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of the x.1(3872) state

Abstract

A study of the lineshape of the y.1(3872) state is made using a data sample
corresponding to an integrated luminosity of 3fb™! collected in pp collisions at
centre-of-mass energies of 7 and 8 TeV with the LHCD detector. Candidate y ., (3872)
mesons from b-hadron decays are selected in the J/¥nT7~ decay mode. Describing
the lineshape with a Breit-Wigner function, the mass splitting between the .1 (3872)
and 1(2S) states, Am, and the width of the x.1(3872) state, I'pw. are determined

to be

Am =

185.588 + 0.067 + 0.068 MeV

I'pw =

1.39 £0.24 +0.10 MeV,

Large width would
/ undermine the PANDA
precision advantage...

where the first uncertainty is statistical and the second systematic. Using a Flatteé-
inspired lineshape, two poles for the x.1(3872) state in the complex energy plane
are found. The dominant pole is compatible with a quasi-bound D°D*? state but a
quasi-virtual state is still allowed at the level of 2 standard deviations.
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LHCb Findings

Breit Wigner fit

mXcl (

I'sw

1.39 £0.24 £0.10 MeV

[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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Candidates/ (1 MeV)

as72) = 3871.695 £ 0.067 £ 0.068 &= 0.010 MeV

[https://arxiv.org/abs/2005.

13419]
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LHCb Findings

Breit Wigner fit

TTE)(C](

I'sw

1.39 £0.24 +£0.10 MeV

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

Flatté model fit

Mode [MeV]

Mean [MeV]

discrepancy?

/

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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Candidates/ (1 MeV)

as72) = 3871.695 £ 0.067 £ 0.068 &= 0.010 MeV

[https://arxiv.org/abs/2005.13419]
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What we want to study

Idea: With given yield and resolution model of LHCb spectra:
« Can we reproduce the results from paper with Toy MC?

1. Bias of Breit-Wigner (BW) and Flatte FWHM
* Paper: [ ,,/FWHM._ .. = 6.3

2. Distinguishing BW and Flatté line shape
« Paper: "... indistinguishable.”

3. ldentification of nature given the Flatté-model is true
e Paper: "... virtual state allowed at 2o level."

Oct 2020 X(3872) at LHCb 5



Flatté Model Revisited

dBr(B — KD°D*) 1 gk

[https://arxiv.org/abs/0907.4901]

=B *1i
75 27 IDE)E DD* lineshape
dBr(B — Kntn=J/1) _ Bi et -3y (E) J/Prut lineshape
dE 2 |D(E)]*
with ( . . TI'E ky = v 2k, Hr = (mD?:-—i-mD;*n)
E_ g, 9iht  G2h2 1 (E) E <0 - —— Mt M —
! 2 2 2 F1 =V 2k, H2 = (mp++mps—)

D(E)={ E—E;—

922&2 +1 (912k1 + F(QE)) L 0<E<$6 ky = V2u2(E —9) 0 = 8.2MeV

ki ks T(E
E—Ef+i(9121+9222+ (2)) E>0

\

I'(E) = Litngp(E) + Tntr—r0g4(E) + Lo,
(B) = Lrtwmaj(B) + Lrtameoipg (B) + 8 | Param. | PANDAstudy | LHCb |

I (E) =1f / S dm q(m)I, g 0.137 0.108
a+a—J /Y —Jp o O (m — mp)2+rg/4? I_O 1.0 -
f 0.007 0.0018
r (E} B f M—mgj;y dm q(m)fl, fp
?r+?r_7rDJ;'r'¢.t'lJ - Juw am. 9 (m - mw}z n 1—3/43 w 0.036 0.01

Et hr -8.56MeV  -6.82 MeV
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J/YTtt case
(subject of publication)



LHCb Paper - Parameter E;

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

* They quote minimum at m, = 3860 MeV

* Definition: E; = mg - (my + Mmp.) — E; =-11.68 MeV

* They fix for further analysis m, = 3864.5 MeV / E; = -7.2 MeV

LHCb

JIIIII|IIII|IIII|IIII|IIII|IIII

L
L
|
—
=]
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bound states

virtual states

l2?0.9—

J/yrtrt Lineshapes

Lineshapes for various E;
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J/brttrit - LHCDb Lineshapes (incl Resolution)

