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Rare decays show deviations from the SM predictions
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Differential branching ratios and angular observables
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doi: 10.1393/ncc/i2017-17171-9 arXiv:1705.05802 LHCb Paper 2018 040

Lepton Flavour Universality (LFU) tests
Only few measurements with b-baryon decays
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https://arxiv.org/pdf/1403.8044.pdf
https://arxiv.org/pdf/1512.04442.pdf
https://arxiv.org/pdf/1506.08777.pdf
https://cds.cern.ch/record/2680819/files/fulltext.pdf
https://arxiv.org/pdf/1705.05802.pdf
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2019-040.html

Our favorite decay

Our favorite b-baryon decay : A, — A(1520) " p1~

Status as seen in —

Overall

Particle JP  status |[NK | Zm Other channels

A(1116)  1/2F s N (weak decay)

A(1380) 1/2° *ok Hok *x

A(1405)  1/27 ook ook | ok

IA(1520) 3/27 ek ook | sk Arm, Ay

A(1600)  1/2F ek [k | worr A, 2 (1385)m

A(1670)  1/27  swokk fsokkx | sokonok An

A(1690)  3/27 ks | ok Amm, £(1385)m

A(1710) 1/2F o« -

A(1800) 1/2=  wwx  [wex | wx Aww, D(1385)m, NK*

A(1810) 1/2% ook Hok *k NK,

A(1820)  5/2F sk sk | sk 2(1385)m

A(1830) 5/27  kwkk [sokkx | soknok 3(1385)m

_ A(1890) 3/2F  wkxr  fewrx [ xx $(1385)r, NK*

Strong decay of A* — pK A2000) 1727 = « | o«

A(2050) 3/2~ =« P -

A(2070) 3/2F * * *

A(2080) 5/2-  * -

A(2085) 7/2* Hx Hok *

A(2100)  7/27 sk ok | sk NK*

AQR110) 5/2+ ek [k | o NEK*

A(2325) 3/2-  x *

A(2350) 9/2* ok Hokk *

A(2585) * *
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Why do we focus on the A(1520) resonance ?

/\(1520) dominates

fg 3 Ao — pK—p+ HLHCb @ Rare mode is statistically limited — full
g e H+ # amplitude analysis not possible
g 30 7 . . .
5 1 +++ |y ] @ A(1520) resonance is dominating
= L
na H++++ +++++ E @ Standard Model prediction of angular
. o distribution
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m(pK~) [MeV/c?) ;
)
_ /\b_>pK7J w g .z ]/1/%‘17(25)
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S (P ~ean
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1200 A(1670) B -~
S e AP
-2 s Ty
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o]
L T Knowledge from tree-level decay A, — pK~J/4):

oo A(1405) and A(1600) under A(1520) peak !

arXiv:1912.08139v2 (top), arXiv:1507.03414 (bottom)
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https://arxiv.org/pdf/1912.08139.pdf
https://arxiv.org/pdf/1507.03414.pdf

Selection of the A, — A(1520)p" 11~ decay

Distinguish rare mode from cc¢ Decay topology :
: 2 __ 2.
resonances via g= = (2my)* : e
1 .
]/1,,(15)/ Charmonia »
1 PV A”sv K
a & ¥(28) p gt p pu

d¢?

4 s € s )
Photon pols intrference Long dstance, Detached A, decay vertex, where all the
~ ) B Ee traces come from.
i 5 A8y,
2 N
4my —> ¢

q%[GeV/c?] €
{[0.1,3],[3,6],[6,8],[1.1,6], [11, 12.5], [15, 16.8]}

The rare mode is sensitive to New
Physics !
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Fit model

Angular observables

A2 rest frame

A* rest frar;e ‘ dﬁ = dcos Hed CcoS 9pd¢
(s a*r . . :

.......... I —— E hysics; x kinematics;
dqde pny i d

£1¢" rest frame

i

= ?TZ ZLi(q27C«,ff) x f(9)

