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3.1 T IER =4

 Hyperon baryons in quark model

Bottom level: SU(3) octet baryons

_ 1 Bottom level: SU(3) decuplet baryons
with | = >

with J =%



Specific processes

1.A - prt~ as polarimeter
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In the A CM system, amplitude reads
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Parity violation allows S- and P — wave, 1;(1,) is the two-

component spinor for A(p)



Using: Y, =31+ 9-0),
¥ =101+ §0).

0,0, = 0; + i€;,0,

¢-(mxXn)

Tro,0,0, = 2ig;,

Tro,0,0,0,, = 2(6,,6,, + 6.,8,,— 8,0,,.).

W(n,§$,n)~|M|*~Tri(1+¢§-0)(S+ Po-n)(1+17-0)
X (S* + P*o - n)]
~{ISPA+9-8)+[PP(1+2(n n)§ n)—n-5)
+ (SP* + S*P)(m -n+§ - n) + i(SP* — S*P)¢[n - n]}



~{l+a(np-n+¢-n)+B - mMxn)+yn-§
+(1=v)(n-n)($-n)}.

Lee- Yang parameters:

SP* + S*P .SP* — S*P |S|*— | P|?
@ — 2 2 B:I 2 2° L 2 2"
S|+ | P| |S|°+ | P] |S|°+ | P
o+ B2+ yi=
Comments:

- R FINAEARN, () =0, WH) ~1+anp-n
WMRAZIEWRITT, () =0,W() ~1+al-n
- —BRT, BTFRRUEREN

P_n(a+n-n)+,8n><n+ynx(n><n)
B 1+an-n




Angular distribution in helicity amplitude

* Lee-Yang parameters in terms of helcity amplitude

e.g. A(41) » p(A)m™, angle: (6, ¢), amplitude: Hy,

S-and P —wave in terms of H,

2 +1\?
‘JM€3> = Z<2j+1) (POSA|TA) (51 A182 —Ag|sA) [T M A As)
Al A2

1 1
S =\/—?(HJr +H_), P =E(HJr — H_),where HL = H 1

_ [Hy?=|H_|?

: _ i _ i5_
A= L T assumming H, = h, e'°t, H_ = h_e

Normalization: |h.|? + |h_|? =1



Angular distribution in helicity amplitude

* Lee-Yang parameters in terms of helicity amplitude

.3A=\/1—a,2\5inA, yA=\/1—a,2\cosA,withA=5+—5_
Satisfy: az +fBx +vi =1

* Angular distribution

1—-P 0 )’

Given A spin density matrix pA = ( 0 14 P

1/2% 1/2 2
M2 = 2 PR Dy ($,6,00D,/5 (,6,0) |F,|
AAT A4



Asymmetry angular distribution

dN 1
(1 + aAP q) =1 — (1 + apPpcosb),)

C- and P- transformation
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8.8 _[B[-]

o, = — " o = — If CP Invariance:
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CP invariance:
B, =num,n,(-)"""B, =-B,



Proton polarization from A—-pm

|3 :(OL +|3A'Q)q+l3 (|3£XQ)+YQX(|SAXQ)
P 1+aP, -§)

e If P, =0then P, =aP, -q VP, sing 0+P, 05
e T—odd transverse polarization 1+ 0P, cos 1+aP, cos0
B=0 /
e If CP is conserved:
_ = pa_._n BP, sin®
o= a! - b .
B B 1+aP, cos6

y=yand I =T
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Some CP-odd observables

Aei—L A=2LTC
I'+1 o—Q
B:3+E B’=B+E
3-P3 o—Q

O A, at 10° level by CKM matrix, PDG: 0.006 +0.021

0 Asymmetries B, B’ require knowledge of both
parent and daughter polarization



Previous Measurement

o FORA — pr—

VALUE EVTS DOCUMENT ID TECN COMMENT
0.642 + 0.013 OUR AVERAGE
0.584 +0.046 8500 ASTBURY 1975  SPEC
0.649 +0.023 10325 CLELAND 1972 OSPK
0.67 £0.06 3520 DAUBER 1969  HBC From = decay
0.645 +0.017 10130 OVERSETH 1967  OSPK A from 7 p
0.62 £0.07 1156 CRONIN 1963  CNTR A from 7 p
a, FORA — pnt
VALUE EVTS DOCUMENT ID TECN COMMENT
—0.71+0.08 OUR AVERAGE
—0.755 +£0.083 +0.063 ~ 8.7k ABLIKIM 2010  BES T/ — A4
—0.63 +0.13 770 TIXIER 1988  DM2 T/ — A4
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Most earlier measurement on a_

