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Flatté Model Revisited
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J/PTr case



J/yrtrt Lineshapes

» Lineshapes for various E;
. Flatte J/y, E =-8.7 MeV . Flatte Jiy, E =-8.2 MeV Flatte J/y, E =-7.7 MeV . Flatte Jiy, E =-7.2 MeV
7 osf L % 0.9F o T osf I S 0.9f T
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: 0.25]
0.6F 0.4+
05k 02}
o4k FWHM = 113 keV 1 031 FWHM = 112 keV 045 | FWHM = 217 keV
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0.1f
0.2
0.1}
ot 0.05f
b65 3860 3870 3871 3872 3873 3874 3875  4B68 3869 3870 387 373874 3875 3B6B 3869 3870 3871 3872 3873 3874 3875
Eur [MeV] Eum MeV] Eum [MeV]

Oct 2020

X(3872) at LHCb



LHCb Findings

Breit Wigner fit
ver(3872) = 3871.695 = 0.067 == 0.068 == 0.010 MeV
1.39 +£0.24 +0.10 MeV

m

I'sw

[old Belle result: ' < 1.2 MeV (CL90)]

Flatté model fit

Mode [MeV]

Mean [MeV]

FWHM [MeV]

3871.69+9:00+005

3871.66 097 +011

0 22—!— 0.06 +0.25

—0.08 —0.17
g fp x 10° Iy [MeV] mg [MeV]
0.108 £0.003 1.8+0.6 1.4+04 3864.5 (fixed)

— Dominant pole: Bound state
— Virtual state allowed at 2 sigma level
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LHCb Paper - Questions (1)

« Position of BW unclear (apparently not the fitted mass)

peak seems rather at 3871.5x MeV
instead of 3871.695 MeV found in BW fit
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LHCb Paper - Questions (2)

« "However, after folding with the resolution function and adding the
background, the observable distributions are indistinguishable."

8000 m——r—r—r— . LHCb resolution asym. ¢ = 2.8 MeV
F Incl. resolution and background 3 S1al 2
7000;_ -------- Breit-Wigner LHCL E R e
6000F — Flatté E u 1 of
- ] 8 i
5000 E T
4000F s 08f
3000F 3 0|
2000F 3 04
1000 : 02
0:'3 54' —3 I86I —3 I88I : ',,'9' 3 0 gea0 " 3se0 3380 3800
. . B . - . '|']
e ]

| still see
differences after
my best modelling ...
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LHCb Paper - Questions (3)

« Parameter correlation of g and E;

« "Almost identical lineshapes are obtained when the parameters E;, g, f, and I',
are scaled appropriately. In particular, it is possible to counterbalance a lower
value of E; with a linear increase in the coupling to the DD* channels g."

dg —1
—— = (—15.11 £ 0.16) GeV
g et
by 03 B r r T . . T r . . . ] 3 j
025 - I LHCD - s <
N I
B i
02 |- i
B i
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0 f ._‘_'_'-"'—'h—
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LHCb Paper - Questions (3)

Example lineshapes

"almost identical"

...with fixed coupling g ...with scaled coupling g
n h_copy ’;’ " h_copy
E=-9.2, g=0.108 o ~ E=-9.2,0=0.139 N
E=-8.2, g=0.108 sever 0 | E=-8.2,9=0.124 Saver o
08- E=-7.2,9=0.108 0.8 E=-7.2,g=0.109
| E=6.2,9=0.108 E=-6.2, g=0.094
0.6k E=-5.2, g=0.108 0.6l E=-5.2, g=0.079
0.4 0.4
- ... more than x2
[ in tails over this
0.2F 0.2\ range in g/E;...
S - e | T

(Q === e e s SR PR RN B S s e ‘||
3868 3869 3870 3871 3872 3873 3874 30868 3869 3870 3871 3872 3873 3874
E.n [MeV] E .y [MeV]
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LHCb Paper - Questions (4)

ALL seems to indicate best E;= -10 ... -9 MeV

Definition: E; = m, - (my + mp.)

