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Hadronic Light-by-Light and a,
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Hadronic Light-by-Light and a,
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Spin Interference in UPCs

* In yA events, one
nucleus acts as the
emitter and the
other as the target.

« Double slit-like
iInferference leads
to a cos(2A¢)
angular anisotropy.

(Brandenburg et al.,

Phys. Rev. Research 7,
013131 (2025))

s

Serrel Corsy STAR, Sci.Adv.9,eabg3903 (2023)




Previous (2cos(2A¢)) measurement

* Photon spin
encodes into final
state orbital angular AU)

momentum:
cos(2A¢)
modulation.

 Present in A+A, but
not p+A--photon
emission scales with
ZZ

Au
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Previous (2cos(2A¢)) measurement
B STAR: Signal - pairs

* Photon spin
encodes into final
state orbital angular
momentum:;
cos(2A¢)
modulation.

 Present in A+A, but
not p+A--photon
emission scales with
ZZ
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Spin Interference between yA and yy

* Interference
between yA and
yy also present.

 This intferference is
expected to
produce d
cos(A¢) and
cos(3A¢)
anisotropy.
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Ag efficiency and acceptance correction

- Want to measure Appg = (2cos(nld¢)) as a function of pr, My
* Ag has unique pr, M -dependent acceptance effects.

Example:
High pr p°
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Ag efficiency and acceptance correction

« Consider y, a, w s measured, frue,
and distortion Apag respectively.

T

J_ a(Ap)w(Ad) cos(nAd) dAg
JZa(bp)w(8d) dAg

Yn =

« Expand a(A¢), w(Ap) as Fourier series, and assume only one term nonzero.

« Computing integral and inverting for a,, leaves:

0. — —2(Yn — wg)
Ty Xw, — 2
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(2cos(2A¢)) vs. M.

* w, calculated with toy model using
STAR acceptance.
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(2cos(1,3A¢)) measurement
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* Interference between y4 - p® -t = and non-resonant yy - nt =~ near p°
Mass.
- Large feature near 1270 MeV /c?: f,(1270) resonance
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UPC 2-pion invariant mass distribution

EST-A-R- Phys: Rev. £ 76, 054704 [2017) 1 To apply this to this analysis’ mass range, we
8 b g § need to add two more resonances
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INncluding spin iInformation

« Without spin information,
nature of higher
resonances is ambiguous.

« Examples:
* £,(1270) vs. p(1450)
* p(1700) vs. p3(1690)

* Including A¢ information
allows us to differentiate
these.

dN/dM_. - (arb. norm.)

i Va Pair p”" integrated
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E \'Syn=200 GeV
10 STAR Preliminary
- aan
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Describing (2cos(nAg)) vs. M.

o Consider the UPC A4 —» AAntm~ cross section as:

< |p® + w + f,(1270) + p(1700) + B,|*

 Each cross tferm contributes 10 Appg = (2cos(nlA¢)) according fo the spin of the
Interfering states.

 Assume that each cross term contributes a constant value, and the observed
Anpg Is the average of these constants weighted by the conftribution of that
term to the total cross section.

Au Au

v, +1

-

Au Au
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Simultaneous Fit Procedure

* In this formulation, fit the invariant mass spectrum, Ajag, Azag, AN Azpg.

do

_|_

)2j+1/2

My (MZ_.—4m?3
Where FX — FOX 2 ( dau i
" Mpr

M§—4m,zt Ond FX—>7TTL' — BT(X - 7T7T)FX

Relativisitic Breit-Wigner distributions.
Drell-So6ding process modeled as a constant.

Previous results use a function like this, but struggle to differentiate the
heavier resonances. Samuel Corey Q



Simultaneous Fit Procedure

* In this formulation, fit the invariant mass spectrum, Ajag, Azag, AN Azpg.

. _ PXfz P X[ ByA-nrn*Xf2 By a-nn*Xf2
A1'3A¢ - (total XA1r3A¢) + ( total XA1,3A¢ )

2

2 Byao Bya— By as Byas,
'AZAqb:( P XAgAd))_I'( YA nnXPXA YA nnXP)_I_( YA T o A YA mt)_l_

total total 2A¢ total 20
1700)X 1700) X By a_ Xp(1700) By a_ Xp(1700)

(P( )Xp XApg ) ,D) + ( YA-TTT x A YA-TTT )
total 2A¢ total 2A¢
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Simultaneous Fit: dN/dM,.,
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Simultaneous Fit: Ajaq
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Simultaneous Fit: Azpq
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Simultaneous Fit
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Simultaneous Fit
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Fit Results

B, =-28.685 = 0.136
Af = 80.848 = 0.060
M, = 0.760 = 1.59¢-04
T, =0.141 = 2.54e-04
AR =2.611+0.673
Al =14.489 = 0.621
M,, = 0.782 (fixed)

I, = 0.017 (fixed)

Af =1.383£0.175
Aj =3.233+0.181
M, =1.273 = 5.66¢-03
Iy =0.188 + 0.012
Al =1.446 + 0.445
Al =3353+ 0437
M, = 1.737 = 0.017
T, =0.248=0.034

pxf
A, *=1451=+0.098

AP 21575+ 0132
AY = 0212 = 2.44e-03

AP = 0.260 = 0.030

AT 20249 £ 0.010

AV =0.510 = 0226
A" =0.339 = 0.266

xf
A; ?=0.450 = 0.084
AP 2 0.487 +0.107

3 =




Tabulated Results

This fit (STAR Preliminary)

PDG mass, width:

M, = 760.4 +0.16 + 11 MCBZV My, (1270 = 1272.4 £ 5.6 + 44 MCBZV Mp, 1270y = 1275.5 + 0.8 Mcezv

[, =142.0 4025+ 14 MeV | Tpazro) = 188.5+ 116 % 115 MeV [, (1270) = 185.9 + 2.5 MeV
M, = 782 Msz (fixed) My700) = 1737.3 £ 17.3 £ 71 M:ZV My(700) = 1720 £ 20 —
[, = 17 MeV (fixed) L1700y = 248.0 £ 34 + 13 MeV [)1700) = 250 + 100 MeV

w fixed to results from STAR, Phys. Rev. C 96, 054904 (2017)
Results reported as: value + statistical uncertainty + systematic uncertainty

« Spin interference parameters constrain on the mass and width of £,(1270) and p(1700).
« Close agreement with PDG values for £,(1270).

« p(1700) width from this fit has smaller uncertainty than PDG (2022).

R.L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022) Samuel Corey @



Non-resonant yy » n7m™

« Non-resonant
yy = '~ not
INncluded in fit.

 Largest
contribution fo
Ajpg AN Azpg
around p° mass.

» Excess in data
compared to fit in
this region as a
result.
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Conclusions

* Ajpp ONd A3pgy Were measured for the first time in STAR Au+Au UPCs af
200 GeV.

 Spin interference between yA -> '~ and yy » n*n~.

* Ajpp ONd A3, 4 constrain yy —» mm~ cross section, phase (Hagiwara et al., Phys.
Rev. D 103, 074013 (2021)).

* Ajpp ONd A3y feature at ~1270 MeV /c? indicates yy — f,(1270) » nm~.

* Aypg OGS A function of M, was also measured in the same system for the
first fime.

dN

* The A,ap ONd —— were fit simultaneously with a new technique that

(] (] ° dN (] (] (]
distinguishes resonances on T according to their spin.

. Extracted values of the mass and width of f>(1270) and p(1700).
« Values of £,(1270) consistent with known results confirms yy - " n~ in UPC.
* Next step: extractdo,,,_,+,-/dM @
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