CNTR 3E4, m~+p->A+ K"
FEMRA I ATE RS P A I p AR N e,

Phys.Rev. 129 (1963) 1795-1807
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Rasp B AT LS ke = =
c3
Ca
8]
proton q
S a d
P Qsin€ ;/ C1 cz ,.a"
B2 = 4
P “s<profon in lab iy
7~ Beam gl
—ﬁ Py
_F A
pion
Y . Polyethylene
_=pion in lab
P4 -SCINTILLATOR
IZ BA - CARBON
e FrG. 1. Schematic diagram showing arrangement of apparat
=A"d I g g pparatus.
3 xz=A decay plane An examgle of an event has been sketched in.
b ,r'
Qsin€a, 6, ' 1156 events
- _
% 7 i1 NN (§)=0.565
Ve . y
% ™ (S)(sine) N+ (sine)=0.84,

W () = 1 + aSsine cosy

a=0.62.



* Folding law for sequential decays

Consider decay
> AT, A-> pnt”
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Method I: merge angular distributions of two step decays

Wz (Pg, Pp, Gp)=1+az(Ps - Gp + Py - Gp) + BPp - (Pz X §,)
+y Pz - Ga+(1-y)(Pg - Go)(Pp - G4)

W(Pp0,4,) =1+ apPy- 4,

W = Z(W: (Pz, P, Ga)W (Pa, 0, @p))PA

Pp
=1+agPs - Ga+azandy - Go+apP G - (Pe X Gp)+any (Pz - §p)
+(1 —y)(P=- Ga)Gn - Gp)
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 Method Il: polarization transfer

A polarization :
_qalaz + Pz -qp) + B(Pe X Gp) +vqa % (Pz X g4a)
1+ azPz - 4a

Py

In A CM system, if proton polarization is not observed, then

W ~1+ aAPA . q\p
- 144 dnaGp(az+Pz-Ga)+Lqp (PeXqa)+ydp [GaX(P=Xqa)]
A 1+azPz-4a

~ 1+ agPs - Gpatazapgp - Gprapf G, - (Pz X 4,)
+apy(Pz - Gp) + (1 —¥)(Pe Ga)Ga - Gp) an

If Zisunpolarized, then Pz =0, has W =1+ aga, cosb,



The HyperCP Experiment at Fermilab

Obtain =" > An~ and =" - An" yield A and A samples
having polarization absolutely determined by the = and =*
decay parameters:

P, =00, P: =005
In the A and A helicity frames: PRL93,262001 (2005)
dN dN
*—=1+o0.0,C0S0 " — =1+o0-0; COSO _;
dcos®,, - dcos 6. ; - P
A_, =(0.0+5.1+4.4)x10™"
AT A —pr ET > At A—pr’
slope = a0ty slope = og03
dN \ AN \
deosB dcost

cosO cosb



Helicity method for sequential decays

* Example:ete™ - y* > AfAZ, Af - Ant,A > pr™

He||C|ty M - /112,2 /11 - /120 /12 - /130

angles 0, ¢ 01, P4 0,, ¢

amplitude Ay 2, B;

3
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Helicity method for sequential decays

* Example:ete™ - y* > AfAZ, Af - An™,A - prn~ (cont.)

|M|2 X z DM/‘ll Az (¢ 0, O)DM/l’ /’lz(gb'e’ O)A/ll»lezplz

M=i1,/1i

1/2x* 1/2 *
X D;!% (1,61, 00D,/ (1,61,0)B,, B i

1/2 % 1 2
X D;/3 " (¢2,02,0D,/% (62,62, 0|y, |
Decay conserves parity, one has

A1 1=411,4A 11 =41 1

2’ 2 2’2 2’2 2’ 2
o B 1B
« 1B 7+ 1B
B (o [
C,IZ+1CT?