R R '8000:|II L. resolution and background
J00E T Breit- Wigner _ 7000 nc res.o _utlc.)n and backgroun E
— Flatté ; : Breit-Wigner THCH 3
350 1 6000F — Flatté 3
300 1 5000F '
250 - -
1 4000F
200 i 3 :
1s0E LHCb origina _ ; 3000E E
1 2000F N . -
100 E - LHCb original ]
50 1000F s
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J/brttrit - LHCDb Lineshapes (incl 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 ]
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0 P B —— 0 N N N S R
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J/brte

LHCb Lineshapes (incl Resolution)
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J/yrtnt - Remodelling Resolution

original lineshapes
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J/brttrt Lineshapes with Resolution
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Reproduce LHCb with Toy MC

« Generate and fit many Flatté toy MC spectra Toy Spectrum
* Determine ;
1. Width g, compared to Flatté FWHM
2. Prob. to confuse Flatté with BW (P gw > Pt Flatte)

3. Significance to determine nature (Flatte) 2000
|Ef,fit'Ef,thresh|/OEf from many Flatté fItS i

1000
H H L] : 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 | 1 1
* |n addition: Compare to PANDA P1, HR, HL modes 03840 3860 3880 0
ms e
1 FWHM,,.. = 0.322 MeV 2 P normalized 3 Input Ef =-7.7 MeV
: ] e e e : e
“_4005rBW = 1258 Mev StdDev 02159 e 3 fmis - 342% Sl Dav 00612 ﬁoo__ Ef = -7.684; + 01599
u 107 C
3501 = mis-id 12001
C oS . L
300} frwnm = 3.9 - fits 10001
F B 10°E r
250:— F 800~
2000 B
E i 600
150 10 N
- E 400
100:— B B
:|||||||Lw¢ b b T b Ly g [ ol ,,",l 07|||\||||
02040608 1 12141618 2 0 0.2 0.4 0.6 0.8 1 —10 -9
Iew [MBV] PF/(PF+PBW)
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Pseudoexperiments /(50 keV)
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Toy Study Comparison with Paper: Width

Input (Flatte) - output (BW)-

FWHMF|&HE = 0.208 MeV

oooo

= I T = £ - ['=0.941 +0.2§2 MeV :dn e
E_ E Flatté (input) LHCH _E 4005_
E_ E Breit—Wigner (data) _E 350; Flatté sim ple
E : SO |input resolution
= = 200
E E 150F-
= - 100F
E E sof-
3 : E B 62040608 112 1.4 1618 2
:_ : _: Cew [MeV]
E = £ = 0.999 £ 0222 MeV E" -
' 1 5 3% asymmetric |
_ FWHM [MeV] : ]

LHCDb paper: s00f iFnlaLtf resolution
rB\N’toyz 1.55 % 0.3 MeV 250;— P model

2001
This study: 150F
Mewioy = 0.94 £ 0.21 MeV (simple) 100;—
MBwioy = 0.99 £ 0.22 MeV (asym) 505

Ll | | L
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Width Bias Factor from Breit-Wigner Fit

LHCDb paper: foyypy = 1.55 (BW) /1 0.22 (Flatté) = 7.0

This study:
— LHCb toy: f,,n,u=4.5...4.7in ROI
— PANDA toy: o= 1.5 (HR) ... 2.2(HL) ... 2.4 (P1) in ROI

. FWHM, = 0.208 MeV
FWHM bias factor Flatte€/BW (J/yn*n) 00— o999 5 0333 i
—a— PANDA HL —
—- PANDA P11 s s s e e 3005
—— PANDA HR
- LHCb
—+— LHCb asym

—
N

—
o

n
[}
(=)
T T T I T T T |

bias factor fzy,um

(00}
—T

Few [MeV]
Entries.

r I'=0499 +0.067 e e

ev  D.08683

PANDA
P1

TR R TR T N T R N | L1 1 I T R T R S R R Lo |
_9 _8-5 _8 _7-5 _7 _6-5 _6 _5-5 r-\t;“ll‘llll“' N IR PSRN PR R I
E' [MeV] 02 04 06 08 1 12 14 11_.Sw'll:r§ev]2
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Distinguish Flatté from Breit-Wignher

