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The ' wr*w final states

Study of the n*m*mm photonuclear production in ultra-peripheral
Pb+Pb collisions at 5.02 TeV

The n*n*nn has not yet been studied at such energies

There are several inserting channels for the production of the n*n*nn
final states, for example:

— Photon+pomeron—p/— ntn i
* in paper arXiv:0912/0604v2[nucl-ex] the p/ production cross section estimated ~13% of
that of the p%(770) meson

— Photontpomeron—pp— pK,Kq — n'nntn
. o(p%)~1,6 mb

— Photon+pomeron—plo— (0 — n*nn’) — ntn i
* o(p’m)~1,6 mb

— Photon+photon — p%p°— wtr
« o(p°p?)~8,8 mb
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dpt/dN

Pt (4), data vs MC reco
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Fraction of Tracks

<Pixel Hits>

Pixel: data vs M(C reco

without cut
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Fraction of Tracks

<TRT Hits=

TRT: data vs M(C reco
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dY/dN

Rapidity (4)
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dpt/dN
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Distribution of T from 4
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dwi/dN

Mass (4): data vs MC
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dM/dN

Eff., Gen/Reco

Mass (4): data vs MC
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t distribution

dN/dt distribution
“%‘ A= 1259 + 17 do
< 10° b=(287.4 + 3.9) GeV? —=A exp(—bt)
g H=||I'E= 6.69 fm dt
: do
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Systematic uncertainties

Luminosity

Trigger efficiency In progress
Extra-material

MC model (STARLight) 777 (STAR — 11%)
Event selection (pt cut, dO cut) pt-...,d0—1,2%
Fitting uncertainty In progress
Background:

* background subtraction, 0,4% (need to check)
» 4prong from 5 tracks 2,5% (next slides)

« other source

41 extrapolation In progress

Tracking

MC detector description 7??
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5 track events to model contamination of 4
track event
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4 prong from 5 tracks 4 prong from 4 tracks

hm hm
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Other background processes

» According to the results from the article «Observation of pi+pi-pi+pi ... STAR
Detector» (0912.0604v2) one can see that the cross-section of the rhoPrime is
56 mb or 13% of that of the rho(770).

« So for LHC approximately 5200mb*0.13 = 670mb

« Next processes we could be consider as the background:
a) YA—p2%— pK K — n*nr*n, o(pdp)~1,6 mb

b) YA —plo— (0 — n*rn’) - 't o(pm)~1,6 mb

) YA — p%p'— i, o(pp)~8,8 mb

« Contribution < 1%
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Analysis goal

« The invariant mass distribution for the coherent produced n*mn*n

v mass and width
« The invariant mass distribution of two-pion subsystems
« Transverse momentum distribution of the n*nn*n
v"coherent and incoherent
« Momentum transfer squared t and rapidity y distributions
v’ slope
« Correlation with ZDC (0nOn, OnXn, XnXn)
Cross sections and comparisons with STAR
s—Deea%angqualLdﬁ%Hbuuenséeeslheta—ﬂ
* Ratios:
(oo -t EtE);

o (p/— ntw wtn)l(pP— i)
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Back up
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Pacnpedererie N0 UHBAPUAHMHOT MACCE TITTIC

demenonornueckas mapamerpusanus (Ross and Stodolsky):

m. )" m2I2
f(m) = frho[ 0) 2 20 20 22 + fbg (m)
m (m0 —m ) +mT;
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ntMass GeWc

STAR 1540440 570+60 2,4+0,7
ATLAS 1460+10 477+14 4,3+0,2
PDG 1465425 400+60

Acceptance - Efficiency
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Stmulation

« MC generator “Starlight” based on the KN-model:
— photon-photon photon-pomeron interactions in UPCs

(Klein S. and Nystrand J., Phys.Rev. C60, 014903 (1999) and Klein S.
and Nystrand J., Phys.Rev.Lett. 84, 2330 (2000).

 Starlight v.3.13 — fixed bug

* In order to determine the acceptance corrections for the four-prong
case, one assume a simple decay model, where an excited p® meson
decays into p®(770) and f,(600), each in turn decaying into ©*x:

p— I.-::' (770) fo(600) T T | Powave [ﬁ"—ﬁ_]g_wm—ﬂ
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http://pdg.lbl.gov/2019/listings/rpp2019-list-rho-1450.pdf

Data vs Reco(ATLHI-315) vs Gen(standalone)
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MC distributions and data were normalized in the range
from 0.9 to 2.1
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Mass (4)
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dM/dN

d/dN

Mass (4): data vs MC
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dM/dN

Mass (4zc): for dO cuts
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Observation of m*w~nwtm~ Photoproduction in Ultra-Peripheral Heavy Ion Collisions
at /5,5 = 200 GeV at the STAR Detector

80
70
60
50

Counts / (30 MeVic?)

