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Fig. 1. (color online) Schematic illustration of Bose-
Einstein correlations of two bosons. Two detectors
capture two bosons emitted from a source with mo-
menta p; and pa respectively. Two possible trajecto-
ries of them, represented by a solid and a dashed line

respectively, cannot be distinguished.
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Fig. 2. (color online) Mixed event (c) is produced by

taking two bosons from event 1 (a) and event 2 (b).
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Fig. 3. (color online) Dalitz plot of m2(n’p) versus
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sample. The incident photon energy is 1.0 GeV.
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R 47 b B G VR & S SR ) B B = )
TN, B4 (c) g tH B2 FORMEA N Q 70 i 5’
EREART Q A nItLAE, BIOCERREL, 45 R E R
F 5% 01 5 PR ) 2% IR B4 B BR) BIOAH LU G Ikt R ) )
BE Q PR B~ 2%, S 40 — AN R R S R 2E
K. DA g R R IR 2R S 5 B ) 2% A mT DA Aok 4
BAEYEE LRGN, PR ESs
BEC 73t ISR & 45

XA A | A i yp — nO0nOp FHAE, — A
B BT FAR A T 1L RLZP A — AP [ OB R 2L,
BN E O SR ) S A AR O AR AL T SRR S A
B ARG = A — 26 I OB . BARE
A IS AT DU B A B 23 550K 3 B 3 A AN 1 52
Wi, 2 40 SR e 4K 21 G 0 i PR i 2% 1R 19 31— 251
MR R B, AU T7 AN E L& S 40, thRe
i &5 5 T I, DRt AR SR T D R PR
A

A1) ANE R E (MM) BRI

% AF2) R KRB E RS K cost —
cosf| < 0.1, HH 6, Fo, RERFEAREG P ESL
R 3 £ B SR A A, X L E NSO
7N Z

FAE3) RRBE RS ZM Ko — o2 <
11/20, ooy Bl g AT B AT e (1) 5 AN B T 1)
R E T WEIAER

%Mh4) FRBIERBIRM L |p| — |p2|] <
0.02 GeV, Kb py 5 py AAREZ A PIA P A1
1 =245 =;

M) ERFERGI KM RO T RE AR
B i S A2

A 5) ) 3 A T B v RE BRI 2% 1R 2 AE
JiR G S A R A b B B — o R R ) A, A B
P 1 A 3K 8 S o AT AT 3 1 1Y) g = R o — A
E R EREEIRE B ST AM TR E
E, = 1.0 GeV Jyp — n'n%p B, f i) Emax
0.5 GeV Pl

3 FEMRE T

SR FH AR AR UL 00 1 A b AN (] PR ) 2%
3t AR A AR, D 7 ) AR A B 7 2% 1
A RO AR A AR IR ER RS BEC Z 8o M
Ao, B TR AU 2 [ HAAEA, M T RA

022501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 2 (2017) 022501

BEC R A REA. 1X 48 BEC FEAS S 75 4l A 25
] 43 A () yp — mOrOp FEA R A LR b B ik M Ak,
I S BRRE AR o — 384> A A BEC 4t
IR IR R AL IR (2) gh i, BRI R G

D) i EHEA A 7O MR EIE Q, AN (2)
XL Co(Q) 18

2) A AN 01 X [H I 21 4 A (I BEN L R;

3) LB R 5 Cy(Q)/Ca(Q), Wik RELEK,
T B3 A A

Hoh opax(Q) N Co(Q) I &t K 1, A

C2(Q) A \ S
Cmax(Q) > R EGMK%CQ(Q)E‘ZIEH; JZ | L

FEARIE 1 BIIRJ5 R & (2) KI5,

9T He, B T — R 2 A 1)
FEA (712 9 noBEC) MPUAN HA BEC UM HIFEA
(bR N BECi, i = 1, 2, 3, 4), ANd LT RERE B, LA
I BEC S$ ro Fl \o (L 1 A1 .

#1 AR BECFEAN) BEC U NGHEFREE
Table 1. Combinations of BEC parameters ro and A2
for Monte Carlo BEC samples.

EN E,/GeV ro/fm A2
noBEC 1.0 — —
BEC1 1.0 0.4 0.5
BEC2 1.0 0.7 0.5
BEC3 1.0 1.0 0.5
BEC4 1.0 1.3 0.5

B 545 T BEC2 FEAR AR 22 B, B Fis
(1A 2% 5 B OO AR i P m2 (0, ) 1
BEAR T T, 48 BEC SR 4 sl 72 R 2h i 4% 1
Gl FH 2 (AL A R 85 R 23 A

N T BAIE BEC RN A vk i Jkk, B 6 5
B7or 3¢5 TBECH A Qr i M5
noBEC F£ 7K Q 0 Aii W LLAE, BPSCBR R £, FIH (2)
AP EHH I BEC 28 5N S AR ZEFE N
SEAEFFE, W T BRI BEC P2 AR R A 2.

