)

§8---.2 FLORIDA STATE

&\ ||| /& UNIVERSITY
185)_A4

Study of the w meson structure

HUGS 2022 — Student Seminars
16t June

Saheli Rakshit



FLORIDA STATE UNIVERSITY

Motivation: Why study the w meson?

Study of the decay mechanisms of a resonance can provide useful information about its

internal dynamics. We study the w decay. - ~
: : — W
* ® mesons are produced copiously in Yp p _
- : w-rtr
photoproduction experiments (Yp—pw)
m° =Yy
« The decay channel to the three-pion final — DALITZPLOT| \_ )
state w — 77 7° has branching ratio of ANALYSIS
89%. » Description of pseudoscalar transition form factors
which would help to describe the intrinsic
structure of hadrons.
. 70 ., o, . s
o .- L oo - - * Hadronic contribution to anomalous magnetic
_.P\‘ .- p moment of muon.
T Y s

* Understanding the re-scattering effects between

final state pions.
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The Dalitz Plot Analysis
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mi, = M* + m3 — 2ME; X=13 0
mz3 = M? + mi — 2ME, y= (2 tmo\To
m, Q

Data from CLAS-g12

* For w meson JP¢=1—. Each pion pair must be in state of odd relative angular
momentum.

* P-wave should describe the phase space.
 Deviation from P-wave phase space ==) interaction between decay products.
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e 40 ° P. Adl l., Phys. Lett. B 770, 418-425 (2017
Existing Results from other experiments " Adlarson etal. Phys. Lett. B 770, 416-625 (2017
M. Ablikim et al., Phys. Rev. D 98 11, 112007 (2018) gy WASA-at-COSY L 65@.__. E
200f ¢ Collaboration Collaboration \ s B
2600 F | K z I ]
2400/ { ) £
*% 22005 \ - 1
o] WASA-at-COSY: Low statistics .
1en0 events. w produced in pd>3Hew T T ]
- and pp—~> ppw. Least square fitting 2 r b
r— 5_ oo . . B ]
S L _ _ utilized to find fit parameters. Y L l HT Wl LH % %
® IR -:'-"';,' ;“7.‘-'7-'.:..,.: i N" it 5, 07 TJ 1 [ 1 LI
& i —«—Fitll ¢ B Tﬁ J T TTT B I f J .
-5 ‘ |+1F|zf1 . . . NE ]
0 1 2 3 4 5 6 L 4
4 . . N - ]
¢ BESI 1l: ngher Sta“SthS, w n 1‘ . & l . ol L ]
— ; produced in J/Y decays. Utilized __ o
S ST — unbinned maximum likelihood fit to Puancirs [ Gx P PxIP  1X10 7do],
. K perform the Dalitz plot analysis. A s
—_— \_ J NN 2aB | 132(48)  55(63) - 68 /38
NN 20y | 21(148) - 232(252)  68/38
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What makes GlueX a good candidate to
study the Dalitz decay w —» ntm~m®

» \We produce o in photoproduction reactions
Yp—pw: more statistics.

« Initial indications from Dalitz Plot analysis* of
CLAS-g12 data have given different values of
the Dalitz plot parameters. It will be interesting
to perform the full analysis using GlueX data.

» \We wish to perform the Dalitz Plot analysis
using event-based likelihood fitting in the
AmpTools fitting framework.
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http://inspirehep.net/search?p=find+collaboration+gluex
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[ Invariant Mass of w ] *mass in MeV/c?
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O,

yp = wp
w—ete "
n° - yy
N /

Theoretical Motivation

« Electromagnetic transition form factors (TFFs)

 Contributions to the hadronic light by-light
(HLDbL) scattering cross sections

* Anomalous magnetic moment of muon (g — 2),

« Precision calculation of decay rates of mesons in
rare dilepton modes ete™ and utu~
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Experimental challenges
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Smaller signal compared to
background contributions. Non-
resonant contributions e.g., 7"
and %7

Low branching ratio (~2000)
smaller than w = n°m* ™

PID: w = %7~ can mimic
et e~ final state which cannot
be differentiated by e/m
calorimeter
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For a pointlike meson A

A5 TR Deviagié)gfrom TFFs parameterized in 1
-~ pure C _ m
pole approximation F(m _< — _)
A~y (FromQED) dependence from Vector Meson (mu) A®
o described by e/m Dominance (VMD) A=2- TFF slope at m;, = 0
v U TFF assumption

TFFs are determined by measuring the decay rate of A — 1Tl B as a function of dilepton invariant mass my;
3
: [ 12

= 2
dl'(w - %l 17) 20 4m#\?2 2m? m3 4m2m3 2
— 1 — > 1+ 5 | X 1+ - > - |Fwn°(mll)|

0) 2 2
dm;l'(w - n°y) 3mmy mi mi o — Mo mg — Moo

= [QEDa)no] |Fwn0(mll)|2

21m2 Angle b/w decaying lepton in rest
[ TEE for w — y*n"} f(cos8*) =1+ cos*6* + —zlsinze* frame of virtual photon & direction
my of dilepton system in CM frame
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Results from other experiments

P. Adlarson et al., Phys. Rev. C 95, 035208 (2017)
https://arxiv.org/abs/1609.04503v2
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= 10°F p1 1.988 + 0.2057 10°F 10°FT v This Work: Data
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. . 2
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+ 0.0264¢4¢
+ 0.037 st
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[ Invariant Mass of w ]
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“Tapestries are made by many artisans
working together. The contributions of
separate workers cannot be discerned in the
completed work, and the loose and false
threads have been covered over. So it is In
our picture of particle physics.”

— Sheldon L. Glashow

Thank you for your attention!
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