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ﬂ Motivation



Spin density matrix of vector meson

3 x 3 spin density matrix
@ pmm: probability to bein |s; 5, = m) state
@ The polarization vector is related to some
elements of spin density matrix

P =[P1, Py, P3| = [V2Re(p_1.0+p01), V2IM(p_1.04po1), (pr1—p—1,-1)]

@ Angular of decay particle (kaon) at K*0 helicity
frame

e extract some elements, e.g. poo

@ Vector meson are polarized or not by comparing of
£00 and 1/3

@ poo # 1/3: spin alignment

@ The angle distribution for the decay particle in the
rest frame;

W(0*,¢") =| 4= [3(1 = poo) + 3(3poo — 1) cos 6*

—Repy _1 sin? ¢* cos 2¢* — \%Re(plo — po,—1) sin 26* cos ¢*

@ The spin state of a vector state is described by poi-1 Poro P-in
P10 Poo Po1

* *
P-1,1 Po1 P11

+|mp1 _1sin? 0* sin 2¢* + 7|m(P10 po,—1).8in 26* sin ¢*]
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poo OF vector meson

: Bag [ ey
[ 07 OPAL |
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et PLB 412210 (1997)]
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%

0

. L. ) . 0.5) Production plane  (¢)- Production plane () 0.5
@ Heavy ion collision: contribution from Y ST LRI
QGP(Quark-Gluon Plasma) & fragmentation oo T ERE R 000
o STAR:for ¢ unexpectedly large than 1/3 (with respect ! ] L\
to reaction plane) oof oo @ mm o 0905
@ eTe collision:contribution from fragmentation, 20 o* 4 L
energy 803 HEH [ 4584 |1°3°~B
02 ALICE ®PO-PD(10-50%)  fop
@ X, < 0.3, consistent with 1/3;x, > 0.3, larger than 1/3 o T L e e oo

@ pp collision:contribution from PDF fucntion & TESa T

fragmentation. PRL 125,012301 (2020)

@ ALICE: poo for ¢ and K* are consistant with 1/3.
@ BESIIl: ete~ collision: fragmentation, v* dominant

o BAM-00884, unbinned pgo @ v/s=3.5 GeV.
@ How about momentum dependence of pgo?
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How to determine pg, at BESII

@ Hadronic selection to select hadrons
@ Extract K*° signals from hadrons
o fit to the spectrum of My« .=

E 06F i E
[ § oottt 3
“ ) g 0.4F é
ol 0..6 ‘_< co-s_be‘ﬂ < 0.8 é 03f MC efﬂC|enCy é i i i
= = = 02F [ wn El 14000F- seindi=asr10205 3
z %Eim'v”lu1”—l;él—,ﬁ1;ﬂqulmlr‘rl,")‘rx“')'l 01 E 12000F o, =022005 3
T T1 | | . E| 10000F- B
M, (Gevic?) =1 -05 0 0.5 1 %80007 » e . E
0.8 < Py=o < 0.9 GeV cosr T
© MC for the correction efficiency. E
ney _ ai 0.8 <Pye0<0.9 GeVi
@ Get pgg component from fitting the efficiency I
cose*

corrected signal events.

W(0*)=3[(1 = poo) + (3poo — 1) cos® 67]
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@ Data sets and event selection



Data sets

@ Boss version: 703
@ Data sets:

Vs (GeV) | Runnumber | £ (pb~1)
3.4900 | 47467 — 47493 12.11
3.5080 51657 — 51893 | 181.79

chic1 scan 3.5097 51584 — 51656 39.29

3.5104 | 51894 — 52090 | 183.64

3.5146 | 52298 — 52332 40.92

@ Hadronic MC samples:

LUARLW, 10M events each point.(nominal)
HYBRID, 10M events each point.

@ QED MC:

ete™ —ete™/ utu~/~y: Babayaga3.5
ete™ — eTe™ 4+ X(Xleptons and hadrons): DIAG36,EKHARA,GALUGA2.0
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Hadronic event selection

@ Same as R-value analysis published in PRL 128, 062004 (2022)

Track Level

®  Veto Bhabha and Di-gamma events
* Nshower = 2
*  E; 2 E; 2 0.65Epeam
*  |A6] =16, + 6, —180°| < 10°
® Isolated photon
*  Energy deposition should be larger than 0.1 GeV
*  Angle from the nearest charged track should be
larger than 20°
. 0 < Tgmc < 700 ns
®  Good charged hadronic tracks
« | <05cm,|V| <5.0cm,|cos 8] < 0.93
* Prack < 0.94Ppeam » Where Pheam = Ebeam
* Xprob. = (dE/d¥measure — dE/dXproton) / Fproton >

