
|«
"

‘ <

35cm steel
15cm steel
absorber

absorber

absorber
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Vertex resolution for charged tracks in GlueX

Solenoid High Field Region

L New detector for p/mn
' ' _ . identification
FDC | |
. _
[ \
ﬂ:j—ﬂ—lﬂ'——---“ n HH ‘ H W
Y ——o e O Bl
Target T = — H H ‘ H W
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Vertex resolution for charged tracks in GlueX

Reconstructed Event Vertex Z Reconstructed Event Vertex Z
4000 — .
- Run 100423 soof—  Run 100421 (MT)
3500}~ - Helium
3000 208Pp target 4000|— bag end FDCs
2500 / C Vacuum Window
s 3000}— W Helium
2000 f— C bag start
‘5005— 2000 |— /
10005— 5
. 1000}— Helium bag
500 f— || 5
_q;o'lL.-;o I . R q:""' T E -
Event Vertex-Z (cm) 100 o . e e Ev1er53 Vertex-Z (crﬁ?o
1. 208 : .
Run with “°Pb target in Run with 2%8Pb target out
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Very preliminary look at " photoproduction
0

y Pb - ntnrx

Integral 6.021e+05
22/ ndf 806.6 / 282
> — n events 9017 = 306.6
() — n mass 0.5487 = 0.0002
> - g i o.n 0.003472 = 0.000506
N 700,0 ?. .................................................... . ................................................... . ......................................... fractionz n 08013 + 00549
oy — : : : : : o.n 0.009403 = 0.000600
n — : : © events 1.297e+05 = 1.072e+03
.q—) 6000 —_\,, .. .................................... © mass 07839:0.0001
.E. — : : : q : o, 0.01334 = 0.00035
[ : : fraction, @ 0.3466 = 0.0358
wJ 5000 o Fresssesss s R N S : : 5, © 0.02974 < 0.00174
— : : i bg:const 368.2=0.3
— bg:power 177 0.3
4000 bg:linear 608.8 = 0.1
bg:quad -3419=05
3000 bg:cubic 85.38 = 0.23
bg2:Events 3.242e+04 = 9.131e+02
bg2:Centroid 0.5419 = 0.0009
2000 bg2:c 0.04694 = 0.00069

§ i : : : .

1000 Y O LS B 8 - i i t°l ks iK$Erd

1 I 1 1
0 1
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0

T~ " invariant mass
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