« LHCDb paper: BW and Flatté distributions "... indistinguishable."
e This study:
— LHCbtoy: P,,.= 33% in region of interest (at E; = -7.2 MeV)
— PANDA toy: P, =1% (HR/HL) ... 5% (P1) in ROI
mis-1D probability Flatte/BW (J/yr*n)

'B_Q' r —e— PANDA HL
_:,, 40__ ......................................................................................................................................................... +PANDAP1
at : —— PANDA HR
35__ .............................................................................................................................................. +LHCb
C —+— LHCb asym
30:_ ....................................................................................................................................................................................................................
253_ ...................................................................................................................................................................................................................
20; .................................................................................................................................................................................................................
153_ .........................................................................................................................................................................................................................
10:_ ........................................................................................................................................................................................................
5:_ ...............................................................................................................................................................................................
0:"0---.-' T T e ¢ | g |
-9 -8.5 -8 —7.5 —7 -6.5 -6 -5.5

E [MeV]
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Distinguish Nature in #std. dev.

- LHCDb paper: "..virtual state allowed at 20 level."
* 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

| Input E = -7.2 MeV
~— 100 Distance Ef’m to Ef,thr [Std deV] &O00F Ef=-7.139 +D.349 | &
© —e— PANDA HL : oo 5
w- 90 - PANDAP1 | | Ef::-72|v|ev ........................................ 600F LHCb
o —i— PANDA HR : 5005_
go|-*LHCb Ll R, E asym
—+— LHCb asym ' 3 B thr
70 S —— 300F ) !
C 200
....................................................................................................................................................................................................................... 1007 H
L A S

. E, [MeV]
#oof Ef=-7.176 +p.1 T

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."
* 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] ==,

-| 5 ' Ef=-7139 + ).3:49
—a— PANDA HL ' g :

1 4 - PANDA P1 _E ........... . .......................................................

13 |—=— PANDAHR [ 4do b s ——

12 - HCb MYV E .....................................................................................

11 —+— LHCb asym '

10

LHCDb

dE, [o]

500F

ool Ef=-7.176 +p.1

o
N
(=]
S

[T T T TIT T T T I T T

|O_LI'\JOJ-I‘—‘-U10'J"~JCO{D

(o LI L L B IR N BB
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Summary - What we found

1. Bias factor of Breit-Wigner (BW) vs Flatté FWHM
— Pub: 6.3; LHCDbtoy: ~4.5; PANDA:1.5-2.4

2. Distinguishing BW and Flatte line shape
— Pub: ~50%; LHCD toy: 33%; PANDA: 1% - 5%

3. lIdentification of nature given the Flatté-model is true
— Pub: ~20; LHCbtoy: 10; PANDA: >30
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Aspects of DD* channel



DD* Lineshapes

« LHCDb plans simultanous analysis with DD*
 How much could DD* help to increase sensitivity for LHCb/PANDA?
* DD* lineshapes compared to J/yTrt

1 1t

) = = )
@ 1 T T o 1
& E=-87Mev | & E=-82Mev | & E=-77Mev | & E, = -7.2 MeV
P 8 [ 8 8

08l 08l 08l 08l

06l 06 06 0.6

0.4 0.4} 0.4] 0.4]

02t o.zj 02} L 02l L

0 L I x—g L | 0 L L .L L L 0 | L ! ! 0 T L | |
3870 3875 3880 3885 3870 3875 3880 3885 3870 3875 3880 3885 3870 3875 3880 3885
E,., [MeV] E,., [MeV] E,., [MeV] E,. [MeV]

3 1 3 3
o E=-6.7MeV | E=-62MeV | E =-5.7 MeV
P ¥ [ 8

08l 08l 08l

06l 06 0.6

0.4f 0.4F 0.4f

02l L 02l L 02} \‘

0=3870 3875 3880 3885 0=3870 3875 3880 3885 03870 3875 3880 3885
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LHCb: Estimate DD* Yields

Estimate yield from B® — D*DO0 K* reco (Runs 1+2, 9 fb?)