BT 4 U noBEC FEA M 4 A HAT BEC RUM,
1 BEC FEA, X LT R A, FE0 23 TRl
T2 HH R 5 ot A VR A FIR 1) 2% 1 R BACR, 49 310 0 5%
PR BTE I 8 R eh . S5 R EoR, X AA AN F 1 PR

H A RIE T BA MR ZE R, X T BR &% 1F 1—4,
AT 2 1 noBEC # A4S 1) 5 K b KA AN 2 — 2%
B EL, KM 1520 Co(Q) B Q BTt %142
IR Q SEIJE Y, 13 RE Q SE k5T 111,
KA R PHEER Q B, RS MTEQ /M
0.6 GeV X A& — 26 T EL, AHHEQ > 0.6
A fivk. X T B A BEC UMK IUAMFEA, X
ol B ) 2% 1 AT BEAE Q 453 O I WL 31 5 15k b KK
LT

3.0

hDalitz 2000
Entries 2057190
2.5 Mean = 0.2618 1800
2L Mean y 1.706 1600
C B! RMS =z 0.1147 || ' 1400
=~ L e, = |RMS y  0.2913
R 20 1200
s E . 1000
g 50 i 800
Y o 600
r e 400
1.0 - 200
L ! 0
0 0.2 0.4 0.6

m?(n0, n0)

5  (MTIRMG) BUE K AT BEC B M yp —
TOmOp FREAR M AR 22, B A7E nOnO [ &
77 m2(n0, n0) Al mOp WA B & 77 m2 (p, n0) i
RIS A

Fig. 5. (color online) Dalitz plot of m2(p,n°) wvs.
m2(n% n®) for the generated yp — m°m®p sample
with BEC effects. The BEC parameters are set to
be A2 = 0.5 and rg =0.7 fm. The incident photon
energy is 1.0 GeV.

H1 T PR A 2% AR 14145 21 (1 R HK R B A 2
W, prelsegE g (2) $ORMA:

Co(Q) = N(1+aQ)(1+ e @), (5)

HA 1+ aQ BN AL IER T, o LA .
B ] 2% 14 5 73 21| (1) noBEC [ B 3R H0H — 4%~ 31
FLEG, HATBIR R B AA T (2) 3ok G, fh&
13 21 BEC Z$ro F1 Xy 1E K8 thdg— A 7 & o
WA o, R B 2 o,

N T WG LR 5 3745 BEC Z AU Al SE 1k,
SE TR SR AT g

4 fit _ ,.inputy\2
(r )

. 0,5 — To,i
Gmix = Z ( input)g

i=1 70,
fit inputy2
(A2 — Ao )

TP

: (6)

022501-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 2 (2017) 022501

Counts/0.025 X 10* GeV

[
LA I L L LB L

W~
T 1T 1 I L I L I T

0 ~ 1 1 1
0.4 0.6

Q/GeV
El6 B4 BECHAR QA ME, AT LE, ®
g5t T 4l 7 (8] 43 A i noBEC FEA 1 Q 43 i (brid A
‘PS’)
Fig. 6. The Q spectra of the generated BEC samples.
For comparison, the noBEC sample’s @ distribution

(labeled as ‘PS’) is also presented.

N=0.80
ro=(0.41 + 0.01) fm
As =0.49 + 0.02

BEC1

1.0 [~
[ x2/ndf=2.7/24
0.8
ul 1 1 1
0 0.2 0.4 0.6
BEC2 N=0.92
1.4 ro=(0.72 £ 0.01) fm
Ay =0.48 + 0.01
1.2
1.0
=]
2
S 0.8 x%/ndf=3.8/24
=] . ! ! !
= 0 0.2 0.4 0.6
E
o BEC3
g 14 N =0.96
£ 1.
8 8 ro = (1.03 £ 0.02) fm
- A2 =0.46 + 0.01
1.2~
1.0
0.8 L x2/ndf=3.7/24
ul 1 1 1
0 0.2 0.4 0.6
BEC4
14 N=0.98
i ro=(1.34 £ 0.03) fm
1.2 Ay = 0.45 + 0.02
1.0 -
08k x*/ndf=3.6/24
ul 1 1 1
0 0.2 0.4 0.6
Q/GeV