(0, 0p, @) in helicity basis

C = Wilson Coefficients — short distance
part — sensitive to NP
ff = form factors — long distance part

Observabiles :
o Li+L _ Li—L
" d(T+T)/dg?’”"  d(T +T)/dg?’
3(Lic + 2Lc)

¢
Arg =

2(L1cc + 2(L1ss + LZCC + 2L255 + Lass))
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Angular observables sensitive to New Physics (NP)

Observable predictions through flavio

@ based on Ay, — A(1520)¢7 ¢~ phenomenology with lattice QCD or QM form-factors
[arXiv:1903.00448, arXiv.1108.6129, arXiv:2009.09313]
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(ALg) (A — A(1520)* pi7)
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Separation between Standard Model (SM) and New Physics model C}* = —1.11.
LHCDb could start to be sensitive to NP with full Run1+2 data.
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https://github.com/flav-io/flavio/pull/118
https://arxiv.org/pdf/1903.00448.pdf
https://arxiv.org/pdf/1108.6129.pdf
https://arxiv.org/pdf/2009.09313.pdf

Angular PDF of A/, (i.e. A(1520)) in HQlimit

Simplifications :

8 dr
@ Heavy quark limit (m, — oo) "3 dg2d cos fyd cos O5-do
@ Normalization (& = 1): =05 O+ (L1 08y + Lice €05 s + Ligs sin” 0r)

+ sin? @« (Loc cos Oy + Lace cos? g + Logs sin? 6,
1/2L1cc+L1ss: 1 .2 (e .9 ;C . 2ss . )
AZ - 3/4[_ + sin” O« (L333 sin® 6y cos” ¢ + Lyss sin” 6 sin ¢ cos ¢)
- 1
FB,3/2 ¢ + sin @p« cos O~ cos ¢(Lss sin by + Ly sin 0y cos 6;)
Q CP-average (L; — S)) + sin O cos Op~ sin ¢(Les sin Oy + Lese sin O cos 0y),

arXiv:1903.00448, arXiv:2005.09602

Sy a'r ~ 1
3 dg?dcosf,dcosbpdp 4

1 4+ 3cos? 6 1-— 1S1CC 1 — cos? 6,
P 2

4
+ Siec cos® p + §A£B_’3/2 cos 6y)

Angular PDF is only dependent on cos ; and cos 0,,.
¢ integration, instead of using the HQIimit, is under investigation.

Felicia Volle (IJCLab Orsay) Ap — /\(1520);4*' no 19th May 2022

8/21


https://arxiv.org/pdf/1903.00448.pdf
https://arxiv.org/pdf/2005.09602.pdf

Fit model

Angular PDF of A, (i.e. A(1405), A(1600))

Simplifications :
= ¢ = _ ap
o St d . K(q%.cosfy,cosby. o) = ﬁd—l s
rong decay : 3 dg2dcostydcosfydo

a=20 which can be decomposed in terms of a set of trigonometric functions,
e Normalization: K(q%. cos by, cos By, @) (Al s SN2 0y + K o cos? Oy + Ky (()591)
_ .9 | >
Kice + 2Kiss = 1 —rsin oo bt eos oot
£ _ . . . .
AFB,1/2 = 3/2Kj, -.-(4.-,- e
LI H vl L H/ B W
i freostr——ferrsinfrsinrfry

© CP-average
arXiv:1410.2115

8 d*r 1
— ~_(1-K — cos? K 2
3 dg?dcosf,dcosbpdp 2 (1 tec) (1 cos 94) + Kico cos™ 0o

2
ats §Af—'B,1/2 cos By

Angular PDF is only dependent on cos 6,.
K parameter encode information about A, resonances in mpx window.
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https://arxiv.org/pdf/1410.2115.pdf

Fit strategy / physics PDF

@ Fit pK~ mass spectrum with
PDFimass = f3/2[BWrei(Mpk', Ma(1520) T a(1520))IZ + (1 — 5 /2) Polynomialog (Mpk, a1, a2, @)

by flxmg M/\(1520) and F,\(1520) to their PDG value, L/\b_ﬂ\*“‘u =1, L/\* —pK = 2,
m, =5GeV~!, rn« =3GeV~!