They quote minimum at m; = 3860 MeV — E; = -11.68 MeV
They fix for further analysis m, = 3864.5 MeV / E; = -7.2 MeV

b_o 0‘3 _| T T T T T T T T T T T T T T T _ 3 J
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LHCb Paper - Questions (5)

« Statement: Virtual state allowed(excluded?) at 20 level

— "While a pole location on sheet Il is preferred by the data, a location on
sheet 1V is still allowed at the 20 level."

 What | observe is the yellow 1o area intersecting sheet IV;
doesn't this mean, the virtual state is excluded by only <1o0?

o

[

—
1

% B ; B ShIE:E:t I|V ]
= [ LHCb 2 t LHCb :
E 0 E T g
0.2 —l_— -
04 =2 =
“osf- s what means .
e - : a 2nd pole :
08 pole position " 4 "out in the sticks"? "
i | B sheet I ] i sheet III
_ PR R SR NN S S SRS NS S SR NN S S _ L | L L L | L ! ! |
04 -0.2 0 0.2 0.4 -4 -2 0

Re E [MeV] Re E [MeV]
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LHCb Paper - Questions (5)

« Statement: Virtual state allowed(excluded?) at 20 level

— "While a pole location on sheet Il is preferred by the data, a location on
sheet 1V is still allowed at the 20 level."

 What | observe is the yellow 1o area intersecting sheet IV;
doesn't this mean, the virtual state is excluded by only <10?

 Or does it refer to real axis Re E<0? which is still 1 to 20...

=
2

T | T T T
- sheet IV 7

Im E [MeV]

inant pole position
R sheet 1T ]

_1 [ 1 1 1 | . 1 1 1 | 1 1 ] | 1 ] L
0.4 =0.2 0 0.2 0.4

Re E [MeV]
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LHCb Paper - Questions (6)

 Input Flatté FWHM seems different then what | get

LHCb FWHM = 220(?) keV

Flatté (input) LHCbD

F FWHM = 208 keV

%

= 80 Flatte J/y, E, = -7.2 MeV
2 % o0.9F T
lg 70 Breit—Wigner (data) 08 _

L [

= 0.7f

£ 60 :

%‘ 06}

> 30 0.5}
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&3;
30 0.2f
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1 2
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LHCb Paper - Questions (6)

 Input Flatté FWHM seems different then what | get

LHCb FWHM = 220(?) keV

/ My FWHM = 208 keV

Flatté (input)

= = =
@ e -
= - -
% 80 LHCb — o Flatte Jhp, E{ =-7.2 MeV
e - - ¥ 0.9F H
?g 70 = Breit—Wigner (data) — D.B%—
L = — N
= - = -
£ s fF = 07}
o - - 0.6F
3 = = :
s 50 — 0.5F
= = = F FWHM = 208 keV
=~ = = 5
= = 0.3p
30 = 0.2f
20 == = 0.1f
= = 1868 3860 3670 3871 3872 3673 3874 3875
10 — = Ecm [MBV]
o E -
Q

FWHM [MeV]
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J/brttrt Lineshapes with Resolution

qu3 T R L 'SOOOZIII ll I Ill ion dlb Ikl I IdI:
J00E T Breit- Wigner _ ?0005_ nc res.o _utlc.)n and backgroun _
— Flatté E : Breit-Wigner LHCT ]
350 1 6000F — Flatté s
300 3 5000 ]
250 = :
1 4000F
200 i 3 :
150 LHCb origina 3 3000E :
2000F .. =
100 - LHCb original ]
50 1000F- 3
0 = t 0:. N N T T
3.808 3.87 384 386 388 39

A (GeV]
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J/brttrt Lineshapes with Resolution

X ]_ 03 .8000 L 1 I 1 1 T T T T 1 T T I T T
100E - Breit ngner T _ J000E = Incl. resolutlon and background_:
— Flatté E e Breit-Wigner LHCT ]
330 3 6000F — Flatté 3
300 3 3 E
250 3 - ]
200 i 3 : ]
1s0E LHCb origina : 3 3
100 4 2000F .. -
E - LHCb original ]
50 1 1000F =
0 P B —— 0 N N N S R
3.868 3.87 3.872 3.874 384 386 388 39
m_,w, mta— [GBV] m_},}qu')fﬁ-qr— [GeV]
PANDA HL resolution & = 168 keV (dp/p=1E-4) PANDA P1 resolution ¢ = 84 keV (dp/p=5E-5) PANDA HR resolution o = 34 keV (dp/p=2E-5)
El h3 T O hd T O h5
s45¢ PANDA HL w0l 3,8 PANDA P1 w0l &, st PANDA HR N
w% 4 [ Sid Dev Q w‘é 4 E_ Sid Dav o m:E: 4 E_ Sid Dav [+]
® T | B I
g 3.5¢ ¥ 3.5F ¥ 3.5F
3 3F 3-

