How to fit our data?
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— Towards more realistic spectral fitting —
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E3T E15 177
d(K~, N)KN ‘He(K~, N)KNN ‘He(K—, N)KNNN
o d(K~, n)r*OxE « "He(K™, n)Ap « ‘He(K~, n)Ad
e d(K~, p)n A e "He(K™, n)xtAn
e d(K~, p)n~Z° « "He(K~, n)n*Z*p

« 'He(K~, p)n~Ap



Experiments we have done @ J-PARC K1.8BR

E31]
d(K~, n)nTX™*

Mom. Transfer [GeV/c]

q_IMnpipi_Sp_cs_all sys0

08 >_Ivr111111]r1II[IIrlllIIIIIIVI]IIYIIIIVIIII
n .02
o E 'oo 5
06 |
—0.02
05
=~0.015
04
0.3 =0.01
02 F
0.005
0.1
0 111111111111111111111 O
1.2 1.3 1.4 1.5 16 1.7 18 19 2 2.1

IM(Z*) [GeV/c?)

Asano meeting report (2022.05.25)

1.2f |

[
1 = -
= »
-
- - = =
‘ - -
- = -
[
= 1
- -
-

0.6 —
| 0.7l _
0.4 R B . —
] s D
) 0.2 g" "%
0.2_— r\;;- é : —
_ = 2 y -
- O et - -~ s’ -
0 | | | I | 111 l 1111 | | |l IEI I Pl 11 l l":"l'l | 1 11 I | 1 11 I | .
2 2.1 2.2 23 24 25 26 27 28

m, (GeV/c?)

Phys. Rev. C 102, 044002 (2020).

2.9

T77
‘He(K~, n)Ad

ﬂﬂﬂﬂﬂﬂ

- N Mean x
1.4F | e
%) ’ 2: | Std Devy 0.2739
= _ \ )
c T U H —-
~ N . n - Z
R mn B
> f /]
© 0.6 -
S :
041 i
S i
O C _
0.2 -
OT.ll.l.l....l.... T A Y AT T e :
3 3.13.233343536 3.7 3.

M, (GeV/c®) / 40 MeV
Hashimoto meeting report (2022.06.25)



Experiments we have done @ J-PARC K1.8BR
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2D distributions are quite similar!

Quasi free & Resonance are dominant components.
2-step process is dominant! &

All of them could be fit by the same manner.

Y

It would provide more precise information.
Form factor, Production mechanism, --:



2-step process in A(K—, N)

* First step
Elementary (K~, N) reactions @ /s ~ 1.8 GeV/c?

{ ‘p(K_9 p)K_
(K™, n)K™

>

l .p(K~, n)K"

» Second step
Resonances (Y*, KNN,+*)




Fit for E15 data
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Fit for E15 data

mg + 2my
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Fit for E15 data
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Fit for E15 data

e £E15 data was well reproduced by the model functions.
* The data can be explained mainly by Resonance & Quasi-free.

e However, the model functions are too phenomenological.
* Momentum transfer (or angular) dependence does NOT contain the first step

elementary (K=, N) contribution, even we consider it is dominant.

 Angular dependence of the model function is NOT related to that of the elementary
processes at all.
e Resonance (KNN) is considered to be simple Breit-Wigner formula which should contain

threshold effects similar to A(1405).



2-step process in A(K—, N)

* First step <= How to introduce this part?
Elementary (K~, N) reactions @ /s ~ 1.8 GeV/c?

[ ‘p(K_9 p)K_
(K™, n)K™

l .p(K~, n)K"

=>

- Second step <—=How to treat threshold effects?
Resonances (Y*, KNN, **)

Both problems are solved in the E31 fitting.



Fit for E31 data

Elementary (K, N)

K propagator
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Resonance; A(1405)
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Fit for E31 data

e Data is well explained.
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Cross section

Taken from PDG

Cross sections (taken from PDG “Kinematics”)

p]_a m]_ p3, m3

P2 Mpyo

X dq) P1 +p2, P3, ---,pn+2) .
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Amplitude

n-body phase space



Fit for E31 data
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What we need to improve from E31 fit

d%o

* To extend angular region dM £dn
2
« We need to extend F, to higher 6, region. Fres(Mrrz) = fGoT{<I>d<qu>d3qu .

12
~ lTé | Fres(MJTZ),




Extension of F

Center of mass energy of the final step
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What we need to improve from E31 fit

e To extend angular region
: Possible

* \We need introduce additional factor (or reaction, such as point-like) to
modity cos 8y dependence. Otherwise, cos 8, dependence will be tixed by the

elementary process.



How to introduce g-dependence

Production CS will be rapidly

Escaping frolm boungl/region decrease in higher-g.

v

We need something to

r-

enhance higher-g4.
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m,, (GeV/c?) S-wave Gaussian form factor

cannot do that.



What we need to improve from E31 fit

e To extend angular region
: Possible

:: Need further consideration
e To properly treat three(or more)-body threshold effect

ei.e. KNN threshold o Al
T, (KN, KN) =

1—iA'k,) + %A”R”k%’ These cannot be
<& used in three-body
coupled channel.

oid! \/ImA" — Z|AT|2ImR"' k3
Vki 1—iAky + SAVRVKS

TV (KN, m%) =




To take into account threshold effect

Let us consider relativistic BW with mass-dependent width

g . Coupling to the measured channel
8 M, : Resonance mass
m : Measured mass

X : Mass-dependent width
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Total decay width of KNN

' NVim) is @ sum of partial decay widths of all possible decay channels of the KNN.

CRNNGm) = )" TENNGm) + ) TENY

(m) + 2, TR

where E¥(m) is non-mesonic two-body decay into YN channels,

KNN

respectively. All possible decay channels of the KNN, _,,,, are,

aAp .22
7TAn .o Xtp

o 7z02+n . 71""2_]9

. K pp

. Kpn

Partial decay widths can be obtained from the following equation,

AN (m) and TEM(m) are mesonic three-body decay into z¥YN and KNN channels,

Decay (taken from PDG “Kinematics”)

(27)*

dl’ =
2M

, Pn),




Cross section & Decay
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Cross section & Decay
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Example for A(1405) case

[ M,. = 1.42 GeV/c?
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Threshold effect can be included in the line shape.



Three-body decay width sl () (%
R B, |Bi|l=(Y) |N
B, N/ \N
The mesonic three-body decay widths T3  Can be expressed as, B2
dl’ — 2n)° M D
MBle(mMBle) — MB,B,
2m
MB,B,
4 —(MB,B,)* —(MB,)*
_ @) E 1 B, 1O MB1By* 1 Ps JOMB* <(27z)3dm1\243>
2Myp, , 4(2x)°  mMyp s, 52 4(27)° myp, B, !
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Three-body decay width g |5]=(7) [

B, N
It we simply consider . as a coupling constant, B
2
KNN
M = EMB, B,

We need to integral over my

the decay width can be expressed as,

2
(81\[%\%2) J

3
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2
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mM+mBl

3277: mMBle 2"/’1]\4B1B2 2mMBl

dmyp (for My p, < My + Mg + mBz)

2
2 2 2 2 2 2 2 2
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3

Not an imaginary, but a negative real number

2myp , 2myg,

We can also include resonances coupled to MB, or MB, channel by using a proper ..



Total width of KNN

'“Mm) is @ sum of partial decay widths of all possible decay channels of the KNN.
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Partial widths of KNN vs. mass
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Threshold effect (Phase space) of two- and three-body are much different!



Non mesonic

Line shape for KNN including threshold effects
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What we need to improve from E31 fit

e To extend angular region
« We need to extend F,,, to higher 6, region. :: Possible

* \We need introduce additional factor (or reaction, such as point-like) to
modity cos 8y dependence. Otherwise, cos 8, dependence will be tixed by the

elementary process. :: Need further consideration
e To properly treat three(or more)-body threshold effect

ei.e. KNN threshold :: Possible



How to apply the model to mesonic decay?

Taken from PDG \/(p1-pz) — MiM3 = PlemV's -

Cross sections (taken from PDG “Kinematics”)

D, My p3 mg (27 4\//|2

It Is very simple, just replacing d®, properly.

— mims5

X d®y(p1 +p2, D3y -+ s Pnt2) -

pn+2’ mn+2

Amplitude n-body phase space



Summary

* We can introduce a new model functions including 2-step dynamics & proper
threshold effects.
* To apply it to four (or more)-body final state (i.e. mesonic decay channel) is
simple.
. But, we need further consideration to apply it, particularly, how to treat ¢ (or

cos 8y)-dependence.

* This part is the most interesting and essential which would related to
spatial structure & production mechanism!






Cross section & Decay

Starting from the cross section.

Cross sections (taken from PDG “Kinematics”)

p]_a m]_ p3, m3

pn+2’ mn+2

X d®y(p1 +p2, D3y -+ s Pnt2) -

m1m2

Could be KNN amplitude

n-body phase space



Cross section & Decay K-

The cross section can be expressed as,

(27)"

4pE/s

where d®, ,, is the three-body phase space of the Apn final state,

2
dd/\pn — '%Apn X dq)/\pn

- —=(Ap)*
Dy 1 R”

- dQ* -
4(2n)° /s 4(2m)° My,

0D, = QU <(27r)3dm/2\p>

p*(Q*) and p*(QYP") are momenta (angles) of n and A in the K—*He-c.m. and (Ap)-c.m. frame, respectively, as,
n \>%n A A

\/<S — (my, + mn)2> (S — (my, — mn)2>
_ 2\/}

\/<m/2\p — (my + mp)2> (mAp — (my — mp)2>

ZmAp

=>(Ap)*
pf\p)

—_
*
Pn

We can integrate over Q" and ¢; by assuming uniform distribution. By using dmg , = 2m, ,dm, ,, d®,,, is as,

—=(Ap)*
Pf\p)

3k

dmy,dcos O




Cross section & Decay

By combining following two,

7| |7

-’(Ap)*

dmy, d cos 0

the double differential cross section of the K—He — Apn reaction can be expressed as,

don =2 4 i, |ldw,, = —
R Y | I TE RV
dop,n 1 1
S 3 %
dmy,, dcos 0, 16(2r)° piE-s

—_
%
Pn

P A

>(Ap)*

M\

If we consider the KNN,_,,, production decaying into Ap-pair with the Breit-Wigner parametrization, .#,,, can be expressed as,

KNN
g Ap

%Apn —

2
MKNN

— m2 — M- KNN
my, — Mgyl i

- (cos 9;‘;)

<5

M ppn

= BW

where g\’ KNN is a coupling constant of the KNN to Ap channel, Mg,y is the Breit-Wigner mass of the KNN, TXM = K¥Ny) is the total decay width of the KNN,

andd/(cos %) demonstrates an angular dependence of the KNN production.