@ Extract f3/2
© Fit angles (cosy, cos b)) with

PDFang = f3/2PDFang,3/2(Af:3,3/27 S1 cc) + (1 - f3/2)PDFanguIarJ/Z(A/Z:BJ/27 Ki cc)
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Realistic samples

@ Monte-Carlo generator developed by A.Beck, T.Blake and M.Kreps

@ Full angular distribution of A* mass spectrum

@ Resonances might have global complex phases between them

@ Only phase differences are important

@ Generate random phase combinations for phase differences Av405 /1600 :

phase combination  At1405  Atieoo

0 0.00r  0.007
1 1.387 1.937
2 1.107 1.617
3 0437  0.627
4 0.067 1.387
5 1417 0.707

Felicia Volle (IJCLab Orsay) Ap — A(1520)ut ™ 19th May 2022 11/21



Fit realistic samples

@ Fit mixture of three individual resonances, namely the A(1405), A(1520) and
A(1600)

v" No interference
v~ Validation of fit model without interferences

@ Fit samples with random phase combinations

v Interferences of A(1405), A(1520) and A(1600) are included
v Adapt fit model

Color code : distribution of the A(1520), A(1405) + A(1600), total PDF
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Fit mixture of three resonances without interference

Exemplary for one of the g2 bins, but similar for the others :

= T T T
o01f LHCbunofficid  cP16,8] Gevaict

T T T T
LHCbunofficia  fC[6, 8] Geva/ct

E 3 2 pa T T T 3
3 02E E 3 3 0.08F LHCb unofficial Prl6, 8] Gev/ct —
é 02 4 = £ 007 E
0.18F 4 & o
E E| E =5 E
S 016 - B B 006 T g
—014F E % % 005~ ~ 3
orfp EE Eomf AN E
5 o1F i 2 ] N
5 008F- 3 - 003f- N
Noosf- E 002f N\ 3
Tonf E
‘go.oz; s — E 001F !
0 1.‘48 1.‘5 1.‘52 1.‘54 1.‘55 =1 *D‘ 5 6 0‘.5 =1 4(‘).5 6 0‘.5
@ o 0
2 t i 2 4 2 i
3 opterrttettypptedad EOE*HHHH*H,* Frt] E"E*u*’“ﬂ“”;”*r
5 - .
X - 1 35 0 05 T =05 y 05
m(pK) [GeVIc?] cos(@, cos(6;

Fits converge nicely and the projections look reasonable
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Shape of realistic samples with interference

z 10
— 0 5
! £08
2 E
3 0.6
20 !
N 04
— 1405
10 — 16
1600 0o
— 1520 of
0 " 0.0
148 1.50 1.52 1.54 1.5 ~1.0 -05 0.0 0.5 1.0
m(pK) [GeV/e?) cos 0

arb. units

08
0.6

0
-1.0 —05 0.0 0.5 10
cost,

No impact of interferences on m(pK~) and cos 6,, but changes shape of cos 6,
even with few A/, events !
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Update angular fit model

Adding interference terms proportional to cos 6, and cos? 6p to the angular PDF of

the /Ay /> resonances.
1 2 2 4
PDFang = f3,2 1-— 58100 (1 — cos 9[) + Sicccos” O, + §AFB,3/2 cos 6y
1 3 5
X (Z + 7 s Qp)
1 2
+(1- f3/2)(§ (1 — Kice) (1 — cos® 94) + Kiee cos® 0y + §AKFB,1/2 cos&;_z)

X (% + iy cos O + i cos’ 9p)

Color code : distribution of the A(1520), A{1+465)+A{1660},

A(1405) + A(1600) + interferences of 3 resonances, total PDF
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Fit realistic samples with updated angular fit model