L L L 1 L L L 1 L L L 1 L E L L L 1 L L L 1 L L L 1 L E L L L 1 L L L 1 L L L 1 L
dhea 3870 3872 3874 dhes 3870 3872 3874 shea 3870 3872 3874
Ecms [MeV] Eems [MeV] Eems [MeV]
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J/brttrt Lineshapes with Resolution

original lineshapes

El > h1
S 45| Flatté (-7.2MeV) s
& 4LBW(1.4 MeV) .
?3.5—

sl

25F

P I
3872

3874
Ecms [MeV]

5 PANDA HL resolution o = 168 keV (dp/p=1E-4)
= h3
S450 PANDA HL o
UJE 4 L S:;ev L]
®

¥ 3.5F
3

L 1 L
3874
Ecms [MeV]

M L
3870 3872

fhes

Oct 2020

LHCb resolution ¢ = 2.8 MeV

3 h2
14 L Entries ]

Mean o

Std Dav o

04¢ my simple
o2r  resolution model
0' L L L A
3840 3860 3880 3900
Ecms [MeV]
PANDA P1 resolution o = 84 keV (dp/p=5E-5)
= F h4
<458 PANDA P1 B o
? E Mean o
Ll.T, 47 Sid Dav [+]
d 4
g 3.5¢
3_

L 1 L
3874
Ecms [MeV]

L
3872

X(3872) at LHCb

o< G(Ecms) [a- u ]

LHCb resolution asym. ¢ = 2.8 MeV

h22
L Entries. a
Mean a

Std Dav o

"~ my asymmetric
0.2r resolution model
03840 3860 3880 3900
Ecms [MeV]
5 PANDA HR resolution o = 34 keV (dp/p=2E-5)
3 h5
45 PANDA HR e o
4— Std Dav [
3.5¢
3¢
25
15}
-
0.5F
fes” 3870 3872 3874
Ecms [MeV]
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J/brttrt Lineshapes with Resolution
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Reproduce LHCb with Toy MC

. , Toy Spectrum
« Generated and fit many Flatte toy MC spectra "
« Goal: Determine
— Fraction to mix up BW with Flatté (Ps; gw > Pric pratte)
. . L. 3000
— Distance to E; g, In terms of og; for Flatte fit o
— Bias factor of ', compared to Flatte FWHM 1000
. 0:|I4|||I|\\I|||\\\
* In addition: Compare to PANDA P1, HR, HL modes R Y
P normalized S Input € = -7.7 MeV FWHM,,,, = 0.322 MeV
:5:’1 oL fris = 34.2% g %00;_ =768 J_rmégg o 2400; rE1.258 +0.216 o
12000 350"
102__ wrong 10003— 300~
fit 800k : 2501
i _ 200F
10 o 150
f |
1 200;— \A 505_
0o 0z L = A e T B AN TS SR FR R Y
Ef [MeV] Cew [MeV]
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Comparison with Paper: FWHM

FWHMF|&HE = 0.208 MeV

: : £ F F=0941 £0292 MeV o
% 20 - :Flatte (input) LHCbh = "_400; - - saper 0212
B - ! Breit-Wigner (data) E 35(;E
= — reit—Wig - u , .
- E o ] - | Flatté simple
£ cf = 99 linput resolution
%% sof- = 250F model
E E - 2005
g ME E 150F-
30 - E = 100F
0E = 50
E 1 E :lllJ-IIIIIIIIIIIIlIII||||||| A |11
e = % 02040608 1 12141618 2
- . S Caw [MeV]
05— n 2 - £ = 0.999 £ 0222 MeV o
FWHM [MeV] 350~ asymmetric
: - | Flatté :
LHCb paper: 300 mat resolution
FBW,toyz 1.55 + 0.3 MeV 250;— P model
2001
This study: 150
e ' 100[-
Mewioy = 0.94 £ 0.21 MeV (simple) :
~ 501
MBwioy = 0.99 £ 0.22 MeV (asym) :
C | Ll | | |

ol L 111 111 | 11 11 111 111 " |
00 02040608 1 121416 18 2
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Mis-ID Breit-Wigner vs. Flatte