I, (m)is a sum of partial decay widths of all possible decay channels of the KNN.

CENNGm) = ) Tyy(m) + ) Topn(m) + ) Tign(m)




Cross section & Decay
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Cross section & Decay

' NVim) is @ sum of partial decay widths of all possible decay channels of the KNN.

CRNNGm) = )" TENNGm) + ) TENY

(m) + 2, TR

where E¥(m) is non-mesonic two-body decay into YN channels,

KNN

respectively. All possible decay channels of the KNN, _,,,, are,

AN

TXTp

ntXp

. K pp

. Kpn

Partial decay widths can be obtained from the following equation,

AN (m) and TEM(m) are mesonic three-body decay into z¥YN and KNN channels,

Decay (taken from PDG “Kinematics”)

(27)*

dl’ =
2M

, Pn),




Cross section & Decay

The non-mesonic two-body decay widths I'y, can be expressed as,

- (2 )* B 2n)* )
2myy 2myy 4 (27)

Myn — (mY + mN)z))<mYN — (mY o mN)z)

f we consider the amplitude # as a coupling constant to the YN channel, \/( 2

KNN| This .« is a amplitude for the decay. 2myy

Not the same as the previous onel!!

We can integrate over Q"V", then,

2 2
(S8) e (88) V= ot ) (==

Y

['yp(myy) =

This expression is allowed only for above the m, + my threshold, but we can expand it below

the threshold by the Flatte parametrization as,
( g{fN)z \/ (myy = (my + my)*) (miy = (my — my)?)

87Z'm%N 2mYN

(for myy > my + my)

(k)7 (Ony +my Y = mi) (i = Gmy = my )

(for myy < my + my)
Sﬂm%N 2mYN

I'yp(myy) = l




Cross section & Decay a |- (3 [
R B, Bil={Y), |N
B, N/ \N
The mesonic three-body decay widths T3  Can be expressed as, BZ
Qo )
dlyp g (Myp g ) = M~ Dy
2m
MB,B,
4 —(MB,B,)* =>(MB,)*
_ @) E 1 B, 1O MB1By" 1 Ps JOMB))* <(2ﬂ)3 dm?, )
2myp B, 4(272)6 My, B, b2 4(27:)6 My, % 1
where

—(MB,B,)*

2 2 2
\/<mMBlB2 - (mMBl + mBz) ) <n/lMB1B2 _

(mMB1 - mB2)2>

2mMBlB2

VI

=(MB,)*

0 ) 2
Myyp, — (M, + mg ) ) <’”’”lMB1 — (my, — my ) )

27’}1]\431




Cross section & Decay , g, |n|-(7) [
N

BZ
It we simply consider . as a coupling constant, B
2
EMB, B,

the decay width can be expressed as,

( GKNN )2
MBB, J ~(MB,B,)* —(MB,)*

P P
23miyp p ) 177 By

FMBle(mMBle) — d’”’”lMB1

dmyp (for Myp g, = My + Mg + mBz)

B 3,2

2
% 2 2 2 2 2 2 2 2
K — — — — — —
(gM]g]l\é2> “’nMBle_WlB2 \/(mMBle (mMBl + mBz) ) <mMBle (mMBl mBz) ) \/(mMBl (mM + mBl) > <mMBl (mM mBl) )
mM+mBl 2mMBlB2 2mMB1

- 2 2 2 2 2 2 2 2 2
( gﬁlgll\l’? 2) J‘mMBle‘mBz \/ ((mm1 +mp )" — mMBle> <mMB1 B, — (Myp — mg) ) \/ ((mM +mg )" — myg | | My — (M, — mp ) ’ )
dmy;g (TOr my,p 5 < my, + mg + mg
1 1822 1 2
mM‘l‘mBl

32
32 myp g, 2myp, B, 2myp,

We can also include resonances coupled to MB, or MB, channel by using a proper /.



Cross section & Decay

'“Mm) is @ sum of partial decay widths of all possible decay channels of the KNN.

TGy = Y TEWGm) + Y TR () + 3 TRMY

(m)

['yp(m) =

|

(g8)2\/ (7 = Oy + my)?) (m

(my — mN)z)

8rm? 2m

(for m > my + my)

<g§N)2 \/((mY + my)? —m?) (m* — (my — my)*)

(for m < my + my)

l
l 8rm? 2m

I MBle(m) —

m* — (myp, + m32)2> <m2 — (myp, — m32)2> \/ (’/”MB1 — (my, + mBl)2> <mMB1 ~

2

2

(my, — mB1)2>

3273m?

2
(efi.) = V
my+mg,

2m

ZmMBl

dmyp (for m > my, + mp + mBZ)

2

My,

— (my, — mBl)2>

3,12
32m°m Myghmg,

lH(gA% ) - (5 ma)? =) (7 = O, = ) 3 (= i)

2m

2mMBl

dmyp (fOr m < my, +mp + mg)
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Cross section & Decay

+ = ot 3
PR PR
S £ & & = £ £ & & =
0.03— ’ AN 0.07— '
B 0.06 —
0.025— ZN -
- % 0.05
. /o . I -
0.2 + A 5 004l
: % 0.031
0.015 [— 5 -
0.02|
0.01 -
B 0.01—
0.005 — O e ]
- o ~0.01/4 L
O|I:I||I:IIIII||1|||I:I|||||||||||||||||||||||||||||| II||1|||I:I||||||||||||||||||||||||||||||

2 21 22 23 24 25 26 2.7 28 29 3 2 21 22 23 24 25 26 2.7 28 29 3



K~ A
Cross section & Decay p
the double differential cross section of the K—He — Apn reaction can be expressed as, 3H€ n

do 2 [
Apn _ 1 1 ]_5;!; p(Ap)* %A ) a,, = : 8Ap __ o (cos 9*)
dmy,dcos0F  16(2n)° p§_s r My — ™3y — Ml
KNN :
1 1 . 8 2
= T pi pf(\p ) Ap o (cos 0%)

P

CRYV(m) = ) Tyn(m) + ) Tapy(m) + ) Tgan(m)

RC.

Omy — 40 MeV and TV —

100 MeV (fixed), then line shape is

(almost) the same as that

*In

PRC, non-relativistic Breit-Wigner was used.



Cross section & Decay p

x10~° mg + 2my . 3
008k \ — Blue * fixed width (100 MeV) “He n
- . A
0.07- M ypn = 74 (cos0)| <-The same as PRC
— KNN Ap KNN+* KNN
0.06 — ] .
- Black : mass dependent width
< 0.05— KNN
+— _ EAp
‘QCD E '%Apn M2 —m2 — iMs F (m ) - (COS Hji) Error is so hugel!
Q 0.04— KNN Ap KNN* tot Ap
i B *Parameters were set to fit the blue @
D b3 NO.  NAME VALUE ERROR
- 1 2.41689e+00 2.62724e+00 B
0.02 - 2 1.69950e+00 1.15931e+02 ELY
- 3 ©.98810e+01 6.81244e+01 BN
N 4 ©.81960e+0Z2 ©6.82626e+04 RN
0.01— 5 8.84178e+02  8.31748e+05 ELM
_ 6 6.36444e+01 1.15118e+06 ELDON
O_ll ||||||||||||||||||||||||\.:' el 7 1.4478%e+07 1.19851e+006 B35
2 25 26 27 28 29 8 4.11638e+02 1.16775e+06 LR
m A 9 1.33888e+03 1.15010e+06 EfaW
P Originally # of params was three |t 7.23045e-01 1.55019e+02 Elerllisle



Cross section & Decay

(2m)* 2
do = M X do,
K~ N’ 4p}§_\/g
U
1
_ @Y= | | vy 2 (TYN)*
v =200 I PN || 2 iy i,y dcos 6 d cos 6
‘He N

1 Py 1 oy ! 1y "
dD, = 40 6 dQ™ 6 dQY" | (@m*dmgyy) (2x)'dmg, )
4 (2m) \/E 4 (2rm) MayN 4 (2r) My

do 1 1

dm,yy dm,y d cos 0% d cos 67N 32(2m)5 pg_s

YN)* Y)* 2
pul |ov | Py

‘ \/ <m7%YN — (m,y + mN)z) (mJ%YN — (myy — mN)z)

2m,yy

\/ (ngy — (m, + my)2> (mJ%Y — (m, — my)z)

2mn.Y

\/ (s — (myy + mN/)z) (S — (Myyy — mN’)z)
_ (rYN)*
2y/s

Y)*
Py (7Y)

Py

%
pN/ - ’ ’




Cross section & Decay

K™ N’
- do _ ] : o | [ pEMr |t gy 2
* / Y
dm yy dm,y d cos 0%.d cos 7N 322x) pig_s N1 ITN
\/ (S — (mgyy + mN’)z) (S — (mgyy — mN’)2> . \/ (mJ%YN — (mgy + mN)z) (mJ%YN — (mgy — mN)2> . \/ (mﬁy — (m, + my)z) (mﬁy — (m,, — my)2>
3He N P ;\’k' - 2\/; , ‘pﬁ’ﬂ ) ‘ - zmﬂYN , ‘péﬂ | ‘ - 2mnY
gn 8y
nYN nY *
M= My My = 3 ans o (cos 0% ) o ( cos 97N
Mp — m2y,, — iMpIR d M2. — m2. — iMo.TY* N N
R YN R* tot Y* Y Y*4 tot
This term determines the m_, distribution.
2 2
dO' 1 1 ‘ % % gRYN gY; | ’ * ’
= 1 [ pENT L ple) = MK+ 4 o <cos 9*,) o <cos o\ rN) )
dmyy dm,y d cos 0% d cos O™ 32(2x) piE-s o 1Pw Py Mg — mzyy — iMgIE, Ty g — mzy — iMy:Tl; N N

As the first step, let us ignore Y* contribution.