Phase combination 0:

< T T T T T Sonf T T T e T T T
3 02F | yohunoffid fLT6, 8] Gevac? S7UF LHebunofficia 6, 8] GevAict S008E | pich unofficial 16,8 GeviIct 3
ok 8 o 1 8BowE
5 F 5
Bo®L B
SN
‘gumf\\
5] £\
Zo00f
£ N =
002 >~ _ -7 3
ofF 4
-1 ’65 6 0‘5
0 0
2 fod g 4 = i i {]
I e N R Eo% bhptbd bbb bbb
-T *6?3 0 05 -T 05 0 5‘3
cos(B, cos(6,

New interference term can catch the asymmetric shape.
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reall samples wi

Fit realistic samples

Phase combination 1, 2, 3, 4 and 5:

ha} T T T pu} T T T T T T
o 0.09F S 0lE 3 Souf
T oogE LHCD unofficial L6, 8] Gev2c* Fonk LHCb unofficial L6, 8] GevZ/c* = LHCb unofficial L6, 8] Gevc*
8 8 8o
[} 0.1]
B
gﬂbﬁ
5006
2
0.04}
0.02}
of 3
| | h
; : T =05 0 05
0 0 0
= i = i =
EUELH,HN”HMH*ﬂ EoEHi” “HH}*HHj EDF1}§Q}1}§1{-§}}4}§{}{’
" e S " N S
-1 -05 0 05 mep)l -1 -05 0 05 cwep)l -1 -05 [ 05 cosi@,
= T T T 5 oo T T T
Souf 2a 3 O 2yt
Bopk LHObuNMid  GUeg G 4 T (b LHCOuwffidd 16,8 Gevic
B oaf Boos
Boof i
Zoos g
Soo 3 3
002 = _— E 002
of = of E
-002F , | , | , | ,
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e =05 ) 05 T =05 g L
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Fraction of A(1520) events £,

Aim: Verification if the generated values are found by the fit unless the

interferences

0.85

f:yz

0.8

0.75

0.7

0.65

0.6

0.55

0.5

0.45

Uncertainties are linked to sample size — not scaled

—e— generated

—e— Phase combination 1

—e— Phase combination 3

—e— Phase combination 5
L L

—e— Phase combination 0
—e— Phase combination 2
—e— Phase combination 4

[0.1,3] [3, 6] [6, 8]

[11,6] [11,125] [15,168]
g2 bins [GeV2/c]

Deviation of £, found in high §° bins
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Angular observables

Arsan

E ] -
: ' ;
g é ' ' E
F —e— generated —e— Phasecombinaion0
' —e— Phasecombination 1 —e— Phase combination 2 B
F— —e— Phase combination 3 —e— Phasecombination4 ~ —
[~ —e— Phasecombination 5 ]
E ! ! ! ! ! E
[0.1,3] [3.6] [6,8] [11,6] [11,125 [15 168

q? bins [GeV?/cY]

Fit values of angular observables are close to generated ones

T T T T T U’;(
0 : ‘ : 0.6
E ] 05
01 -
n 0 ]
o [ ] 04
02 = 03
o ° g ]
—03fF - 0.2
r ] ]
[ —e— generated —e— Phase combination 0 ] 01
~04= —e— Phasecombination 1 —e— Phase combination 2 -
| —e— Phasecombination 3 —e— Phase combination 4 B 0
[ —e— Phasecombination 5 ]
05 k= 1 1 1 1 1
01,3  [36 [6,8] [11,6] [11,125 [15 168
q? bins [GeV?/cY]
Felicia Volle Ap — AN(1520)ut =
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Conclusion and outlook

v" Validation of physics PDF without interference terms

v" Include interference terms in the physics PDF

v’ Fit values of the angular observables find generated values

[J Solve issue with fraction of A(1520) events f3, from m(pK™) fit

[J Scaling the samples to Run 1+2 yields and redo the fit

[ Add detector effects on the angular distribution (= angular acceptance)
O

Felicia Volle (IJCLab Orsay) Ap — A(1520)ut ™ 19th May 2022 20/21



Fit realistic samples with interferences

Thank you for your
attention !
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N
Modeling the A(1520) mass peak