40
30
20
10
0

. |
0.4 0.6 0.8 1 1.2 1.4 1.6
m*1 Invariant Mass [GeV/c?]

hd_mass2irk_2trk_13_HM_pt_dD

T gg? 2 Enties 11844
SOKCI1ad 1mapa 18 Meanx 0.8787
pa 1 ATLAS ey %
=6 ARMSx 02593
' - = |RMsy 0

1.4 R

-
III|III|III|III|III|III|III|III|III|III

0.8
0.6
0.4
0.2
Jlerkas Imapa T B 1T SN B T S B ¥ S |1_|87 2
Hi mass

May 2020



Y avmpanepugepunecKue 83auMo0eiicmeust

Pb
* Db << R - ueHTpasbHbIE CTOJIKHOBCHUS . b“ ]

— IIJIOTHOCTH AACP IICPCKPBIBAKOTCA

<

P 4
— CHIJIBHBIC B33HMOI[CI>1CTBHH . Pb

* b>1fm - nepudepuyeckue

Phys Lett. B707 (2012) 330-348
S R — —

CTOJIKHOBCHUA 2 o ATLAS -
o TET N Pb+Pb \Lsmfz.gg TZ‘:' -
-ﬁ ‘Ht‘-m""“—-—.* int = m 7
* b>2R, — ynsrpanepudepudeckue o T T -
CTOJIKHOBEHUS e HHE IR R -
— JIBa siipa reoMeTpUYECKHA MPOXOASAT MUMO '°°
APYT Apyra 10* -
* DJIEKTPOMATrHUTHBIE B3aUMOJAECHUCTBUS 0 ! 2 3 4
JTOMUHUPYIOT HaJl CUIBHBIMU FCRIZE; [TeV]
. R %)) w) »
* HET aJpPOHHBIX B3aMMOJICHCTBUIM et
e MaJlasg MHOXKECTBEHHOCTh peripheral Mid-central Central

o collisions  collisions  collisions
* HoHBI ABASIOTCS HCTOYHUKOM MOJICHU

— (ortoHOB IToMepoH - IepeHOCUUK CHUIIBHBIX B3aNMOJEHCTBUI, HO OECLIBETHBIM

— IIOMEpPOHOB M MMEET KBAaHTOBBIN urcia Beikyyma JP = 0+
May 2020 33



Compare 4 and 5 prong events

« Blue — 4 tracks, signal
« Hatched — 4 tracks, background
 Red -4 tracks from 5, one tracks was missed.
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ZD(C selection
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Obpasosanue seKmopHviX Me30H06 8 UPC

Au+Au, RHIC | Pb+Pb, LHC Pb+Pb, LHC

s(mb) o(mb) (ls)

p? 590 5200 OO 0,073

59 490 (0Y0) 0,076
d 39 460 P'w 1,6
Jhy 0.29 32 P b 1,6
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Tt photoproduction

« The PDG currently lists two excited p° states
— p%1450) [3S;]-radially excited 2S state
— p%1700) [1D,]- orbitally excited 3D state

which are seen in various production modes and decay channels including
two- and four-pion final states.

« The nature of these states is still an open question, because their decay
patterns do not match quark model predictions.

« Little data exist on high-energy photoproduction of excited p°states in
the four-pion decay channel.

— Most of them are from photon-proton or photon-d(or C) fixed target
experiments at photon energies in the range from 3.0 to 70 GeV.

— Latest data is the photoproduction of n*mn*n in UPC Au+Au at 200 GeV
at the STAR

May 2020
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Tt photoproduction

« These experiments observe a broad structure in the four-pion invariant
mass distribution at masses ranging from 1430+ 50 MeV/c? to 1570 +
60 MeV/c? and with widths between 340 + 60 MeV/c? and 850 + 200
MeV/c? that the PDG assigns to the p°(1700)-(1450).

Mass (MeV)

1430+50 1972
1450+100 1974
1550+50 1974
1550+60 1974
1570+60 1975
1500 1979
1780 1980
1666+39 1980
1654425 1981
1520+30 1981
1570+20 1982
1465+25; 1700+20 2001
1540+40 2007

9.3 yp—pén
9-18 yp—p4n
5.5-19 yp—pdn
ete—2(ntm)
7.5 yd—d4n
50 yC—pdn
11 ep—epln
ete—2(nt)
n*d—ppdn
20-70 yp—p4n
ete—2(nt)
(anti)pd—pndn
AuAu—Au"Au’4n

Bingham, Phys.Lett. 41B 635
Schacht, Nucl.Phys. B81 205
Schacht, Nucl.Phys. B81 205
Conversi, Phys. Lett. 52B 493
Alexander, Phys. Lett. 57B 487
Atiya, Phys. Rev. Lett. 43 1691
Killian, Phys. Rev. D21 3005
Bacci, Phys. Lett. 95B 139
DiBianca, Phys.Rev. D23 595
Aston, Nucl. Phys. B189 15
Cordier, Phys. Lett. 109B 129
Crystal BARREL Collaboration
Abelev (STAR coll.), Phys.Rev.C81 044901
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STAR results

Observation of 7T~ tm~ Photoproduction in Ultra-Peripheral Heavy Ion Collisions
at /5~ = 200 GeV at the STAR Detector

arXiv:0912.0604v2 [nucl-ex] 25 Feb 2010

.Jﬂf — p[j{?TO) f(](BUD} — [ﬁ+ﬂ_—]P—wm-'L* [?L’+ﬁ_]5_wm-'e

confidence level. The coherent p’ production cross sec-
tion is 13.4 & 0.85pat. &+ 4.4yt % of that of the pO(TT{])
meson.
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Tt photoproduction
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