Cross section & Decay

K_ N, " 0_3 Mg + 2mN
U 0.14 - /\ “Parameters were set from the m,, fit.
B ' *All scaling factor were set to|l.
Y 0.12
3He N i />
0.1 AN %A
§ 1.
0.08 — TE)n
0.06|—
0.04
0.02—
O _l | | 1 1 1 / "': - = = N R T LJ-LJ e, V| | [ I
2 2.1 2.2 24 25 26 2.7 28 29 3




Cross section & Decay

_ do s 1 | 5
K- 7 (K) — = T |Pn p&=*| M
dm,sdcos0F 16(2n)° pi_s
> (V) .
gﬂ'Y
M = - (cos @F
d L M%* — m%z — iMY*F}fj’; ( " )
d o 2
= = —— |pz| | ——=——— | | (cos 6%)
dm_s d cos 6 16(2rx)° pE-s M3 — mZs — iMy:l 7},
[ (g5)° : . (below the mg + my threshold)
pv — M2 + My:Igy) + Mg 125

(¢%)’

(M%* - m%z)z + M%* (Fﬂz + F[ZN)z’

dmgy d cos OF

is as the same. l

(above the mg + my threshold)




Cross section & Decay

dFY* _ (271')4 2(1) _ (271')4
Y* Y zmﬂy 2 ZmﬂY
Y
M = g,y
r (85)2 \/(mf%Y — (m, + mY)z) (’”’”%%Y — (m, — my)z)
™ 8wm2y 2m._y
(8%)° (O my? = i) (2, = g = my )

— 1
2

—_ JZ'Y k
p) 1 p§ ) JOY)*
4(2n)° Mgy Y

(above the m_+ m,)

(below the m_+ my)



Cross section & Decay

K
. 27)*
dl'y, = 1w P, =
N
oy
M= 8y

(27)" VE

(mg — mN)Z)

(g}gv)z \/(mI%N — (mg + mN)z) (mIZ{N _
F]Z'Y —

demz,, Dmpy

, (8}5\7)2 \/((mk + my)” = mlng) (mI%N — (mg — mN)Z)

— KN %
1 p](\f ) dQ(KN)*
4Q2n)° mgy N

(above the mg + my)

demz,, DMy

(below the mg + my)



[ M,. = 1.42 GeV/c?

CFOSS SeCtiOﬂ & DeCay Parameters

l 8rs = 8fy =3

mg + my My mg + my
0.12 N
- 0.007 —
0.1~ 13 0.006 |-
i N i
0.08— _ »n 0.005
E KN o -
s % & -
- 0.004 [—
[~ o068 g -
- S 0.003
0.04 o -
i 0.002 —
002 0.001F >
O i | | | | | | | | | | | | | | | 1o | | | | | | | | | | | | | O : | | | | | | | | | | | | | | | | | | | | | | | | | |
136 1.38 14 142 144 146 148 1.5 136 1.38 14 142 144 146 148 1.5

Mass Mass



Cross section & Decay

%107 i
Mys mg +my, 0.14 - [\ "Parameters were set from the m,, fit.

— B ' *All scaling factor were set to|l.
0.007 | i |

- 0.12— : E
0.006 — - 5 '

B 0.1— ﬂANL
0.005 |— B : §
0.004 — 0.08—
0.003 0.06 —
0.002 0.04 —
0.001(— > i

B L1 L1 L1 R A N R N A N N R I ) A Ry DA e

0—136 138 14 142 144 146 148 15 B R
O L1 IJ [ NS Al L Y S e Lo |
mass 2 21 22 23 24 25 26 2.7 28 29 3

Spectral distortion seems to be much smaller than A(1405) case.
It may due to the difference between two-body and three-body LIPS.
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+ = ot 3
PR PR
S £ & & = £ £ & & =
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Overview

* More precise analysis of the
K—°He — zn~App’ reaction

* The same event selection with the
distributed draft (Not submitted yet,
but will be soon with small
modification:--)

e To search for K’nn with more precise
fitting

e K%n, QF-K, and QF-Y*

(MeV/ czé)

ub/ A
™~

ub/(MeV/c?)) do/dm (
< < <
N o o B

do/dm (
.O
[\.)

ub/(MeV/c?))
< O
EEN @) -

do/dm (
<
(\®)

-

(a) ﬂ:‘App fmal state

$

+

+ !§++i++* +t‘ N *Hﬁﬂ.# ]

" q=0.6 GeV/c

q<0 3 GeV/ C

!

¢
°

" 0.3=¢<0.6 GeV/c

+

(a) . App f1na1 state
6

eV/c?))
<
~

ub/(M

do/dm (
-
(]

eV/c?))
<
~

do/ dné (ub/(M
o

S

eV/c?))
<
~

ub/(M

do/dm (
&
(\®)

Lo

1

: I+++ é £ 'i +H+,+!! .

0 3<q<0 6 GeV/c

S
T

—O

q<O 3 GeV/ C -

| q>O6GeV/C
E + data -
i : U
i Y BS
e “OoF 7
-, pe
2 14 1.8
A(GeV/cz)



Analysis to select the z~App’ final state

n"Ap = (ﬂ_p) p . Measured by CDS

p’ . ldentified by the missing-mass method

— Requiring four tracks in CDC

— Event selection with log-likelihood

L=-—1In (p ()(kin) + NDZCAp (DCAi))

seven DCAs considered:

- -K~ .7 p e PA™D -
Y . p-A
cA-K™ L A-7”




Analysis to select the z~App’ final state (i)

log-likelihood Missing-mass

800__'(&'1)' Ifolrl n:—ApIp Slellelctli(')ﬁ | '_— L ———
600:—*“+ h
i ¢ - _

Counts

8.6 0.8 | 1 | ll.%l | I1.4 1.6
my, (GeV/c?)

Contamination from z=X'p’



Analysis to select the z~App’ final state (iii)

Invariant-masses of pz~ pairs

invariant mass of 1. (meas lab) jnvariant mass of plpim (meas. lab) jnvariant mass o f ppiml (meas lab)
L L ] B L L r L L L .= 1 L L} i = 1 1 Ll L L] E 1 L L} -
SO00F= £ ov\-@------ R REREREE b + ; * . :
- d : - ( ) g : . 1000 AC--o B Sverfle e
Entries 6987 # Entrics 6987 # : ntries
- Underflow 0+ 600f==-----=remn-s H """"""" "Underflow™""""""" 0 i . nderflow i
Dverflow 0 | + Dverflow 146 . low

ounts

3500

INASS nflnnim (meaqI Iah\l

jnvariant jnvariant
L II 1 L L} L
B ( ) Entries 69877 400f=->=--<--
; nderflow B
L : W i L

300

400

400 -
300

counts
counts
counts

200

200
200

g

1 1.2 1.4 1.6




Degrees of freedom in the reaction

K~ + °He ~ ~ é B
_> T
JZ'_A]? T A
Eight degrees of freedom:
. My, - INVariant-mass of z~Ap . ¢" ™" . azimuthal angle between p, and —p,
. m__, - Invariant-mass of z~A in the (z~Ap)-c.m. frame

.07 polar angle between p,- and p, in the c.m. . QXT—A)* . polar angle between p, and —p, in the

frame (z~A)-c.m. frame

. ¢* » azimuthal angle between p,_ and p,, in the AV L _
P P . ¢" V" : azimutal angle between p, and —p, in

c.m. frame the (z~A)-c.m. frame

. 67 " = polar angle between p, and —p,, in the

(z~Ap)-c.m. frame —

o .
- Apr Mo and Hp, will be discussed.



Comparison
between data & sim (four-body phase-space)

i R B
2.4 2.6

My p (GEV/ c?)

28 1.2

m
T

800

600

1300

1100

1400

1200

Counts



Obtained distributions

A NAL

wp Nup)(Cd o) p

- O -
- -
N

400

ﬁi .nﬁ.w...

o divided by p,

((2/,ASIN)/qu) bputp /0. p
ok )

(a) (mApp) final state

© O <+ aO o @~



Two-body LIPS

4 3 2
Four-body LIPS .~~~ | _ -7
(1,23 (1,2) (27)6 m,
dp, = dp,(i; [1,2,3].4)dpy([1,2,3]; [1,21,3)dp,([1.2]; 1,2)(2x)° dm
—* —F —F 3 —F —F 3k
T P4 T P3 T P> T P4 P3 P>
(27)° dmﬁm] dm[%,z] = dm[zl,m] dm[zl,z]

(2m)0 m, (2m)° mM1.2.3] (27)° my1 2 2m)12 My My12,31 My1,2)

2 _ 2
dm[1,2,3] = 2myy 5 31dmyy 5 35, dm[l,z] = 2myy 51 dmyy 5

dpy

dmp 5 dmp o Qo= my

) \/ (miz = (o + ’””4)2> <mz‘2 — (103~ m4)2) ) \/ (””[21,2,3] = (o + m3)2> (’””[21,2,3] = (1 - m3)2> ) \/ (’””[21,2] — (my + ’””2)2) (’””[21,2] = (my - m2)2>

Py = » D3 » P2 =

2ml- 2m[1,2’3] 2m[1,2]



Obtained distributions (i)

all events

cos 6% > 0.5
p

selected

m__, (GeV/c?)

[S—
™~

m__, (GeV/c?)

[
o0
T T

ek
AN

1.2=

22
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.24. :
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.26. :
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1.8

ek
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1.2=

22

:rcAp

.24. :
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.26. :

8

¢¢+++ +¢ +*
L 4

1 I 1 1 1 1 P 1 ]

02

24 26 28
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J'EAp

4

d(o/p Ydm

4

d(o/p Ydm
ISI T 1

()
-

ek
-

: 4 +++ ++++j

'.' 1 1 I 1 1 1 I 1 1 1 I 1

J

2 1.4 1.6 1.8

m__, (GeV/c?)

\®)
S

ek
N

N

—

PR T T 1 1 1
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Obtained distributions (i)

counts



Obtained distributions (iv)

COS '9;’ > (0.5 selected

1.8

m__, (GeV/c?)
>

1.2

MENN Mgy
T T T T T T T S L 1 L DL AL R R L T BB A B
20_—
+ st 1
Hh g
¢ - 2._“ 10k + +'
14 2 ! ¢
- "E L
¥ B 5k + t
1 ”M+¢+ . R ; t
1 *e l - o' 0”#‘ 4’*‘¥
N T B B O-.I...I...I..I‘.- M I ’*'q.
2.2 2.4 2.6 2.8 2.2 24 2.6 2.8 ?.2 14 1.6 1.8
m.y, (GeVie?) m.,, (GeV/c?) m,__, (GeV/c2)



QF processes

QF-K

- AN p

|
pK_l ~ A~
|

Pk-




QF processes : Focusing on the final step

QF-3* QF-A*

- AP Nrmp 7~ AP p

5
A* n A* 7l A
m__ . . . . _ _ A*-peak with tail
7=\ Phase space r*-peak with tail  Z*-peak with tail r*-peak Phase space A*-peak with tall

dist. >*-peak



QF processes : Focusing on the final step (ii)

QF-K

JZ'.AP AN /A % 71'._/\]7

1 1
~ ~

K- np K- np

similar to QF-A* if K=p strongly couples to A* similar to QF->* if K-ii strongly couples to >*



QF processes : a realistic(?) expression of QF-K

2

d°p._- d’ d°p d’p
5 (Pn— +PA T Dy TPy — Pk-— p3He> P oA - -

(27)’2E,- (27)’ 2E, (27)°2E, (27)’ 2E,

do <7z_App’ ‘T‘ K_CI>3H6>

T A

<7Z_App’ 7] K—¢3He> = <7Z_A |, Gy | K‘ﬁ> <I?‘p 4Gy I?‘i?’> <13‘p’ @ K‘ﬁ> Diye )

J d3pf1 J d3Pf2
@2’ ) @2x)’

2 <P;z—» Pa G- — (Pp +Pf2)> Gg- <421€—’ — (Py +I’f2)> 5) (‘Izk—a Py 41k Pf2> Gg- <Q11€—, Pf2> 4 (4116—, Py Pk pfl) Dy (pfla Pf2>

x form factors?

t, - K n — n~A amplitude — X(1385)™-pole
t, : K'p —» K~p amplitude — A(1405)-pole
t, - K'p - K~p amplitude — Y*( ~ 1800)-poles

This is future work. Today’s work is much more simple.