LHCb paper: BW and Flatté distributions "... indistinguishable."
This study:
— LHCbtoy: P,,.= 33% in region of interest (at E; = -7.2 MeV)
— PANDAtoy: P, = 1% (HR/HL) ... 5% (P1) in ROI
mis-1D probability Flatte/BW (J/yr*n)
'g' r —a— PANDA HL
__tlﬂ 40 R - PANDA P1
n_E a —— PANDA HR
35__ .............................................................................................................................................. +LHCb
C —+— LHCb asym
30;_ ....................................................................................................................................................................................................................
252_ ...................................................................................................................................................................................................................
202_ .................................................................................................................................................................................................................
152_ .........................................................................................................................................................................................................................
10§_ ........................................................................................................................................................................................................
SEoa e e
0:"0---.-' T T e ¢ | g |
-9 -8.5 -8 —7.5 —7 —6.5 -6 -5.5

E [MeV]
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FWHM Bias Factor from Breit-Wigner Fit

LHCDb paper: foyypy = 1.55 (BW) / 0.22 (Flatté) = 7.0

This study:
— LHCbtoy:  fryy=4.5 ... 4.7 in ROI
— PANDA toy: fryuu= 1.5 (HR) ... 2.2(HL) ... 2.4 (P1) in ROI

FWHM;,,, = 0.208 MeV

i + Enfries 10000
FWHM bias factor Flatte€/BW (J/yn*n) #00o 9% T 0232 o=
% —a— PANDA HL 350 -
; 1 2 _._ PANDA P-I .......................................................................................................................................................... 300;
- —i— PANDA HR o505
S —— LHCb 2005—
+5 10| —— LHCb asym g
m | 150;
S | 100i
(n C
C_G 8 __ ........................................................................................................... 50;
e E
I g

Few [MeV]
Entries.

n.agez

ev  D.08683

S0l [ =0ft99 +0.067
1000
800
so0f- PANDA
no bias 400 Pl
0_|||||||||||||||||||I||||||||I 200~
-9 -8.5 -8 —7.5 —7 —6.5 —6 -56.5 Qe
E'[Mev] 02 04 06 08 1 1.2 14 11_.SW‘II:N?EV]2
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Distinguish Nature in #std. dev.

« LHCDb paper: "..virtual state allowed at 20 level." (see issue #3)
* This study with dE; = (B¢ - Ef )/ Ogs it -

— LHCb toy: dE;=0.90 ... 1.00 in ROI

— PANDAtoy: dE;=3.00 (P1) ... 3.10 (HR) ... 9.50 (HL) in ROI

I Input EI =-7.2 MeV
oo Distance E, to E,,, [std dev] s s ==,
L, —e— PANDA HL ' 700; | .
u- go| W PANDAP1 | E.=-7.2MeV ... 600f- . LHCDb
o —& PANDA HR : o |
80|—* LHCb b . 4003 asym
—+— LHCb asym ' E Ef,thr
- 300 :
200
100f :
L R A R

ool Ef=-7.176 +p.1

o
N
(=]
S

[T T T TIT T T T I T T
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Distinguish Nature in #std. dev.

« LHCDb paper: "..virtual state allowed at 20 level." (see issue #3)
* This study with dE; = (B¢ - Ef )/ Ogs it -