Difficulty to estimate fraction of A(1520) events f3/, from an angular fit only
— get 3, by fitting the m(pK~) mass spectrum

Ay — A(1520)p = MC underlines need of relativistic Breit-Wigner :

o) Gas) ™

|BWrel (Mo, Mps , Tax )2

Fas ok (P(Mpk)), P(Mp+ ), ta=) 12

M2, — M2 — iMp=T (Mox, Mp+)

X

FAb—>A*ML(Q(MpK)7 q(Mp+, r/\b))

p(M K) 2L/\*4>pK+1 MA* .
£ F/%*%pK(p(MPK)vp(MA))

I (Mpk, Mp+) =T (

P(Mn~) Mpk
P, q A*, K~ momentum in Ap, A* restframe
F Blatt-WeiBkopf form factors

Thys M Interaction radius of the Ap, A*

La+«_spk  orbital angular momentum between p and K~ in the A* — pK~ decay

LA, —sA* uy OFbital angular momentum between A* and the dimuon system in the A, — A* i decay
Mpx, Tp= pole mass and width of A*

Felicia Volle (IJCLab Orsay) Ap — A(1520)ut ™ 19th May 2022 1/5



|
Blatt-Wei3kopf form factors

By(p,po,d) =1,

1+(P0d)2

B, (p, po, d) = ,

1(]7 Po ) (p d)2

9+ 3(po d)? + (po d)*

B, d) =4[

2(P, po, d) 943(p A2+ (p d)F

, _ 2254 45(po d)? + 6(po d)* + (po d)°
By(p,po,d) = \/225+45(p d)2+6(p d)*+ (p d)S’

Bl(p.po.d) = 11025 + 1575(po d)2 + 135(po d)* + 10(po d)® + (po d)®
' 11025 + 1575(p d)2 +135(p d)T+10(p d)S+ (p d)®’

B pord) = 223025+ 99225 (po d)2 + 6300(p0 d)* + 315(po d)° + 15(po ) + (o !0
PrPo, 893025 + 99225(p d)2 + 6300(p d)? +315(p d)°+ 16(p d)E+ (p )10

from LHCb-ANA-2013-053

19th May 2022
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-

8 F T T T T T 8 01F T T T T T 3
> F o F 1
03f < of 8 ]
025 ‘ —01f ‘ f E
02F oz F U E
015 ‘ ! E ¢ E
E -03F 3
01F ' E 8 E
E -04F -
005 ¢ E E
F —e— Phasecombination 0 ~—e— Phase combination 1 -05f —*— Phasecombination 0 ~—e— Phase combination 1 —
0 F —e— Phase combination 2 ~—e— Phase combination 3 F —e— Phasecombination 2 ~—e— Phase combination 3 E
_00sf- —e— Phasecombination4 ~ —e— Phasecombinaion5 3 “O6F e Phasecombination4 ~ —e— Phasecombination5

E ! L L E ! L L L

[0.1,3] [3.6] [6.8] [11,6] [11,125] [15168] [01,3 [3.6 [6.8] [11,6] [11,125] [15,168]

q2 bins [GeVZ/cY] g2 bins [GeVZ/cY]

Uncertainties are linked to sample size — not scaled !
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-
Strength of interference terms

=l T T T T T 3 -~ F T T T T T 3

H = - © o 4

: 2 E °F E

. 7 1 . . . =

e 3 E oo E

. N oF—¢ s $ $ - s

E F . L] ° 1

e 7 -1 L] o —

3 s 3 S E E

] = 2F -

© . ¢ . E F s o

—e— Phasecombination0  —e— Phasecombination1 8F —e— Phasecombination0  —e— Phasecombination1