Kinematics of QF-K

Pk-

g

Center of mass energy of the initial step

1

Momentum of p’ in the (K~p)-cm frame

2
\/<w,2 — (mp/+ m,g_) ) (w,z — (mp
(K™p)* —

p 2WI

boost to the (K—*He)-cm frame

\4

P

p%  Momentum of p’ in the (K=*He)-cm frame

Kinetic energy of p’ in the (K—*He)-cm frame

% — 2 *2 _
Tp, = \/mp +pp, m,

Mass of off-shell proton/neutron

2 2 2
2 2 5m3He - 4m3He\/WL3He + 9pf
mp = m. =

" 9
(To satisty (P5 +Ps)" (D5 + Psi), = Mipge)

Mass distribution of off-shell antikaon

1 e

p(mg.) =

Center of mass energy of the final step

1
2 z
Wg = (w—m) —-wT% ) =m__

p p

27 (mlg_ — mK_>2 + (FK_/Z)z

T

Ap

Center of mass energy of the K~ + *He reaction

w= (mg_+mg, +2myy Ex)’



Kinematics of QF-K (ii)

Four-momentum of K~ in the (K=p)-cm frame

g

([ pEpr )

cos &P | =

sin @& P

/

([ Ex +E,

—(pk- + ppcos ;)

2
<pK— + py cos Gf)

Four-momentum of p’ in the (K=p)-cm frame

e

E({( p)* )

4

plg{{_p)* Cos QIE{Q’)*

(KD)* Gy 9K D)
P

Four-momentum of p’ in the (K=*He)-cm frame

* *x
P,y cos Qp,

* Q1 *x
\ P, sin Qp,)

Eg- + may, —Pk-
—Pk- Eg- + msy,
0 0

—pysin b,

<pK— + py cos 9) prsin6;

/

( > > )
\/ Mg+ Pk
Pk-

\ 0 )

= (in the [ab frame)

—(px-+prcost) w, + : Ex +E, - w,> 2 Ex +E, - w,)
<PK— + py cos 9f> + pf sin® 0y <pK— + py cos 0f> + p7 sin? 6y
. (pK_ + py cos 9) prsin6; pf2 Gt 0
—pysin b, > Ex +E,— w,) w; + - Ex +E,— w,)
\ <PK— + py cos 9f) + pf2 sin? 6y (pK— + py cos 0f> + pf sin? 6y
Pk~ Py
cos 0,
Pkx- DPr
( )
( ) 2 ({f_ﬁ)*z
: (ZK . O(K . \/mp TP p &P &P
L P —sin@t P 5 .= _ ©
0 cos H,; * S (9,; | ]§{€ P* cos Ok-ps ks COS Ok, g = S
. - - K— /
(0 sin &P cosg& P )N & in g ) 2
\pp’ K—ﬁ—ﬂ(—p/)
([ E + E, Pk- +ppcos o, pysin oy |
(pK— + py cos 0f>2 (pK_ + py cos 9) prsin6; (
Px-+Dprcosty wy+ > (EK— + L, - W1> - (EK_ +E,- w,)
<P1<— + pr cos 9f> + pfsin? 0y <pK— + py cos 9f> + pf sin? 0y
. <pK_ + py cos 6) prsin6; pfz e 0
prsin o, - <EK_ +E, - w,) wy + > (EK_ +E,— w,)
(PK— + py COS 9f> + Pf sin? 6y <pK— + py cos 9f> + pf2 sin? 6y

/

(K p)*
Ep/

(K™p)* (K™p)*
Py COS Hp,

(K™p)* ¢in 9K P)*
\pp, sin 0p/

(in the (K=p)-cm frame)

)

)



Kinematics of QF-K (iii)

Center of mass energy of the final step

2 2
— _ _ e —
Wrp = ((W mp> 1% Tp,) M)
Distribution of m,-,,

do 2
% % % 2
X dejd]}),p(w)p <7;9> 9) <<w mp> w]}p, mﬂ«p>

n—Ap

2
Py = Jde_Jdpf[dcos HK_ﬁ%g_p/J’dm[g_p (pK_) p (pf> p (cos QK_ﬁ_)[g_p/) p (mk_) %) <<w — mp> — W T;i — mi_Ap)

2
= ZanpKJdprd COS ijd COS QKﬁ_ﬂgp/J,dmIgp (pK_) pfzp (pf> p <COS (9K_15_>Ig_p/) p (mlg_) ) <<w — mp> — W T;‘, — mﬁAp>

g



Kinematics of QF-K (iv)

Distribution of m,,,

p ﬂ-—A p do

dmir‘Ap

2
X Zﬂjde_[dprd COS Hf[d COS QK_ﬁé,g_p/'[dmg_p (pK_) pfzp <pf> p (COS HK_ﬁ_Jg_p/) p (m,g_) ) <<w — mp> —w T;, — mi_Ap>

p (pK_) =0 (pK_ — 1 GeV/c)

1 [z
P(mk— — me- = 0.4936 GeV/c?, T'p- = 0.02 GeV/c?,
T 2 2
(mg— — m[(—) + (Fk—/z) Not any specific evidence
P2 D2 P2 a, = 0.406113, p, = 0.0440577 GeV/c,
Pr: p ( pf) = ay exp __fz a; exp ——f2 a, exp __fz a, = 0.244472, p, = 0.0791843 GeV/c,
: P Pi %) a, = 0.0169276, p, = 0.125564 GeV/c

E. Jans et al., Physical Review Letters 49, 974 (1982).

g

P (COS QK—ﬁ—ﬂ?—p’) = Z bi Pi (COS 9K‘]§—>I€‘p’> b, . free parameters



Kinematics of QF-K (v)

Distribution of m,,,
p ﬂ-. A p do

dmir‘Ap

2 o2s[~ TS AT T
P (cos HK_];_)K_]?/) = Z b P, (cos ‘9K—p—>1€—p'> i /\ )

i=0 I _
0.2— ]

— |t it is elementary K p - K™ p

@ p.-=1GeV/c R _
Pg-1 0.1 —
K— 0.05_— —

|

%.1 22 23 24 25 26 2.7 28 29

2
X Zﬂjde_[dprd COS Hf[d COS QK_ﬁé,g_p/'[dmg_p (pK_) pfzp <pf> p (COS HK_ﬁ_Jg_p/) p (m,g_) ) <<w — mp> — W T;‘i — My,



Re: Kinematics of QF-K

Pk-

g

Center of mass energy of the initial step

1

Momentum of p’ in the (K~p)-cm frame

2
\/<w,2 — (mp/+ m,g_) ) (w,z — (mp
(K™p)* —

p 2WI

boost to the (K—*He)-cm frame

\4

P

p%  Momentum of p’ in the (K=*He)-cm frame

Kinetic energy of p’ in the (K—*He)-cm frame

% — 2 *2 _
Tp, = \/mp +pp, m,

Mass of off-shell proton/neutron

2 2 2
2 2 5m3HC - 4m3He\/WL3He + 9pf
mp = m. =

" 9
(To satisty (P5 +Ps)" (D5 + Psi), = Mipge)

Mass distribution of off-shell antikaon

1 e

p(mg.) =

Center of mass energy of the final step

1
2 z
Wg = (w—m) —-wT% ) =m__

p p

27 (mlg_ — mK_>2 + (FK_/Z)z

T

Ap

Center of mass energy of the K~ + *He reaction

w= (mg_+mg, +2myy Ex)’



Kinematics of QF-Y*

Pk-

g

T~ A p

Pr-

PA

by

Center of mass energy of the initial step

Momentum of p’ in the (K=pii)-cm frame

2 2
(Kpiy _

pp PAYY, I

boost to the (K—*He)-cm frame

\4

Py :Momentum of p’in the (K—°He)-cm frame

Kinetic energy of p’ in the (K—*He)-cm frame

% — 2 *2 _
Tp, = \/mp +pp, m,

1
2

Mass of off-shell proton/neutron

2 2 2
i Smisy, — 4m3He\/ Mipe + 9p;
mlg =m: =

" 9
(To satisty (P5 +Ps)" (D5 + Psi), = Mipge)

Mass distribution of off-shell Y*
27[ 2 2
(myps — mys)” + (Dl 2)

p(my.) =

Center of mass energy of the final step

1
2 2
—_— _ _ %k -
Wgp = (w mp> 1% Tp, = M,

Center of mass energy of the K~ + *He reaction

1
w= (mg- +ms, +2msyEg)’



m__, (GeV/c?)

Fit results (very preliminary)

. Fit m,_,,, with selecting 1.42 < m,, < 1.5 GeV/c?

e Using only QF-K

* Not considering resolution

1.8

1.2

2 24
m_a, (GeV/c?)

R I T T N
2.6 2.8

2.2

04
m,_,, (GeV/ c?)

R T R T
2.6

38

4

d(o/p )/dm

)
-

ek
N

ek
-

N

2

o¥te e o
L 1 * f‘oh L
14 1.6 1.8
m__, (GeV/c?)



m__, (GeV/c?)