7 RN BEC MEA RIS 3, B BEC FE
A Q 731 Bl 5 noBEC ¥4 Q 43 i LA, H (2) 2l
H13E BEC Z8 ro M \o (H M EIRLER T

Fig. 7. Correlation functions of the four Monte Carlo
BEC samples. The fitted BEC parameters g and Aa
are presented as well, obtained by fitting Eq. (2) to
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Table 2. Fitted BEC parameters ro and A2 for the correlation functions obtained by event mixing with the

five constraints, and the factors of quality gmix-

BEC1 BEC2 BEC3 BEC4
%'ﬁ: Gmix
ro/fm Ao ro/fm A2 ro/fm Ao ro/fm Ao
1 0.13+£0.02 —0.86+0.03 1.22+0.09 0.62+0.07 0.084+0.01 —0.93+0.01 0.084+0.01 —0.934+0.01 26.5
2  1.09£0.11 0.384+0.06 1.0340.07 0.684+0.08 1.18+0.07 0.86+£0.08 1.27+0.07 0.9340.09 4.7
3 1.00£0.20 0.214+0.05 0.8640.09 0.504+0.10 0.994+0.08 0.63+£0.08 1.15+0.10 0.61£0.07 2.8
4 1.344+0.32 0.16+£0.06 1.084+0.11 0.44+0.06 1.09+£0.08 0.654+0.08 1.34+0.11 0.6740.08 6.5
5 0.264+0.07 1.024+0.73 0.67£0.03 0.414+0.01 1.024+0.04 0.444+0.02 1.25+0.06 0.38+0.03 1.3
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the @ distribution of the two pions from original sample normalized to that from the mixed events obtained

with different constraints in the mixng. The fitted BEC parameters g and A2 are presented as well, obtained

by fitting Eq. (2) or (5) to the correlation function.
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Event mixing constraints for Bose-Einstein correlations
in reactions with three particles in the final state
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Abstract

Bose-Einstein correlations (BEC) are widely used to gain an insight into the spatiotemporal characteristics of boson
emitters. It was used for the first time in the 1950s by R. Hanbury-Brown and R. Q. Twiss [Hanbury-Brown R, Twiss R
Q 1954 Phil. Mag. 45 663] in astronomy to measure the dimension of distant astronomical objects emitting photons, and
hence is also known as Hanbury-Brown-Twiss effect (HBT). In nuclear and particle physics field, BEC also has important
applications in the investigation of the space-time properties of subatomic reaction region, especially in elementary-
particle collisions and relativistic heavy-ion collisions with large multiplicity at high energies. Its potential application in
exclusive reactions with low multiplicity in the non-perturbative QCD energy region may offer complementary information
like duration and size of nucleon resonances, which are generally excited by hadronic or electromagnetic probes and usually
decay into the ground states accompanied by emission of identical mesons. However, the event mixing technique, which
is highly adopted for BEC observations in inclusive reactions at high energies with large multiplicity cannot be directly
applied to the BEC measurement in exclusive reactions with very limited multiplicity at low energies. The event mixing
method produces un-correlated samples from original sample through making mixed events by randomly selecting the
momenta of two bosons from different original events. It works well for the high multiplicity case because the degree of
freedom of final state particles is large compared with that of the low multiplicity case. In exclusive reactions with a
very limited number of identical bosons in the final state, this method is however strongly interfered by non-BEC factors
such as global conservation laws and decays of resonances. Appropriate constraints are required to control the event
mixing process in order to eliminate the influence of those non-BEC factors. In this study, we are trying to develop an
event mixing method for BEC measurement in reactions having only three final state particles and only two identical
bosons among them. For this end, five constraint modes for the event mixing are proposed and investigated via Monte
Carlo simulation. Each mode employs one or a combination of the following cut conditions: 1) missing mass cut (MM)
that requires the missing mass of the mixed event to be equal to that of the original event; 2) polar angle consistency
cut (PAC) that requires that the swapping particles should come from the same polar angle bin; 3) azimuthal angle
consistency cut (AAC); 4) momentum consistency cut (MC); 5) energy upper limit cut (EU) that requires that any
boson energy should not exceed a given upper limit. The double neutral pion photoproduction on the proton around
1 GeV is taken for example to demonstrate the effects of these constraints on the event mixing. In the simulation, one
event sample free of BEC effects and four samples in the presence of BEC effects are generated for testing the ability
for these constraints to extract BEC parameters. It is found the constraint mode using the MM and PAC cuts, and the
mode employing the MM and AAC cuts, and the mode adopting the MM and the EU cuts can be used to observe BEC
effects and extract BEC parameters. Among them, optimum results can be achieved by the combination of the MM and
EU cuts.
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