10

*  Remove charged tracks when E/p > 0.8 and p >
0.65ppeam

*  Veto y-conversions when M(e* ™) < 0.1 GeV and
B < 15°

Event Level
At least 2 good charged hadronic tracks

®  Number of good charged hadronic tracks = 2:
* |A8] =16, + 6, —180°] > 10° or |Ag| =
[y — p2| —180° > 15°
¢ Atleast 2 isolated photons

L] Number of good charged hadronic tracks = 3:
The two highest momentum tracks are required not
back-to-back: |AB] = |6, + 6, — 180°| < 10° or
[8¢| = |lpy — p] — 180°] < 15°
*  (number of track with E/p > 0.8) <1
*  (number of track with PID ratio > 0.25) < 1, where

the PID ratio is defined as rpjp =
Prob.(e)
Prob.(p)+Prob.(K)+Prob.(m)+Prob.(e)

® Number of good charged hadronic tracks > 4:
No additional requirements
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Reconstruction of K*(892) via K*(892) — K

@ PID (dE/dx + ToF)

@ Prob.(K)>Prob.(r),Prob.(K)>Prob.(p) and Prob(K)>0.001
@ Prob.(m)>Prob.(K),Prob.(r)>Prob.(p) and Prob(r)>0.001

@ combinate all KE#F
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e Spin alignment of K*(892)



QED Background MC

10° =
10 ? —data BhaBha
E —DiGamma — DiMuon
= — eeee eeetap
10° — eeeta eekk
1) E — eemumu eepipi
c E
9 ek
10°
)

10

1

o
1075 08 085 09 085 1 105 11 115 12

M(K*Tt) GeV/c

@ QED background: Bhabha, di-gamma, di-muon, and two-photon events.
@ Al QED process can be well described by polynomial function.
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Binning determination

@ The resolution of cos #* and Pg-o:
@ Obtained by LUARLW MC, and fited with double Gaussian function

@ The candidate events are divided into 10 intervals of cos #*
@ Acosf* = 0.2 > 50cos o+

@ The momentum intervals is set at 0.1 GeV, ranging from 0.4 to 1.6 GeV.
4] APK*O =0.1> 50PK*0

7000
£ — sum
gausso
gauss1

1 daa

— sum
gauss0
gauss1

i daa

so00f-
so00f-

ool

Events

ao0of-

zo00-
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= 0.007 Ocos g+ = 0.009

op

K*0
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The difference between data and MC

|- Luarlw —Hybrid 1400 - Luarlw —Hybrid 4500
2500
tdata } data sooof-
100

TRV TR TR IV UV IOOoT ,
o6 BB TE O e T OR Oe e o 0809 123

P(K'TT) GeVic

[ Luartw —rybrid]
t data

2000f—

1000f—

L L
12 T8 08 a9

L
777505 08

T
8 (K)

R
P(m) GeVic

The MC fits with the data well.
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Extract K*°(892) signals

@ Unbinned maximum likelihood fit method is used to extract signals from

M(K*=¥) in each (p vs. cos 6*) bin.

@ Signal: Breit-Wigner ® Gaussian
@ Background: 3"-order Chebyshev polynomial
@ The parameter of the breit-Wigner function is fixed to the K*(892)'s PDG

Events

values.

—m
..... signal
background

©os0710.00,0.20) P(K (892))10.8.09)Gev/

§

07

é;ﬂ;4u.m).m;;;1.;#.;““;.?H).fq,,{.{.;?.é.{;.;;}.;ﬂ

0.75

08

085

My (GeVic?)

095

T

105 L1

coso*

4396 5287 5662 5390 5068 4109
4811 5115 5655 5379 5124 4698
4938 5686 6490 6283 5574 4469
4683 6052 6716 6555 5372 4883

4722 5645 6685 6179 5673 4920 4309

4346 5417 5716 5893 5872 4950
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The fit result and MC efficiency

0.8 < Pk« < 0.9GeV/c
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@ The signal yields of data is shown in left figure.
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poo result while P, € (0.8,0.9) GeV/c

W(#)=3[(1 = poo) + (3po0 — 1) cos® 7]
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poo result in each momentum bin
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poo result in each momentum bin
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poo result in each momentum bin
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poo result at /s = 3.5 GeV/c?