Fit results (very preliminary)

. Fit m,_,,, with selecting 1.26 < m,, < 1.5 GeV/c?

e Using only QF-K + QF-2*
* Not considering resolution

No K'nn?
— COS 6’;, distribution should be checked.

| | ' | | 1 | |
1.8 - T
1.6 -
i e 4 0 4 ]
o . - L "'-0-.* -
12 A I T T T N T T TR NN TR T T R O s~ | ? 1., o, Gle ., |
2.2 2.4 2.6 2.8 2.2 2.4 2.6 2.8 2 14 1.6 1.8

m.y, (GeVie?) m.,, (GeV/c?) m__, (GeV/c2)



Summary & to do

« More precise fit for the z=App’ reaction to search for K’»n has been done.

e QF-K & QF- 2 * reactions with a simple model function were introduced.

e \Very preliminary fit results were shown in which spectra can be reproduced
only with QF-K & QF- 2 *.
o COS Hlji dependence should be checked.

e To do:
* Need more time for fitting






COS 9(” App)—cm - QF B2 DR

P \/ (m,%_p — (Mp- + mp)2> (m,%_p — (My- — mp)2
/ ([ &) (K™p)* _
_ 4 Py B 2m
N A "
KPsin @
P P ) My, = \/ m2_+m?+ 2Ex-E, T 2px- p;
1 (Ex-+E, px-+p; 0 )
" pg-+pr Ex-+E, O
K 0 0 m
\ K—p) p/
/ (EK_ +E)EX P + (pg- £ p) pk " cos o)
1 «
K ——ppfea-aa- plﬁc,’bzm— (pK_+p)E(Kp) + (Ex-+ E,) p{* P cos 0
b (KD)* §in @
\ K=p pp ),
n-Ap
i (Eg-+mye  —px- 0
" —Pk- EK— + My 0
el 0 0 Mg-pe
/ \
P

( - *
(EK‘3H6 Eg-p — Dk- pK—p> EV P + (EK—3He Pk-p — Pk- EK_p> py P cos 6

_ 1 1
_ 2 2 / (7~ App")* _ ) x
mK_3He _ A\/mK_ + m3He + 2m3HeEK_ K_ 7 ------ pp/ - (EK—3H€ pK—p - pK— EK—p> Ep({( p) + (EK—3He EK—p - pK— pK—p) pPgK p) COS 9

Mg-3He Mg—p

(K™p)* qi
\ My—sHe Mg, Py sin 6 )

EK_3He - EK_ + n/l?,He EK_p — EK— + Ep pK_p == pK_ ipf



COS 9(” App)—cm - QF B2 DR

P
AV@QK &

(Ex +E)EX?" + (pg £ pp) pk 7" co9) 7
1 x o
P,ﬁqb = — | (Px- £ pp) E,§{< P4 (B + Ep)plg{ P cos

- —
(K™p)* &i
\ k—p Pp sin 6 )K
/
P
/ ot E,
K ? ------ 1 | Px-t+DppcosOy my, +
-A MK-p
v/
P prsin b, My, +
\
i (Eg-+mye  —px- 0
- —Pk- EK— + M3 0
K-3He \ 0 0 mK—3He) ,

_ 2 2
Mg-3ge = \/ M-+ My, + 2Maye Ly

(LK)
E;
K p)* —_ | (K p)*
P, Py cos 6

png P sin @

Pg-+ pycos o,

2
(pK— + pycos 9f>

2
<pK— + py cos 9f> + pf2 sin? 0y

<pK— + pycos 9) prsint;

2
(pK— + py cos 9f> + p7 sin? 6y

<EK— + Ep - mK—p> mK—p +

<EK— + Ep - mK_p> mK—p +

EK_p — EK— ~+ Ep

\/(m,%_p — (Mp- + mp)2> (m,% -
(K™p)* _

— (Mg-—m )2>

P me—p

= \/mf{_ + mp2 + 2Eg E, F 2pg- pycos 0

COS Hfti?é%ﬁ?:%_@@ Jx)ILEE—Y3>DE—L

CXT B A, | \
pysin o,

(pK— + pycos 9) pysin by

2
<pK— + py cos 9f> + p]? sin? 0y

2 cin2
pj sin” 6,
Ey +E, - mK_p)

2
<pK— + py cos 9f> + p7 sin? 6y )

( - *
(EK‘3H6 Eg-p — Dk- pK—p> EV P + (EK—3He Pk-p — Pk- EK_p) py P cos 6

K p)* K~ p)*
(EK—3He pK—p — Pk- EK‘p) E}S’ P + (EK_3HC EK—p — Pk- pK—p) P,g P cos 0

(K™p)* qi
My—sHe Mg, Py sin 6

)




COS 9(” App)—cm - QF B2 DR

(EK_+E)E(K1’) + (Pg-£po)p (Kp)*cosﬁ\
(PK—"'Pf)E(Kp) +(Exg-+E)p (Kp)*COSQ

(K™p)* ;
k—p Py sin 6 )

n-Ap
( _ \
i Eg- + msye Pk- 0
- —Pk- EK— + M3he 0
K—3He \ O O mK—SHe)

_ 2 2
Mg-3ge = \/ M-+ My, + 2Maye Ly

/
p_ ) \/(m,%_p — (Mmg- + mp)2> (m,% o — (Mg —m )2>
H(K p)* ( E({{ p)* \ p(K_p)* —
- 7 - - '> - &py+ _ |, & i)* ’ 2
P, Py cos
(K™p)* &
pr " sinf _
7 \7P J Mg-py = \/mI%_ + 4m} + 2Ex-E,, F 2pg- ppcos Oy
cos PIRBMERTD I TILZE—23VD E— LA
( CX Y B, | \
EK— + Ep pK_ + pf COS (9f pf S1n Qf
2
(pK— + pycos 9f> (pK_ + pycos 9) pysin by
1 pK— + pf COS Qf mK—p + > . <EK— + Ep - mK—p> mK—p + > . EK— + Ep - mK—p>
<PK— + py cos 9f> + pf sin? 6 <pK— + py COS 9f> + pf sin? 6y
mK—p
. <pK_ + pycos 9) prsint; pfz sin? 0y
prsinb; Mg, + - <EK_ +E,— mK_p> M-, + > Ex-+E,— mK_p)
(pK— + py cos 9f> + p7 sin? 6y <pK— + py cos 9f> + p7 sin? 6y
\ )
! (
P (Kp)* (K™p)* \
/ Ex-sne Ex-p — Px- Pxp ) £y + \ Ex-ne Px-p — Px- Ex-p ) Py 7 cOSO
1 1
_ (7" App)* _ Kp)* K p)*
K ———p<------ Py My-3pe My— (EK—3He Pk-p — Pk- EK—p> E,S/ P+ (EK—3He Eg-p — Pk- PK—p) P,S P cos @
K=p)* -
\ \ My _3pe Mg pplg Psin@ )
T Ap
Egspe = Eg- + Moy Eg-p,=Ex- + E, Pk-p = Px- £ Py




COS ngfz App)—em - QF B 2 DR

COS Hﬁi?&%ﬁ?‘:%'@@ Jx)LEE—Y3>DE—LA

(K p)cm M-, = \/mI%_ + m]f + 2ExE, F 2pg- pycos b,
pl
. \/<m12<_p — (mg- + mp)2> (m,%_p — (mg- — mp)z)
Q(K p) KD
K™ L P i 2m-
(K™p)* — 2 (K™p)*
P B = [ + ()

( )

(1 0 o \| EX?
PIEfK_p)* — 10 cosO@& P _gin Ql(gf_p)* p]§{<‘p)* cos O
|0 sin &P cos @& P” 4l p]gﬁ‘p)* sin @

(K~p)cm—Lab®LorentzZ i
[ Eg+ L, Pk- + ppcos b,

2
(pK— + py cos 9f>

<pK— + pycos 9) prsin 6y

XTI DA,

(&)
pKPrreos ™"

\p I((IS ~p)*sin 9K P )

P

pysin b,

1 | Px-t+prcosOy myg, + (EK_ +E,— mK_p>

2
(pK— + py COS 0f> + pf sin? 6y

<pK— + py cos 9) prsint;

2
(pK— + py COS Hf> + pf sin? 6

pf sin® 6

<EK— + Ep - mK—p>

pf SiIl 9f (EK_ + Ep — mK_p> mK_p +

2
(pK— + py cos 9f> + pj sin? 6

2
(pK— + py cos Qf) + p7 sin® 6y

1 —EK_ <pK— +pf COS Hf) +pK_ mK_p +

—Ex- ppsin Oy + py-

)

Ey- (EK_ + Ep) — Pk~ <pK_ + py cos 0f>

2
<pK— + py cos Qf)

- Ep_ +
(pK— + py cos 9f> + p7 sin? 6y

<pK— + py cos 9> prsiné;

> EK— + Ep - mK
(pK— + py cos 9f> + pf sin? O

)




(E*\

(EK— + Msye

EK— + M3he

Mg-3ge Mg-p

Py x

(Eg- + may,

EK -t M3ye

Ppy)

0
0
Mg-3He |
0
0
ety

(

(

Ex-+E,

Pk-+ppcosOy my_, +

prsin o,

Ex-+E,

Pg-+ppcosy my_, +

prsin 6,

Pk- + ppcos b,

2
(pK— + pycos 9f>

2
(pK— + py cos 0f> + p7 sin? 6y

(pK— + py cos ¢9> prsinb;

(pK— + py cos 9f> + pj? sin? 0,

Pg-+ pycos o,

2
(pK— + pycos 9f>

2
<pK— + py cos 9f> + p]? sin? 0,

(pK— + py cos 9) pysin &y

> (EK— + Ep - mK—p>
(pK— + py COS 9f> + pf sin? 6y

pysin b,

(pK— + py cos 9) prsint;

EK— + Ep - mK_

P

2
(pK— + py cOs 9f> + p7 sin® 6y

pf2 sin’ Oy

+ 2
<pK— + py cos 9f> + pf2 sin? 0,

pf Sin Qf

<pK— + pycos 9) prsin;

p

2
(pK— + py cos 9f> + pf2 sin? 0,

2 cin2
pj sin” 6,
+

2
(pK— + py COS 0f> + pf sin? 6y

(EK— + Ep - mK—p>

( (K™ p)*
Ep/

(K™p)* (K™p)*
Py cos 6

)

(K™p)* ¢in pE P)*
\pp, 31n9p,

( (K™p)*
Ep/

plg{_p)* COS ngg(—p)*

)

(K™p)* qin g P)*
\pp, 81n9p,
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---- matrix ----

cos_p : 1

lv_p_prime_cm = (1.26966, 0.85539, 0)

---- matrix ----

cos_p : 0.998

lv_p_prime_cm = (1.26937, 0.854275, 0.0160382)
---- matrix ----

cos_p : 0.99%

lv_p_prime_cm = (1.26907, ©0.85316, 0.0226701)
---- matrix ----

cos_p : 0.994

lv_p_prime_cm = (1.26878, 0.852045, ©0.0277512)
---- matrix ----

cos_p : 0.992

lv_p_prime_cm = (1.26848, ©0.85093, 0.0320283)
---- matrix ----

cos_p : 0.99

lv_p_prime_cm = (1.26818, 0.849815, ©0.0357907)
---- matrix ----

cos_p : 0.988

lv_p_prime_cm = (1.26789, 0.8487, 0.0391871)
---- matrix ----

cos_p : 0.986

lv_p_prime_cm = (1.26759, 0.847585, 0.0423056)
---- matrix ----

cos_p : 0.984

lv_p_prime_cm = (1.26729, 0.84647, ©0.0452038)
---- matrix ----

cos_p : 0.982

lv_p_prime_cm = (1.267, 0.845355, 0.0479217)
---- matrix ----

cos_p : 0.98

lv_p_prime_cm = (1.2667, 0.84424, 0.0504884)
---- matrix ----

cos_p : 0.978

lv_p_prime_cm = (1.26641, 0.843125, ©0.0529259)
---- matrix ----

cos_p : 0.976

lv_p_prime_cm = (1.26611, 0.84201, ©0.0552514)