— LHCb toy: dE;=0.90 ... 1.00 in ROI

— PANDAtoy: dE;=3.00 (P1) ... 3.10 (HR) ... 9.50 (HL) in ROI

1 Input EI =-7.2 MeV
Distance E, to E;, [std dev] s ==,
© 15 —e— PANDA HL : ook
Lu“_ 14 - PANDA P_I _E ........... . ....................................................... sool E LHCb
T  13|—a PANDAHR  |[ddedo Y A 5005_
12 - HCb MYV E ..................................................................................... 4003 aSym
49| LHCbasym | AN A S S - Etthr
10 _ .................................................................................................................... E ..................................................................................... 200;
9 Ui SV, YOS . TR & U SR SRR UUTUURN - SURTURRTTURNY 100; H
8 e S 1 I AFST TR FETOAY. PR B I SRR SRR B
Q/b 7 B NN N\ N J Hoes , E, MeV]
@ gboof Ef=-7.176 +f.1 Eﬂ &
oo -\g) o 1 . — a00k
’\/ ’b 5 PSPV PP UOVPUUTURTPUPVPUPOOL. YUN. YOUPVPOPTURPURTOTUPD. | YOVUDY SUTPURPUTTPOTPOI. YOV OvORTPRPOOr SOVOTORTOTRTORTP SOV (07 SO O RPN 1600F ; E
X /) NV N, N 1 S N /S 1400F- : —f,thr
3 1200
T . S G SRS S A S —— ro0ok. .
D F e NN N S 800F PANDA
N Y A P1
0 | 400
9 85 8 75 7. 65 6 55 - JJ
—=10 -9 -8 -6
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Aspects of DD* channel



DD* Lineshapes

« LHCD (inofficially?) announced simultanous analysis with DD*
 How much could DD* help to increase sensitivity for LHCb/PANDA?
* DD* lineshapes compared to J/yTrt

E, = -8.7 MeV r E, = -8.2 MeV 't E,=-7.7 MeV E, = -7.2 MeV

o o [au]
o o [au]
o o [au]
o ¢ [au]

08l 08- 08l 08l

06l 06 06 0.6

0.4 0.4} 0.4] 0.4]
ozj o.zj 02} L 02l L
: ok 0 e 0 -

s
’

0 L L L L m L L ] L L il T L L
3870 3875 3880 3885 3870 3875 3880 3885 3870 3875 3880 3885 3870 3875 3880 3885
E.r [MeV] E.r [MeV] E., [MeV] E., [MeV]
3 3 if B
o I E=-67MeV | = E=-62MeV | E =-5.7 MeV
4 L 4 L 1
0.8} 0.8 0.8}
0.6} 0.6f 06}
0.4f 0.4F 0.4f
02t L 02 L 02} \‘
03870 3875 3880 3885 03870 3875 3880 3865 03870 3875 3880 3885
Eer [MeV] Eer [MeV] Ecn [MeV]
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DD* Expected Background Levels LHCb

For channels B — X(3872) K, background comes from non-res. decay
PDG live info (Sep. 4, 2020) (incl. c.c.):

Decay  |BR
BR,: B® — DO Do* KO (1.1+0.5) - 1073

BR,: B* — D9 D% K* (8.56 + 0.84) -1073 = [(2.26 + 0.23) + (6.3 + 0.5)] - 10-3

BR,: B — X(3872)K® — DOD%* KO (1.2 0.4) - 10~

BR,: B* — X(3872)K* — DO D%* K* (8.5% 2.6) - 1075

BR,/BR; =0.109, BR,/BR, =0.01 — use B° scenario
Further assumptions: N ., = 5000, o = 8 MeV

. LHCb DD* background level . LHCb DD* background level
5 E,=-7.2 MeV L E;=-7.2 MeV
°F original lineshape 2 oz = 8 MeV
[ 08 <5
4t I 9.9% of total area
: osk I = 1.0% of total area
3r
: phsp shape according 04l 48.7% in fit region
2F to EvtGen I . .
i 4.3% in fit region
1L \l/ 0.2_— /
L kt': P R R |\I I :‘ P TR R R E
%00 4000 4200 4400 4600 4800 §800 4000 4200 4400 4600 4800
Ecm [GeV] Ecm [GeV]
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DD* Expected Background Levels PANDA

PANDA background from non-resonant DD* production around threshold

Non-resonant from Haidenbauer et al:

— T
Born approximation

ISI (model A)

— ISl (model A) + FSI

Opopo(3884MeV) = 30 nb
Opopo+(3884MeV) = 20 nb (assume less DD*)

« Assumptions for signal cross section

BR(X —=J/ytr* ) = 5%
BR(X — DD*)/BR(X — J/ytr* ) =9

[httpst//arxiv.org/abs/1010.5324v1] J

7.0

8.0

P, (GeVic)
BR(X — DD*) = 45%

- GX(3872)—) DD* = 50nb - 0.45 - 22.5 nb
— Need to estimate efficiency ¢ for yield calculation N(E) = o(E) x L x BR x ¢
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DD* Efficiency Estimate for PANDA

