Dalitz Plots |

A powerful method for visualizing the
dynamics in three-body particle systems

Stephen Lars Olsen

Graphics from Brian Lindquist (SLAC)

Rlchard Dalits 1925.20



Fermi’s Golden Rule for 3-body decays
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Old-style versus Modern style
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here symmetries are more obvious
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Resonance with spin

If the resonance has spin' S, and M, 1,2 and 3 are
spin-0, then decay amplitude is proportional to
Legendre polynomial:
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Resonance spin
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Constructive interference
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Destructive interference

Magnitude

2 T T
12

25—
2

1.5

1_

05

o R .'.:.5.*;- S G
o2 R A B 2




crossing resonances




D’ K n'n” from CLEO
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FIG. 3. The Dalitz distnbution of all 7070
D' K~ 7w m’candidates in our data sample shown in an unbinned

scatter plot | wopp et al, Phys. Rev. D 63, 092001 (2001).
“Copyright (2001) by the American Physical
Society.”




D’ -K.'n~ from Belle

Invariant mass histograms don’t give a clue about the physics
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D’ -»K.'m~ from Belle

Dalitz plot tells all!
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Details

Resonance

Our fit

Amplitude

Phase, deg

Br. %

K*(892) «t
K p°
K*(892) 7~
K.w

K fu(980)
K fo(1370)
K, f»(1270)
K;5(1430) =t
K5 (1430) =t
K*(1680) ="
Ko
non-resonant

=

=

=

1.643 + 0.025
1.0 (fixed)

(10.6 £1.1) x 102
(13.5+2.5) x 10°?

0.413 +0.014
0.52 + 0.08
0.70 + 0.05
2.00 +0.09
1.13 +£0.06
0.91 +0.16
0.93 +0.14
4.29 + 0.32

133.84+ 1.3
0 (fixed)
315+6
104+ 11

199.6 + 2.5

12.7+6.6

340.0+ 3.6

—-5.6 £2.8

3124+ 3.3

197+ 14
1922+ 7.8

311.6 +£4.3

60.7 + 1.8
225+ 0.7
0.28 +0.06
0.14 4+ 0.05
5.3+04
0.69 +0.21
0.22+0.03
5.5+ 0.5
3.6+04
0.34+0.12
4.1+1.2
0.41 4+ 0.06




pp =-K " (K") atrest
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Dalitz plot symmetries

— 0_.0_0
only Ispin=1 allowed pp—>m mwmw atrest

symmetry axes

for J'L';) =N 77:;.)

C.Amsler et al., EPJC 23 (2002) 29
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Example:

Ispin=0 = (I*xI )eI°=

—

available vectors: p_,p ,p,;
axial vector: g= ﬁ+ Xp =p
J'=1=(-1)"?

?mustbeg: <&togetJ=1andP =-1
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max at p, = p_ = p, &= center
0 when any |f9| =0 :&= boundary
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1 =000

zgijinIjIk &1 <> j asymmetric

Phys. Rev. 125, 687 (1962)
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Data rules out 1* and O

1+ Meson

s D e i 0 at (ﬁi :ﬁj) & center & diag lines
1I":M~<E (p,—p,)+E(p,—P)+E (b_—D,)

max when any p, =0 < boundary

‘;(\:F\.
\/ Oat (E =E ) <center & diaglines
0 : Mo<(E —E )(E,—E ) —E) !
max whenany E, =m_ < boundary



simple non-trival case: P=a R; R=2b c

P=0
C
=0 IP=0" JP=1- b



3-body decay P->aR; R =2b+c

where P has J’=0-and a, b & c are pions or kaons

P=0
¢ Energy-momentum
conservation
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mg not fixed; has a BW resonance form:

- i«/mbcro

(mg — mlfd)— im,I',

(mT,)"
gte(BW) = 2 02 02 272
(m0 — mbc) + mOFO
Sm(BW) — mOFO (mg _ m:C)

2

% 212
O_mbc) +moro




Fermi’s Golden Rule

)= (27) 32\/7
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D2K*m; K¥*2>Ktt
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Fermi’s Golden Rule

1
: 3 ‘M‘ dm’ dm’
(27)" 32 m, p

dI'(m’ ,m* )=

ab’’  ac

2

s 0 0 /
|M‘ —‘APBWP XY, (cos6 )+A . BW, Y (cos6,)

iym, T i‘/m_+1“*
=|A Tz P Y’(cos6 )+A,, Kn R Y’(cos6,)

- P 2 2 o 2 2 _ g
(mp m”+ﬂ_) lmpr (m,. mK_n+) im,T",.

A and A, : (complex) coupling strengths

mKﬂ;\ forD>Kp &D—>K*rx
5 e m,I' &m I <fromPDG tables
m P P K K

K7™ | max
m., & m_ ., < measured quantities
cos@v & cosGK < inferred from m__ & m_ .

. Interference happens here
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Some Dalitz Plot relations

l_ja+ﬁb+l_§c=0
E+E +E =M,
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questions/items for discussion

» \WWhat are these dark lines
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= Why only [JJ;>=]10>? ... why no [J/;>=|0+1>?

=0

= Check the formulae in the preceding slides
-- report errors to me