---- direct ----

cos_p : 1

lv_p_prime_cm = (1.26966, 0.85539, @)

---- direct ----

cos_p : 0.998

lv_p_prime_cm = (1.26937, 0.854275, ©.0339738)
---- direct ----

cos_p : 0.99%

lv_p_prime_cm = (1.26907, 0.85316, 0.0480221)
---- direct ----

cos_p : 0.994

lv_p_prime_cm = (1.26878, 0.852045, ©0.0587854)
---- direct ----

cos_p : 0.992

lv_p_prime_cm = (1.26848, 0.85093, 0.0678455)
---- direct ----

cos_p : 0.99

lv_p_prime_cm = (1.26818, 0.849815, ©0.0758155)
---- direct ----

cos_p : 0.988

lv_p_prime_cm = (1.26789, 0.8487, 0.0830099)
---- direct ----

cos_p : 0.986

lv_p_prime_cm = (1.26759, 0.847585, 0.0896159)
---- direct ----

cos_p : 0.984

lv_p_prime_cm = (1.26729, 0.84647, ©0.0957551)
---- direct ----

cos_p : 0.982

lv_p_prime_cm = (1.267, 0.845355, 0.101512)
---- direct ----

cos_p : 0.98

lv_p_prime_cm = (1.2667, 0.84424, 0.10695)
---- direct ----

cos_p : 0.978

lv_p_prime_cm = (1.26641, 0.843125, 0.112113)
---- direct ----

cos_p : 0.9706

lv_p_prime_cm = (1.26611, 0.84201, ©0.117039)
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"‘HeDPDNDE =

Mipye =\/4m]%,+m]%,+2\/4m]%z+l?f2 \/m1%+l9f2 +2Pf2

(M3, — 5my — 2p?)? = 4(4my + pH(mf + p})
Mg + 25my + 4p = 10mimy — dmsy pf + 20my pi = 16my + 20my pi’ + 4p;
9mf\1, — IOmeem]%, + mﬁHe — 4m32He pf2 =0

9m]‘\‘, — lOmeem]%, + (m32H o T 2msy, pf)(m%He — 2msy.pp) =0

10m3,, + \/ 100m3y, — 36m3ge(miagge + 2pp) (Magge — 29)
8

My < My /378D T, BSHIDHE

\/5m32He — 4m3He\/m32He + 9pf2

3

2 _
my =

10m3,, + mgHe\/ 100m3y, — 36(magge + 2p) (Mg, — 2py)
8

mN=

10m2y, + mH\/ 64miy + 144p7 Sy, % 4maHe\/ Miye + 9p7

18 9




COS H;?_App,)_cm t Q Fg%@ F*ﬁ{,% Eyy = /4my, + pf
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p’ p(/K_P)* —
K NN plg,K_p "= p,§?<’P ) cos @ ’ 21K
\ pyt P sin @ )
>(1385)" oy p+)’
( ) E;/K = [m2 4 <p]§{< P) )
1 (Ex-+E, px-+p; 0 )
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K_p O O mK—p /
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\ pPep J
n-Ap
i (Eg-+mye  —px- 0
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\ My—sHe Mg, Py sin 6 )
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My—p, VS. M5



2 Dz EDLIPS

d°p; d’p,

dp, = 6 (ml- —E| — Ez) 5’ <P1 "‘Pz)

5 (p1 +3) ZE> Tp,Ic DWTHEDT B &
d’p; 1
(27)°2E, (2x)’2E,

d°p, = 6 (ml- — E; — Ez)

d’p; = p; *sin@d p; d0dp = p; *d p; dQIED T,

] D
P2 (27[)6 ( i 1 2) AE E,

_4(27:) ( S\ By )

d 7 do

Zhld. To(f) g1 EWSE (F( py )=ml-—\/m12+ P’ —\/m§+ 2

BDT, p IEDOVWTDOEDIE

(27)°2E, (2n)’2E,

% 4N — 2 — —
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\/m1




2 RDIZEDLIPS ()

1 —> —>
d3ﬂ2=42 65(mi_\/m12+ P12_\/m22+ P12>
(2 \/m%+ i

I TE(fw) g1 EWSE (F( b )=m,-—\/m12+ pi - —\/m22+ P s
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Cross section & Decay

Starting from the cross section.

Cross sections (taken from PDG “Kinematics”)

p]_a m]_ p3, m3

pn+2’ mn+2

X d®y(p1 +p2, D3y -+ s Pnt2) -

m1m2

Could be KNN amplitude

n-body phase space



Cross section & Decay K-

The cross section can be expressed as,

(27)"

4pE/s

where d®, ,, is the three-body phase space of the Apn final state,

2
dd/\pn — '%Apn X dq)/\pn

- —=(Ap)*
Dy 1 R”

- dQ* -
4(2n)° /s 4(2m)° My,

0D, = QU <(27r)3dm/2\p>

p*(Q*) and p*(QYP") are momenta (angles) of n and A in the K—*He-c.m. and (Ap)-c.m. frame, respectively, as,
n \>%n A A

\/<S — (my, + mn)2> (S — (my, — mn)2>
_ 2\/}

\/<m/2\p — (my + mp)2> (mAp — (my — mp)2>

ZmAp

=>(Ap)*
pf\p)

—_
*
Pn

We can integrate over Q" and ¢; by assuming uniform distribution. By using dmg , = 2m, ,dm, ,, d®,,, is as,

—=(Ap)*
Pf\p)

3k

dmy,dcos O




Cross section & Decay

By combining following two,

7| |7

-’(Ap)*

dmy, d cos 0

the double differential cross section of the K—He — Apn reaction can be expressed as,

don =2 4 i, |ldw,, = —
R Y | I TE RV
dop,n 1 1
S 3 %
dmy,, dcos 0, 16(2r)° piE-s

—_
%
Pn

P A

>(Ap)*

M\

If we consider the KNN,_,,, production decaying into Ap-pair with the Breit-Wigner parametrization, .#,,, can be expressed as,

KNN
g Ap

%Apn —

2
MKNN

— m2 — M- KNN
my, — Mgyl i

- (cos 9;‘;)

<5

M ppn

= BW

where g\’ KNN is a coupling constant of the KNN to Ap channel, Mg,y is the Breit-Wigner mass of the KNN, TXM = K¥Ny) is the total decay width of the KNN,

andd/(cos %) demonstrates an angular dependence of the KNN production.

I, (m)is a sum of partial decay widths of all possible decay channels of the KNN.

CENNGm) = ) Tyy(m) + ) Topn(m) + ) Tign(m)




Cross section & Decay

%Apn — <Apn ‘TApn

-

ANN’
J
)

‘Apn) =\/g

T(IANN’) :

K‘3He> = <Apn

ANN’

ANN’

fﬁﬁ)‘ ANN’> <ANN"T(O) + 7O ‘K‘3He>

Transition operator to the ANN’ final state in the isospin I, ,, channel

( [K—He) + ‘3HeK_>\

V2

\ )

I=1

1

2

_ | K—He) + ‘3HeK_>\

\

V2

/

(‘Apn)+‘/\np)\ i (‘Apn)—‘/\np)\

\

[=0

\/5 ) 2\ \/5 )
1
* _ __+D
%/\Pn o ZtANN’

(

.

ANN’

Lan

2 A

T\»¥) : Transition operator to the AN channel in the isospin 7,y channel

K~ He) = \/g

1 | A -3 0 _ (1) '
<ANN ‘TANN,‘K He> tAN—<Apn ‘TAN‘ANN>

n lta/z)) _ Lo (
9) An 9) ANN’

1

=7

(1/2) (ta) _

ANN'

“K_pp 77

1
2 Ap

+(0)
ANN'

)

1
2An

1

T ZtAn

102y _ _t(1/2))

(1/2) (ta) + 1O

ANN'

uK()pnn

ANN’

)



Cross section & Decay

' NVim) is @ sum of partial decay widths of all possible decay channels of the KNN.

CRNNGm) = )" TENNGm) + ) TENY

(m) + 2, TR

where E¥(m) is non-mesonic two-body decay into YN channels,

KNN

respectively. All possible decay channels of the KNN, _,,,, are,

AN

TXTp

ntXp

. K pp

. Kpn

Partial decay widths can be obtained from the following equation,

AN (m) and TEM(m) are mesonic three-body decay into z¥YN and KNN channels,

Decay (taken from PDG “Kinematics”)

(27)*

dl’ =
2M

, Pn),




Cross section & Decay

The non-mesonic two-body decay widths I'y, can be expressed as,

- (2 )* B 2n)* )
2myy 2myy 4 (27)

Myn — (mY + mN)z))<mYN — (mY o mN)z)

f we consider the amplitude # as a coupling constant to the YN channel, \/( 2

KNN| This .« is a amplitude for the decay. 2myy

Not the same as the previous onel!!

We can integrate over Q"V", then,

2 2
(S8) e (88) V= ot ) (==

Y

['yp(myy) =

This expression is allowed only for above the m, + my threshold, but we can expand it below

the threshold by the Flatte parametrization as,
( g{fN)z \/ (myy = (my + my)*) (miy = (my — my)?)

87Z'm%N 2mYN

(for myy > my + my)

(k)7 (Ony +my Y = mi) (i = Gmy = my )

(for myy < my + my)
Sﬂm%N 2mYN

I'yp(myy) = l




Cross section & Decay a |- (3 [
R B, Bil={Y), |N
B, N/ \N
The mesonic three-body decay widths T3  Can be expressed as, BZ
Qo )
dlyp g (Myp g ) = M~ Dy
2m
MB,B,
4 —(MB,B,)* =>(MB,)*
_ @) E 1 B, 1O MB1By" 1 Ps JOMB))* <(2ﬂ)3 dm?, )
2myp B, 4(272)6 My, B, b2 4(27:)6 My, % 1
where

—(MB,B,)*

2 2 2
\/<mMBlB2 - (mMBl + mBz) ) <n/lMB1B2 _

(mMB1 - mB2)2>

2mMBlB2

VI

=(MB,)*

0 ) 2
Myyp, — (M, + mg ) ) <’”’”lMB1 — (my, — my ) )

27’}1]\431




Cross section & Decay , g, |n|-(7) [
N

BZ
It we simply consider . as a coupling constant, B
2
EMB, B,

the decay width can be expressed as,

( GKNN )2
MBB, J ~(MB,B,)* —(MB,)*

P P
23miyp p ) 177 By

FMBle(mMBle) — d’”’”lMB1

dmyp (for Myp g, = My + Mg + mBz)

B 3,2

2
% 2 2 2 2 2 2 2 2
K — — — — — —
(gM]g]l\é2> “’nMBle_WlB2 \/(mMBle (mMBl + mBz) ) <mMBle (mMBl mBz) ) \/(mMBl (mM + mBl) > <mMBl (mM mBl) )
mM+mBl 2mMBlB2 2mMB1

- 2 2 2 2 2 2 2 2 2
( gﬁlgll\l’? 2) J‘mMBle‘mBz \/ ((mm1 +mp )" — mMBle> <mMB1 B, — (Myp — mg) ) \/ ((mM +mg )" — myg | | My — (M, — mp ) ’ )
dmy;g (TOr my,p 5 < my, + mg + mg
1 1822 1 2
mM‘l‘mBl

32
32 myp g, 2myp, B, 2myp,

We can also include resonances coupled to MB, or MB, channel by using a proper /.