« Assumptions for exclusive DD* reconstruction:
— &y = 85%, €, =75%, additional (arbitrary) efficiency reduction factor €, = 0.3
— Reco. 6 D? decays, both D% decays (D°m?, D%) and form all 6x12 = 72 combinations

o ow|ow| oo | o | ow
e N T 7 T S N R Y N

0,0393 0,723 0,028 0,406 0,010 0,542 0,008
Krunt 0,0188 0,522 0,010 0,294 0,004 0,461 0,003
K@ 0,1430 0,406 0,058 0,229 0,021 0,305 0,015
K¢mm 0,0285 0,522 0,015 0,294 0,005 0,392 0,004
KST[T[T[0 0,0520 0,294 0,015 0,165 0,006 0,220 0,004
Kruon®  0,0420 0,294 0,012 0,165 0,004 0,220 0,003

duct
. - Mlm all pﬂy
— Individual efficiency: € = (gq4) ™% (€0 ) Teut

— Total reconstruction fraction: f,.. = 2; j (€po; * BRpo ;) = (€po« ; * BRpo« ;) - & = 0.37%

A A B D BADN
N N O N O
A A N BN
w w W

— Total BR: BR;¢ = (X;BRpo; ) = (0.3236)%= 10.5%
— Effective efficiency: .. = f.../BR;or = 3.45%
— Compare t0: BRot,j/p = 12%, €efrjp = 13.5% — frecjp = 1.6%
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Simultaneous Fit

* LHCDb: Assume N ., = 5000 in DD* spectrum (arbitrary)
 PANDA: Compute expected yield based on previous estimates
* Generate spectra and perform simultaneous fit for E; to both channels

PANDA HL: J/UTTt PANDA HL: DD* PANDA P1: J/{mm PANDA P1: DD*
2400 F
N Nzz00f N sof N1sof
700¢ 2000 - 80t 160F
800 F 1800 0L 140t
500" 1600 60 F 120
1400 - L
400 1200 . 80t 100¢ '
00k 1000 F 40 £ 80|
800} 30F 80 [
200F jgg : 20 40F
08 200f |/ 10F 2 [/
05568 3870 3872 674 &0 3875 3880 3885 03868 3870 3872 674 70 l 3675 3880 3885
E... [MeV] E... [MeV] E... [MeV] E_. [MeV]
PANDA HR: J/{miTt PANDA HR: DD* LHCDb: J/ymm LHCb: DD*
N ocol [\ 8000 £ N 5000t
200} \/ 5000 w00l
’ 4000 [
150l e Y 3000}
L 3000 F
100 2000 [
. 2000
50 ',', 1000 1000 |
03858 3870 3872 3874 &7 3875 3880 3885 03840 3860 3880 3900 0 ——5e B0 3950 4000
E., [MeV] E., [MeV] m [MeV] m [MeV]
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Simultaneous Fit

* LHCDb: Assume N ., = 5000 in DD* spectrum (arbitrary)
 PANDA: Compute expected yield based on previous estimates
* Generate spectra and perform simultaneous fit for E; to both channels
) PANDA HL: J/ymmt , PANDA HL: DD* . PANDAP1: J/mm PANDA P1: DD*
M?GE_ s NTESUD; . o Msa % l\izz: . % % }ﬂ
s00f— 2000 % &, " # 70 TZE §+ %
500/ o .wﬁjsgéﬁiﬁs ' e0f- %% H + %
_ WA
N ol : % I
290? Q.. ii k. ﬁ E
g e " + i ﬂh %{? {'{.H e t
0 3&‘6& — IJB‘TO — '3a|72 ' 3874 — g 70 ' SBITS ' JBBD 3668 I ' 3870 3&72 3374 E-‘TD ‘ 38I?5 ‘ 3880 3885
E... [MéV] [Me\?"]”' E.r, [MeV] [Nf‘évl
~_PANDAHR:J/¢mm_ PANDAHR: DD* 5 LHCb: J/ymm ~ LHCb: DD*
l\g E I\Ezsui— ¥ Mmz_ o.. N%som:— &
* -t Sl = w0
- +*#}H'}#H T | st Y R
- 50 : ‘H{. U S A e .
o §§ _ _ o] . 'O.M'N'u"«u
alhe et e P
.., [MéV] [M v] m [MeV] m [MéV]
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Simultaneous Fit