—e— Phase combination 2 ~—e— Phase combination 3 é - F —— Phasecombination 2 ~—e— Phase combination 3 =

SE —— r’hzmcombilnalion4 ) —— F’nalmccmbinaxion 5 E g —— r’hxoombilnalion4 ) —— P‘r\almcombinalion 5 g
01,3 [3.6] [6,8] [11,6] [11,125] [15,16.8] [0.1,3] (3.6 [6,8] [11,6] [11,125] [15,16.8]

g2 bins [GeV?/cY] g2 bins [GeV?/cY]

Interferences are treated as nuisance parameters
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Minuit

RooMinimizerFen:

es:
323543 il=-

RooRea MPFE

output

Ar——a.258503
0.9

AFBOneHa
-0.981721 60783

AngularPdf full data a136c70 MPFESI arg:

Mininized function has error status
Returning maxinum FON so far (129656) to force MIGRAD to back out of this region. Error log
1L

1f=-0.232013

vars= {AFB AFBDneHa\f Kice,STce, ThreehalfFrac, 11, 12,mL, quuar:

e of

(Angularpdf) is less than zero

1624) for entry 2447 @ !

33333,

b5 41232/@ B063is)
value of

fPdf = 0.209557/1
tcoefficients=(ThreeHalfFrac =
(Angu\arpm is less than zero

/1

0.727957 +/- 0.0049118)
(0.003250) for entry 3656 @ !

rerchetliorme(),
41253/ 0a631),
p.d.f value of

LCoefficienton (ThreeHalfFrac =
{Angutarpdf) is less than zero
557/1

P +/ i
(0. 001624) for emry 2447 @ !

refcoefNorn=(}), !
0.41232/0.906319),
.d.f value of

refCoefNorn=(), !pdfs=(dGThreeHalfPdf =

0.41232/0.906319),
p.d.t value of
refCoefNorn=
6.41232/0.906319),
p.d.f value of

refchemlomat ), Ipdfse{dcThreetal ipdf

0.41232/0.906319),
p.d.f value of

1Coefficientes (ThreeHalfFrac =
(AngularPdf) is less than zero

tcoefficients=(ThreeHalfFrac =

(Angularpdf) is leas then zero (-0.0166
2.289557/1.23313, daimeHa1Pdf »

fs=(dGThreeHal fPdf =
ettt

coefficients=(ThreeHalfFrac =
(AngularPdf) is less than zero

ThreehalfFrac = 0.7279:
(AngularPdf) is less than zero (-0.0 oo
0:209557/1,33333  dconeaPd =

02357057 2/ o-004o118)
(-0.003250) for entry 3656 @ !

0.200557/1.33333,dGOneHa 1 fPdf =

+/- 0.0049118)
52) for entry 840 @ !

0.727957

7 +/- 0.0049118)
655) for entry 1407 @ !

0.727957 +/- 0.0049118)
(o, omssz) for entry 840 @ !

refchemlomat )y
0.41232/0.906319) ,
p-d.f value of

fPdf = 0.209557/1
tcoefficients=(ThreeHalfFrac =

(AngularPdf) is less than zero (-0.009655) for entry 1407 @ !
= 0.209557/1.33; Halfpdf =

P +/- 0. mmlm

3, dG0;

refCoefNort
0.41232/0. 956319),
p.d.f value of

tcoefficients=(ThreeHalfFrac =
(AngularPdf) is less than zero

= 0.209557/1

0.727957 +/- 0.0049118)
(-0.004703) for entry 532 @ !
3333, dG0neHa L P

£ =

refcoefNorm (0, !
0.41232/0.906319),
p.d.f value of

refCoefNorn=(), !pdfs=(dGThreeHalfPdf

0.41232/0.906319),

RooNLLVar::nlL_AngularPdf full_datal paramSet=(AFB,AFBOneHalf,Klcc,Slcc, ThreeHalfFrac, il,i2