Cross section & Decay

'“Mm) is @ sum of partial decay widths of all possible decay channels of the KNN.

TGy = Y TEWGm) + Y TR () + 3 TRMY

(m)

['yp(m) =

|

(g8)2\/ (7 = Oy + my)?) (m

(my — mN)z)

8rm? 2m

(for m > my + my)

<g§N)2 \/((mY + my)? —m?) (m* — (my — my)*)

(for m < my + my)

l
l 8rm? 2m

I MBle(m) —

m* — (myp, + m32)2> <m2 — (myp, — m32)2> \/ (’/”MB1 — (my, + mBl)2> <mMB1 ~

2

2

(my, — mB1)2>

3273m?

2
(efi.) = V
my+mg,

2m

ZmMBl

dmyp (for m > my, + mp + mBZ)

2

My,

— (my, — mBl)2>

3,12
32m°m Myghmg,

lH(gA% ) - (5 ma)? =) (7 = O, = ) 3 (= i)

2m

2mMBl

dmyp (fOr m < my, +mp + mg)
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Cross section & Decay
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K~ A
Cross section & Decay p
the double differential cross section of the K—He — Apn reaction can be expressed as, 3H€ n

do 2 [
Apn _ 1 1 ]_5;!; p(Ap)* %A ) a,, = : 8Ap __ o (cos 9*)
dmy,dcos0F  16(2n)° p§_s r My — ™3y — Ml
KNN :
1 1 . 8 2
= T pi pf(\p ) Ap o (cos 0%)

P

CRYV(m) = ) Tyn(m) + ) Tapy(m) + ) Tgan(m)

RC.

Omy — 40 MeV and TV —

100 MeV (fixed), then line shape is

(almost) the same as that

*In

PRC, non-relativistic Breit-Wigner was used.



Cross section & Decay p

x10~° mg + 2my . 3
008k \ — Blue * fixed width (100 MeV) “He n
- . A
0.07- M ypn = 74 (cos0)| <-The same as PRC
— KNN Ap KNN+* KNN
0.06 — ] .
- Black : mass dependent width
< 0.05— KNN
+— _ EAp
‘QCD E '%Apn M2 —m2 — iMs F (m ) - (COS Hji) Error is so hugel!
Q 0.04— KNN Ap KNN* tot Ap
i B *Parameters were set to fit the blue @
D b3 NO.  NAME VALUE ERROR
- 1 2.41689e+00 2.62724e+00 B
0.02 - 2 1.69950e+00 1.15931e+02 ELY
- 3 ©.98810e+01 6.81244e+01 BN
N 4 ©.81960e+0Z2 ©6.82626e+04 RN
0.01— 5 8.84178e+02  8.31748e+05 ELM
_ 6 6.36444e+01 1.15118e+06 ELDON
O_ll ||||||||||||||||||||||||\.:' el 7 1.4478%e+07 1.19851e+006 B35
2 25 26 27 28 29 8 4.11638e+02 1.16775e+06 LR
m A 9 1.33888e+03 1.15010e+06 EfaW
P Originally # of params was three |t 7.23045e-01 1.55019e+02 Elerllisle
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(2m)* 2
do = M X do,
K~ N’ 4p}§_\/g
U
1
_ @Y= | | vy 2 (TYN)*
v =200 I PN || 2 iy i,y dcos 6 d cos 6
‘He N

1 Py 1 oy ! 1y "
dD, = 40 6 dQ™ 6 dQY" | (@m*dmgyy) (2x)'dmg, )
4 (2m) \/E 4 (2rm) MayN 4 (2r) My

do 1 1

dm,yy dm,y d cos 0% d cos 67N 32(2m)5 pg_s

YN)* Y)* 2
pul |ov | Py

‘ \/ <m7%YN — (m,y + mN)z) (mJ%YN — (myy — mN)z)

2m,yy

\/ (ngy — (m, + my)2> (mJ%Y — (m, — my)z)

2mn.Y

\/ (s — (myy + mN/)z) (S — (Myyy — mN’)z)
_ (rYN)*
2y/s

Y)*
Py (7Y)

Py

%
pN/ - ’ ’
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K™ N’
- do _ ] : o | [ pEMr |t gy 2
* / Y
dm yy dm,y d cos 0%.d cos 7N 322x) pig_s N1 ITN
\/ (S — (mgyy + mN’)z) (S — (mgyy — mN’)2> . \/ (mJ%YN — (mgy + mN)z) (mJ%YN — (mgy — mN)2> . \/ (mﬁy — (m, + my)z) (mﬁy — (m,, — my)2>
3He N P ;\’k' - 2\/; , ‘pﬁ’ﬂ ) ‘ - zmﬂYN , ‘péﬂ | ‘ - 2mnY
gn 8y
nYN nY *
M= My My = 3 ans o (cos 0% ) o ( cos 97N
Mp — m2y,, — iMpIR d M2. — m2. — iMo.TY* N N
R YN R* tot Y* Y Y*4 tot
This term determines the m_, distribution.
2 2
dO' 1 1 ‘ % % gRYN gY; | ’ * ’
= 1 [ pENT L ple) = MK+ 4 o <cos 9*,) o <cos o\ rN) )
dmyy dm,y d cos 0% d cos O™ 32(2x) piE-s o 1Pw Py Mg — mzyy — iMgIE, Ty g — mzy — iMy:Tl; N N

As the first step, let us ignore Y* contribution.
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K_ N, " 0_3 Mg + 2mN
U 0.14 - /\ “Parameters were set from the m,, fit.
B ' *All scaling factor were set to|l.
Y 0.12
3He N i />
0.1 AN %A
§ 1.
0.08 — TE)n
0.06|—
0.04
0.02—
O _l | | 1 1 1 / "': - = = N R T LJ-LJ e, V| | [ I
2 2.1 2.2 24 25 26 2.7 28 29 3
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_ do s 1 | 5
K- 7 (K) — = T |Pn p&=*| M
dm,sdcos0F 16(2n)° pi_s
> (V) .
gﬂ'Y
M = - (cos @F
d L M%* — m%z — iMY*F}fj’; ( " )
d o 2
= = —— |pz| | ——=——— | | (cos 6%)
dm_s d cos 6 16(2rx)° pE-s M3 — mZs — iMy:l 7},
[ (g5)° : . (below the mg + my threshold)
pv — M2 + My:Igy) + Mg 125

(¢%)’

(M%* - m%z)z + M%* (Fﬂz + F[ZN)z’

dmgy d cos OF

is as the same. l

(above the mg + my threshold)
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dFY* _ (271')4 2(1) _ (271')4
Y* Y zmﬂy 2 ZmﬂY
Y
M = g,y
r (85)2 \/(mf%Y — (m, + mY)z) (’”’”%%Y — (m, — my)z)
™ 8wm2y 2m._y
(8%)° (O my? = i) (2, = g = my )

— 1
2

—_ JZ'Y k
p) 1 p§ ) JOY)*
4(2n)° Mgy Y

(above the m_+ m,)

(below the m_+ my)
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K
. 27)*
dl'y, = 1w P, =
N
oy
M= 8y

(27)" VE

(mg — mN)Z)

(g}gv)z \/(mI%N — (mg + mN)z) (mIZ{N _
F]Z'Y —

demz,, Dmpy

, (8}5\7)2 \/((mk + my)” = mlng) (mI%N — (mg — mN)Z)

— KN %
1 p](\f ) dQ(KN)*
4Q2n)° mgy N

(above the mg + my)

demz,, DMy

(below the mg + my)



[ M,. = 1.42 GeV/c?

CFOSS SeCtiOﬂ & DeCay Parameters

l 8rs = 8fy =3

mg + my My mg + my
0.12 N
- 0.007 —
0.1~ 13 0.006 |-
i N i
0.08— _ »n 0.005
E KN o -
s % & -
- 0.004 [—
[~ o068 g -
- S 0.003
0.04 o -
i 0.002 —
002 0.001F >
O i | | | | | | | | | | | | | | | 1o | | | | | | | | | | | | | O : | | | | | | | | | | | | | | | | | | | | | | | | | |
136 1.38 14 142 144 146 148 1.5 136 1.38 14 142 144 146 148 1.5

Mass Mass
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%107 i
Mys mg +my, 0.14 - [\ "Parameters were set from the m,, fit.

— B ' *All scaling factor were set to|l.
0.007 | i |

- 0.12— : E
0.006 — - 5 '

B 0.1— ﬂANL
0.005 |— B : §
0.004 — 0.08—
0.003 0.06 —
0.002 0.04 —
0.001(— > i

B L1 L1 L1 R A N R N A N N R I ) A Ry DA e

0—136 138 14 142 144 146 148 15 B R
O L1 IJ [ NS Al L Y S e Lo |
mass 2 21 22 23 24 25 26 2.7 28 29 3

Spectral distortion seems to be much smaller than A(1405) case.
It may due to the difference between two-body and three-body LIPS.
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+ = ot 3
PR PR
S £ & & = £ £ & & =
0.03— ’ AN 0.07— '
B 0.06 —
0.025— ZN -
- % 0.05
. /o . I -
0.2 + A 5 004l
: % 0.031
0.015 [— 5 -
0.02|
0.01 -
B 0.01—
0.005 — O e ]
- o ~0.01/4 L
O|I:I||I:IIIII||1|||I:I|||||||||||||||||||||||||||||| II||1|||I:I||||||||||||||||||||||||||||||

2 21 22 23 24 25 26 2.7 28 29 3 2 21 22 23 24 25 26 2.7 28 29 3
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The cross section can be expressed as,