0./——1 7T T T

K

f o

|{|**iih’*

8204 05 08 1 12 14
P(¢K ) GeV/c

0.6

0.5

0.4

0.3

0.2

0.1

00
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\

g
=8

N

ete= — k* (892)+X March 12, 2025 17744



K*® come from resonance decay

@ At BESIIl, K*0 may come from fragmentation or by resonance decay.
e The helicity distribution of the resonance decay to K*® may influence the

decay angle of K*°
@ List table show that the number of K*® decayed by resonance(by topology)

source percent(%)
K57 (1430) 174
K9(1400) 1.46
KT (1400) 0.75
K30(1430) 0.61
KT (1270) 0.31

@ Generate MC to consider the effect from those resonances.(ongoing)
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e Systematic uncertainty



Systematic uncertainty (still ongoing)

@ MC model: LUARLW — HYBRID.
o The difference between two MC model results.
@ Event selection
@ Same as R-value analysis.
@ Fit method
@ Signal pdf & background pdf
@ Beam associated background
@ Npeam is estimate by sideband method.
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e Summary



Summary and outlook

@ Spin alignment of inclusive K* is studied with £ = 457.75 pb™ ! at /s = 3.5

GeV.
@ p for K* deviates from 1/3, ¢ is more polarized than K* does.
0-7:‘ L DL I L ]
o5 o E
. 04 E
= on } L {
02 f } + * t =
01 b2
8202 08 08 1 1z 14 16
P(@K) GeVic
@ Next to do:

@ Finish systematic uncertainty for /s = 3.5 GeV.
@ Other energy points(3.65 GeV and 3.08 GeV).
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data result on 0.4<Px-<0.5 GeV
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data result on 0.5<Px-<0.6 GeV
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data result on 0.6<Px-<0.7 GeV
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data result on 0.7<Px-<0.8 GeV
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data result on 0.8<Px-<0.9 GeV

£ L £ £

t U
E;,’ﬂuum" iyt [rm(u‘h,rn,lu,“(

G

mm'umn,ﬁ,ﬂ"u“mxh‘num#‘

i

] :
et e

] : ;
Eﬂ,,]m;;rim,"n,,l,,[‘,.mnh,yx,z‘ui‘i,+ E :
Mook 3 B Mook 3 M (Gevic)

) .
E;,m”luuiénl,,el‘l' by ‘m{r‘ﬂ(* H

T—— s

{

T, |

{RI] i i U ] IR 1
E—‘hn it gt gty ) | ikt ity
oGk i oGk i

ete= — k* (892)+X March 12, 2025 25/44



data result on 0.9<Px-<1.0 GeV
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data result on 1.0<Px-<1.1 GeV
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data result on 1.1<Px-<1.2 GeV
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data result on 1.2<Px-<1.3 GeV
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data result on 1.3<Px-<1.4 GeV
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data result on 1.4<Px-<1.5 GeV
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data result on 1.5<Px-<1.6 GeV
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lon result on 0.4<Px-<0.5 GeV
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lon result on 0.5<Pk-<0.6 GeV
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lon result on 0.6<Pk-<0.7 GeV

i
I
bt A

Ut 1 ! 4,
MUt gt

i I )
B e e L

s Gove

s G

s G

] f m
] gt gt st i

4

j : :
e gl g it b

i i
ity g

m#

2 i
2 Bttt b e

]

] -
- Eu i i - B t
ER m#,Kr‘quﬂmumlh({,Jmmﬁ;[& N L R
| |
ete — K* (892)+X March 12, 2025 35/44




lon result on 0.7<Pk-<0.8 GeV
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lon result on 0.8<Pk-<0.9 GeV
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lon result on 0.9<Pk-<1.0 GeV
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lon result on 1.0<Pk-<1.1 GeV
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lon result on 1.1<Pk-<1.2 GeV

i ] i
: ] "“,7‘1“;““11)“1,y,gﬂ’f‘r“v"h‘w‘ﬂ‘ : : “‘T;lunlﬂmﬁ,,:,;Yx‘uql»,l,,u‘:ﬂm : )hl’!umnI(;;lﬂl,inluulﬂh ,ll,;mlr(
T ey i e T ey i e T ey i e T ) i
i i ' f ! |
H nlal;mn',«’!'ﬂ',:‘H“udxh,lmm‘hu{ H ER SR sl ettty sy L 1t Mg i i
s ey i : s ey i : B s ey i } i s ey i B

-
;
Ty
i

L [ - i :
: "n“z'r“r,“‘r”' it H lm,ﬂ,‘['(‘ml 'nmu«m’nu”ul i

ete= — k* (892)+X March 12, 2025 40/ 44



lon result on 1.2<Pk-<1.3 GeV
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lon result on 1.3<Pk-<1.4 GeV
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lon result on 1.4<Pk-<1.5 GeV
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lon result on 1.5<Pk-<1.6 GeV
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