Helicity method for sequential decays

* Example:ete™ - y* > AfAZ, Af - Ant,A - prn~ (cont.)
dN

d cos 0,
 FOCUS experiment: Phys.Lett.B634, 165 (2006)

< 1+ ap apcosb,

» FOCUS, y* (beam) + BeO(target) » AL +X
> Assume unpolarized A%, Ais polarized longitudinally with a,, degree
» Polarimetry: A - pm™

8oo | M7~ distribution

o
(=1
(=]

?MA,T+ distribution FOCUS:

Phys.Lett.B634, 165
+
Ac

Events/5 Mev/c?
Y =]

8 S
Events/5 Mev/c?
(o]
=3
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Previous measurements of AL asymmetry
parameters (cont.)

: + + — -
ap, :for Az = Am ag, :forA; = Am

1+ ap apcosb

s - 776 + 55 events ~

Fixap = —ay = 0.642,
Yield: @y, = —0.73 £ 0.21

PRI IR | I Lo T i I PRI | I | L
0
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

1+ az azcosf

+

637 +34 events

e
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T

e
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A, acceptance corrected, normalized yield
A_pap 8cceptance corrected, normalized yield

@
F-9
[
e
s
[

Fixap = —axy = 0.642,
Yield: az_ = 0.84 £ 0.22

|||||||‘||\|\||||||||\|||\||\|
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After bias correction: a, = —0.78 £ 0.16 + 0.19, A = Phc” e _ —0.07 +
¢ a'Ac+a1—\C
0.16 + 0.19

20



lU-u

3.2 LR H he-F ARl &=
e Determination of )™ spin [PRL, 97, 112001(2006)]

> Babar L =116fb"1, using ZY > Q"K*, O™ - AK~
A
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J=1/2: dN/dcos#, « 1+ Bcosb,
= 3/2 : dN/dcos), = 1+ 3cos’8, + Bcosh,(5 — 9cos?8,)

J=5/2;
dN/dcos8, « 1 — 2cos’8, + 5cos*8, + Bcosb,(5
— 26c0s°8, + 25c0s*8,),
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e Determination of )™ spin [PRL, 97, 112001(2006)]
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* Determination of Z.(3900) spin

>]Z:1+

dJ M|
d cos 0,

»Jz=1"

dJM|?
d cos 0;
» Jz =27

dM[?
d cos 0y

> ;=27

dIM[”

1+ cos® 0
dCOSQgO( + 0

x 1+ a;cos?0; (i=0,1),

)—f

FRR B = (22

Jig

et >

ZE - nt

— +
ete” »y* > Zn™,

x 1+ cos”0; (i=0,1).

x 1+ a cos? 0o,

dIM[?

d cos 04

x 2+ cos(2071) + cos(46).
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* Determination of ZC(3900)J—r spin
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PRL, 119, 072001(2017)
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3.3% 8 B 3 AR (isobar FR2Y) H [n] i

* jsobar model

eg.efe” »y* > atn~J/Y via

Warning:

7’
J /¥ quantization axis lies different
direction in m*-J /1 and m~-J /1 system, so ]/II}
that sum of these two isobar processes can L} _ - -
not give correct interference effects. “, -

T -] /Y syster?m
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3.3% 8 B 3 AR (isobar FR2Y) H [n] i
e isobar model

This problem is addressed in the BELL and Babar analyses.

Belle, Phys. Rev. D 88, 074026 (2013).
LHCb, Phys. Rev. Lett. 115, 072001 (2015).

A, rest frame ]
g A rest frame

P. rest frame

p rest frame

Proton in pentaquark and A* system has different quantization axis
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3.3%1H 2 B AR (isobar #5578 i i) /5

 Coherent amplitude for sequential decay

For Sequential decay Refer to PRD95, 076010
]—)Sl+52, Sl_)S3+S4-' z,\Ss 2
yf

AI(91392?¢19¢2;J9 M? mz,m3,m4)
— E 59 53 81 54

A1s42,43,44

82
s J
x D, _; (¢2,0,,0)Dy;; _; (¢1.01,0)

Sp* s J 51
X D/11,/13 —A4 (ng, 05, O)Fﬁuﬁz F/13 g



Questions and exercise

o HESFUL NI A A, RE R
AR, FHARCR M%A =0, Q%24
ALK . [see Chin.Phys.C41, 023106(2017)]
¢ (1) AL > Ant ,A - pr~

e (2) B2 Emt, BT > An~,A > pr”

e 3) >0t 0 > AT, A > pr”

* (4) Af > 2T, E% - yA A > prT (IR