\ml,gsquared) 1
function value
0.175350,51cc

0.323543, ThreeHal fFrac
.950783,n1 = 0,qSquared = 7)

tcoefficients=(ThreeHal fFrac =
(AngularPdf) is less than zero

eeHalfFrac =

tcoefficient

is NAN @ paranset=(AF8

MIGRAD MINIMIZATION HAS CONVERGED.
MIGRAD WILL VERIFY CONVERGENCE AND ERROR MATRIX.
CALCULATED SUCCESSFULLY
STATUS=CONVERGED
.81173e-06

COVARIANCE MATRIX

FCN=88213.5 FROM MIGRAD
2

STRATEGY=

—0.250593, AFBOneHalf
0.727957

522
2

0.727957 +/- 0.0049118)
(-0.004703) for entry 532 @ !

= 0.209557/1.33333,dG0neHal fPdf =

0.727957 +/- 0.0049118)

-3 K

0049118, i

+/-

ALLS 523 TOTAL
ERROR MATRIX ACCURATE

Klcc=0.175359

cc
i2

1_AngularPdf_full_data GOFS

R

COVARIANCE WATRIX CALCULATED SUCCESSFULLY
STATUS=0K

FCN=88213.5 FROM HESSE
EOM=7.81718e-06

40 CAL
STRATEGY= 2

EXT PARMETER RNAL

NO. VALUE Sep s1se
-2.38781e-01  4.01788e-03  2,33974e-05

3 AvoneHslf _2.3u69e-0l 837365603 477859605
1.70811e-01 6.72561e-03  9.94670e-05

4 sicc 3.51643e-01  6.51424e-03  7.75063e-05

5 i1 -1.21203e+00  2.48641e-02  9.59349e-05

6 i2 ~7.72697e-01 _ 2.58713e-02  8.60677e-05

R DEF= 0.5
EXTERNAL ERROR MATRIX.  NDIM= 6 _ ERR DEF=0.
.670e-07 1.615e-08

1.614e-05 -1.635e-05 8.415e-06 -1.628e-05 -
-3.610e-05 1.683e-05 7.111e-07 -2,382e-08

-1,635e-05 7.012e-05

8.415e-06 -3.610e-05 4.524e-05 -2.098e-05 1,158e-06 2,142e-06

-1.628e-05 1,683e-05 2. 00!
-2,670e-07 7.111e-07

8e-05 4.244e-05 -
1.158¢-06 -8.081e-07 6.183e-04 4,267e-04

081e-07 -1,823e-06

1.615e-08 —2.382e-08 2.142e-06 -1.823e-06 4.267e-04 6.694e-04

PARAMETER  CORRELATION COEFFICIENTS
2

.72477  1.000 -0.486 0.311
73741 -9.486 1.000 -0.641

.73471  0.311 -0.641 1.000
.72180 -0.622 0.308 -0.479
.66336 -0.003 0.003 0.007
.663:

41 0.000 -0.000 0.012
[#1] INEOMiniention - Ro oMinimizer:

>>> ANGULAR FIT RESULT
Refit = False , Failed

RooFitResult: minimized FON vi

Status : MIN

Floating Parameter  FinalValue +/-

False , Minuit Status =

88:
ovarionce matrix nuamy
ITMIZE=(

-0.622 -0.003 0.000
0.308 0.003 -0.000
-0.479 0.007 0.012
1.000 -0.005 -0.011
-0.005 1.000 0.663
-0.011 0.663

0, AtLimit =

SSE=0

Error

-2.3878e-01 +/-

AFBOneHalf  -2.3827e-01 +/-
K: 1.7081e-01 +/-

Slcc  3.5164e-01 +/-

i1 -1.2120e+00 +/-
12 -7.7270e-01 +/-

Ap — A(1520)

4.02e-03

2.59-02

Ls
ERRIR WATRIX ACCURATE

-2.74492¢+00

1.000
:optimizeConst: deactivating const optimization

False

213.5, estinated distance to mininun: 7.81718e-06
Full, accurate covariance matri

19th May 2022
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