K~ A (27)* ,
dd/\pn — '%Apn X dq)/\pn
4pE/s
P
where d®, ,, is the three-body phase space of the Apn final state,
3H n N >(Ap)*
C 1 % 1 p( p)
D, = o _ A g <(27r)3dm/2\p>
4(2n)° /s 4 (2m)° My
p(QF) and p*P" QM) are momenta (angles) of n and A in the K~ He-c.m. and (Ap)-c.m. frame, respectively, as,
\/<s —(my, + mn)2> (S — (my, — mn)2> \/(mAp (my +m )2>)<mAp — (my — mp)2>
w| — Apys| _
pn 2\/; ‘pp - 2mAp
R
gAp
M = — - (cos 6’;“)
Mg — mAp iMRLT, . 2
2
dG _ 1 1 p* p(Ap)* gAp ﬂ (COS H*)
n n
dmy,dcos 6F  16(2x)° pE_s P Mg — mz  — iMRI'R,
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BB (D8, K He — ApnRISDSIEUH B0 & WS IMRIRESE T, 74 VALY DEBADEINLBNCDF v Y RILUNTEREZSBOEN

K™ A
P
SHe n
BIOMAMERORRICK T ELTIED S,

dO,DEZTFICIFAED DD 2D\ ApDAREE D fdo/dm,, ([ BRD D D & BN,

L P L *
D = SR To%, 6 Q" | (@njdn?, )
4(2n)° /s 4(2m)°  my,

D& Ulco 22T pi pMWIEENZEN. ApnE

i \/(s —(my, + mn)z) <S — (my, — mn)2> \ ‘p/(\Ap)*

_ "

SR TOnDEEIE. ApELR TOADEENE T\

P




K—°He — ApnRIbZsCiNd B

Apnﬁw: B3 T, DDADTFTA Y RAEVAELOT, AV AEYDE#HED
DEMDIRND T, #HZRIREDFRTERIT 2DON—FMHE (R(E9) dmy,d cos G " 1627} Px-$

THhHhd, EWDTET, T TRHRROBBERK He » ApnRIbZ ik 5 &

ZHIET, EWLWoh, BEMICIE. TORIGUNEERTERETZES

F DO RIGETEEOFRIAN S HFE L T,

(2m)* X 1 1
daApn = %Apn X dq)3 = 3 -
4p}§_\/§ 16(27)° pg-s

‘ | gy, 2
pn

Py

DETRHEEN D,

2
dmy,d cos O

Apn

T dO;DEETHICIFAED 0D 2D ApDAEEE N do/dm, | BEEK

hid % DT,
2% S(Ap)*

d®; = L P dQ;: L _Pa dQM” <(27t)3dm/2\ )

42m)° \/s 427)° My g
EUfco ST piv pMWIEENEN. ApnEDRTOnDEHE. ApEDFR
TOADEHE T,

\/<s — (mAp + mn)2> (S — (mAp — mn)z)
pn| = ‘

2V/s
\/<mAp (my +m )2))<mAp — (my — mp)z)

‘ (Ap)*

2mAp

THB, EWSZET, BIRD B Bmy,EKNN,_, (K pp) BNER U fo & ECH

=

|

[T

FICRInDAE., cos @[ DWTD 2 BEMDHIEEDN.
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‘ L O>YNN - 2

1 1 2 |
5,+5> =gAN‘Ap>+gZN<\/; ‘Z+n> _\/; ‘Zop>>

YN

M pp = (Do | Ty, | KHE) = <Apn 72| ANN’> <ANN’ 70, +70, ] K‘3He>

-

o) Transition operator to the ANN' final state in the isospin I, channel

/
)

TU»¥) : Transition operator to the AN channel in the isospin I, channel

AN
‘K_3He> _ \/I ( ‘K‘3He> + ‘3HeK_>\ 1 (— ‘K‘3He> + ‘3HeK_>\
2

\ \/5 ) ’ \ \/5 )
I=1 I1=0
I (NApn>+-NAnp>\ 1 (NApn>-NAnp>\ 0 P s " . ,
| Apn) =1/ 7 | +1/5 7 | (D = <ANN ‘TANN,‘ K He> (D = <Apn ‘TAN‘ ANN>
I=1 I=0
* /A — lt(l) lt(l/z) + lt(l/z) — lt(o) lt(l/z) — lt(l/z)
Apn 7 ANN'\ » "Ap y An 7 ANN'\ » "Ap y An

1

1
— 2 [ (1) _ (0) —(172) [ 4(1) (0)
/Y (tANN’ tANN’) T 4tAn (tANN’ T tANN’)

uK_ppH uKOpnn
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1 1
— _172) [ (1) _ £(0) = (12) [ (D) (0) = A(s) 1172 + B(s) (12
A Apn 4tAp (tANN’ tANN’) T+ 4tAn (tANN’_I_ tANN’) (5) Ap T ()1},
g/)\(N

(172) _
t = . .o ( O AN)
AN Mg — mg — iMxIT'R,

do-Apn 1 1

PO | My, PDRIZVATE, E<DDBBUREES

P

dmy,dcos0F 1627 pi.s
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doy 1 1
K _ " y,
" dmy,dcos 0  16(2x)° p§_s Pr | |Pp Apn
A
i \/<s — (my, + mn)z) (s — (my, — mn)2> . \/(m;\p — (my + mp)2>)<m/\p —(my —m
3He p ‘p ‘ ) 2\/3 ‘pp ‘ B 2my,,
R
SA
M = £ o (cos (9;f)
MIZ@ — m/Z\p — MRl 7y,
2
R
ad S : pi| |pSM” oA o (cos 67
dmy,dcos@y  16Q2n)3 pf-s U7 1 1Y Mg — mg,, — iMgL's, "
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(2m)* 2
do = M X do,
K~ N’ 4p}§_\/g
U
1
_ @Y= | | vy 2 (TYN)*
v =200 I PN || 2 iy i,y dcos 6 d cos 6
‘He N

1 Py 1 oy ! 1y "
dD, = 40 6 dQ™ 6 dQY" | (@m*dmgyy) (2x)'dmg, )
4 (2m) \/E 4 (2rm) MayN 4 (2r) My

do 1 1

dm,yy dm,y d cos 0% d cos 67N 32(2m)5 pg_s

YN)* Y)* 2
pul |ov | Py

‘ \/ <m7%YN — (m,y + mN)z) (mJ%YN — (myy — mN)z)

2m,yy

\/ (ngy — (m, + my)2> (mJ%Y — (m, — my)z)

2mn.Y

\/ (s — (myy + mN/)z) (S — (Myyy — mN’)z)
_ (rYN)*
2y/s

Y)*
Py (7Y)

Py

%
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K- N do 1 1

— (YN )*
dm_yy dm_y d cos 6% d cos 0" 32(2m)° pi-s

| 2
Pl |y py | M

T
Y
N

\/ (S — (myy + mN’)z) (S — (myy — mN’)Z) - \/ (mJ%YN — (m,y + mN)z) (mJ%YN — (m,y — mN)2> . \/ (mﬁy — (m, + mY)z) (mﬁy — (m, — mY)2>
3He p;\’j, - 2\/3 , pji’ "= 2m,yy , pl(/ "= 2m.y
gx Sy
YN Y %
M= My My = | e A oA (cos 6% ) o ( cos @)
" M3 —m2,, — iMgIR d M2. — m2. — iMo.T'Y* N N
R YN R* tot Y* Y Y*4 tot
y) y)
do 1 1 ‘ ) ) gR gY* | 2 * )
= x| [ plrh) ‘ (z¥) adl N+ il o (cos 8*) o (cos g\ N) )
dm yy dm,y d cos 6%, d cos YN 32(27)3 p§-s AR Py M3 — m2,, — iMgI'R, S M3, — m2, — iMy.I'Y N N
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9 50. Resonances

50.3.1 The Breit—Wigner parametrization
The relativistic Breit—Wigner parametrization provides a propagator for a single, isolated res-
onance,
_ No(s)
M]_%)W — S — ’iMBwf(S)

where Mpw is the Breit-Wigner mass, and I'sw = I'(M3y,) is the Breit-Wigner width. The
function I'(s) is determined by the channels that the resonance can decay to. The numerator
function N,(s) is specific to the production process. It includes kinematic factors and couplings
related to the production process and the decay. Breit—Wigner functions with a s-independent
width are justified only, if there is no relevant threshold in the vicinity of the resonance.

To give a concrete example, we consider a resonance observed in the channel a, that is also

A(s) (50.23)

coupled to a set of channels labeled by index b = 1,2, ..., with the orbital angular momentum /.
Couplings to the channels are denoted, g;.
Ny(s) = agg ng(s) (50.24)
1
I'(s) = — 2 op(8)n2 (s 50.25
() MBW%:gbpb( )1y (s) (50.25)

where the factor n,(s) includes the kinematic threshold factor ¢'s, and the barrier factor Fj_ (ga/qo)
that regularize the high—energy behaviour:

na = (¢a/20)" F1,(qa/q0) , (50.26)

with [, being the orbital angular momentum in channel a, ¢,(s) is defined in Eq. (50.5), and
go denotes some conveniently chosen momentum scale. The factor (g,)! guarantees the correct
threshold behavior. The rapid growth of this factor for angular momenta [ > 0 is commonly

compensated at higher energies by a phenomenological form factor, here denoted by Fj_ (qa,qo)-
Often, the Blatt-Weisskopf form factors, F;(q/qo), are used [50-52]:

; (50.27)
Fi(z) =1/(1+2%),
F22(z) =1/(9+ 322 + 24) :

with the scale parameter R = 1/qp in the range from 1 GeV ™! to 5 GeV . Instead of using coupling
constant in Eq. (50.25), one can define the energy-dependent partial width:

Pp(S) ( b >2lb Fl%(vaQO)
po(Mgw) \ar/ Iy (@R, q0)

Here g,r are the values of the break-up momentum evaluated at s = M]_%)W. The substitution
is possible only for those channels where the threshold of the decay channel is located below the
nominal resonance mass, otherwise, Eq. (50.25) should be used.

The Breit—Wigner parametrization provides an effective description of resonance phenomena.
However, the parameters agree with the pole parameters only if the resonance is narrow, isolated
(no nearby resonances in the same partial wave) and the background is smooth. Otherwise, the
Breit—Wigner parameters deviate from the pole parameters and are reaction-dependent. If there is
more than one resonance in one partial wave that significantly couples to the same channel, it is
in general incorrect to use a sum of Breit—Wigner functions, for this usually leads to a violation of
unitarity constraints, and hence, a non-quantifiable bias to resonance properties which are inferred
from the reaction amplitude. In case of overlapping resonances in the same partial wave more
refined methods should be used, like the K-matrix approach described in the next section.

(50.28)

11th August, 2022
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Decay (taken from PDG “Kinematics”)

27)4
Ir — (2 ]\} |2 A, (P; pr ..., po).
A ) 4 4 S(Ap)*
dFAp _ (2m) Yy 2(132 _ (2m) 2 1 6 Pp dQl(pAp)*
R 2my, 2my, 4(2m)° My
p M = gffp
R\ R\ L —(my+m)* Xy — — m,)
EAp (g/\ ) mpp = (M +mp)” ) | my, — (my —m,
r — >(Ap)* P
Ap — pp —
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Non mesonic
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Cross section & Decay
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