* LHCDb: Assume N ., = 5000 in DD* spectrum (arbitrary)
 PANDA: Compute expected yield based on previous estimates
* Generate spectra and perform simultaneous fit for E; to both channels

PANDA HL.: J/LIJT[T[ PANDA HL: DD* PANDA P1.: J/L|JT[1I PANDA P1: DD*

N N
AL

|
=2

2000

150
1500

1000

transition point |

500

1 L
3870 3880 3690 3870 3880 3890

[MeV shlfted] [MeV shlfted]
PANDA HR: J/{TiTt PANDA HR: DD* LHCDb: J/ymm LHCb: DD*
N 259: N N 6000 : N H
| : N | symmetric
% % 4000 I
o '

3000

50

m
@
=] g
8
2 s
I\|IIII|HII|IIH‘III\‘\HIlIH\‘\II

E.m, [MeV - shifted] m [MeV - shifted]
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Simultaneous Fit

* LHCDb: Assume N,
 PANDA: Compute expected yield based on previous estimates

= 5000 in DD* spectrum (arbitrary)

* Generate spectra and perform simultaneous fit for E; to both channels

PANDA HL: J/LIJT[T[ PANDA HL: DD* PANDA P1: J/LlJT[T[ PANDA P1: DD*
N zson:— _E | N N ; | N
E (] F % % + +
2 : IR
1smf— é : 1502— : %
- 2| - !
1000; g I E I +
SGDi I :_ I
- l . [
:_ 33|70 I 36‘&0 3690 E SBITD ! I JBIBD 3890
[MeV shlfted] [MeV shlfted]
PANDA HR: J/{TiTt PANDA HR: DD* LHCDb: J/ymm LHCb: DD*
N f L &N N b ' N .
- | } g | asymmetric
200; : % % % omé_ :
g_ | % % 3000%—
= I - s
SOi I E
i | 10002—
S R - e - 3 o 5 ‘ s
E.m, [MeV - shifted] m [MeV - shifted]
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Distinguish Nature in #std. dev. (Simul. Fit)

* Improvement by adding the DD* channel (dashed vs. solid lines)
* Againwith dE; = (E;q - B¢y )/ O

— LHCbtoy: dE;=0.9...1.00 — 1.30in ROI: +34% ... +38%

— PANDA toy: almost no improvement

's 85 8 75 7. 65 6 .55

_ : : Input E =-7.2 MeV
1 5 | Ef,fit Ef,thrl II‘"I Std 'Edev 2 00 ! Maa'n 77':";2
L, 14 S SRR 01 NN W L
Wi F a0
T 13F N AT I
12 E_ .................... \ ...................................................................... : 5‘-‘:_
1 1 ;_ ................................................................................................. . E 40:_
(1] SE—— N ) ! :
E 20—
9 g_ ................................................ \\ ................. :
8 :_ ..................................................... o L
/ [——PANDAHL 2
6 | — - PANDA HL sim. = b
5 | — PANDAP1 ok
— - PANDA P1 sim. ok
4 |— PANDA HR ol
3|—- PANDA HR sim. .
—— LHCb 100
2 | — - LHCb sim. o
1 |—— LHCb asym . F
— — LHCb asym sim. . “F
0 1 zo;—
15
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Conclusion

Partially able to reproduce LHCDb results
Found 6 questions, where LHCDb paper is not perfectly clear

Investigated possible DD* simultaneous fit (with some rather
arbitrary assumptions)

In comparison to PANDA the results are (for E; = -7.2 MeV)

(to be taken with a grain of salt)

Probability to confuse BW and Flatté case 33% 5%
FWHM bias factor fitting BW to Flattée 48/70 24
Significance to identify nature (bound/virtual) 1.00 3.00
Significance to identify nature incl. DD* channel* 1.30 2.80

*under certain assumptions made here
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1% 1%
1.5 2.2
3.1 9.50
3.30 9.50
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