Mode

Run 1
N eorr ( 1 06 }

Run 2
N yeorr (106)

B°— Do DY K+
B°— Di, Dy K*
B = Dj¢, Dica K*

605+26 1196 +£52
321+£20 949 +57
331+20 1105+64

2409+ 52 3495+ 76
1706 £ 44 3541+ 92
1544+ 41 38124104

} N, = 6916

Factors to estimate yield:

BR(B°-»D*°DOK+c.c)  1.1-1073
BR(B°-D*~DOK+) ~ 2.47-1073

— BR(Kg? — 1*11) = 0.69
— BR(D*® — all)/BR(D** — D°mr*) = 1.0/0.68 = 1.47
— Assumed efficiency factor f_,,, (from D*° decay) = 0.7

— Ratio gr = = 0.45

m0ly

Yield N = 6916 x 0.45 x 0.69 x 1.47 x 0.7 = 2210 (full PHSP) =

Resolution o0 = [0f + 02 = V82 +8.932 = 12 MeV

Investigate: N, Nx20, Nx100, Nx1000 and o, a/2

Oct 2020 X(3872) at LHCb
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LHCb DD*: Expected S/B Level

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

ecay B8R

BR, : B® — DO Do* KO (1.1+0.5) - 1073
BRyo: B® - X(3872)K® — D D%* KO (1.2 0.4) - 10
BR, :B*— DO D% K* (8.56 + 0.84) -10-3 = [(2.26 + 0.23) + (6.3  0.5)] - 1073

BR, ,: B — X(3872) K* — D% D% K* (8.5 2.6) - 10°5

* BRy/BR,=0.109, BRy./BR,=0.01 — use B scenario

. LHCb DD* background level . LHCb DD* background level
. E,=-7.2 MeV 8 065 - E;=-7.2 MeV
5 .. . or () _
: original lineshape : -05)) O = 12 MeV
af “EN S 9.9% of total area
: 04F [ 1.0% of total area
3r C
: phsp shape according 03r 48.1% in fit region
2 to EvtGen - :
[ 0.2F | / 4.2% in fit region
l oaf [f
i L N R | |\I i : P T R SR R
&00 4000 4200 4400 4600 4800 19800 4000 4200 4400 4600 4800
Eom [GeV] Eom [GeV]
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DD* Expected Background Levels PANDA

* PANDA background from non-resonant DD* production around threshold

. [https://arxiv.org/abs/1010.5324v1]
* Non-resonant D°D° from Haidenbauer et al: ————————————

101__ ----- Born approximation -O0- DD _:

— — ISl (model A) . §

Opopo(3740MeV) = 11 nb (12 MeV above thresh.) [ [SlmodelA) - FS R
A=) 0L e s TREER R T T RERERPE TR

CDoD_o*(3884MeV) <11 nb (assume same number)  10°F

« Assumptions for signal cross section 102k
- 0X(3872) = 50nb ; s ]
— BR(X =J/yt*mr) = 5% 107 3
— BR(X — DD*)/BR(X — J/ym*m) =9 60 65 7o 75 so
BR(X — DD*) = 45% Pas (GEV/C)

- 0X(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
. . Mﬂn 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

«  LHCb: Assume various scale factors/resolutions in DD* spectrum
 PANDA: Compute expected yield based on given estimates
* Generate spectra and perform simultaneous fit for E; to both channels
PANDA HL: J/{Tm PANDA HL: DD* PANDA P1: J/ymm PANDA P1: DD*
N oot Nl N Nl
3868 3870 3ETczm [l\:ijl?é V] 3870 3875 EC::SO[ Me\;&is.’.\ 3868 3870 38E2C . [Z;\Qj'ltl.e V] 3870 3875 E:&::O[Me\S;iEp
PANDA HR: /Tt PANDA HR: DD* LHCb: J/ymm LHCb: DD* (Nx20)
N 140t izg: N eooo f N 250F
120F 200¢ soof ASYM 200}
100¢ :zg: 4000 | \ 5ol
T sl |
3868 3870 BIE'jm [|\3;|74e V] 3870 3875 ECB:]BO[Me\;B]SS 3840 3860 BSr:(; [Mag){)/ ] 3850 3900 m3f5|\0/| eV jiOOO
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Simultaneous Fit

«  LHCb: Assume various scale factors/resolutions in DD* spectrum
 PANDA: Compute expected yield based on given estimates
* Generate spectra and perform simultaneous fit for E; to both channels
PANDA HL: J/ymmt PANDA HL: DD* PANDA P1: J/ymmt PANDA P1: DD*
l\gmo- L] N§:00: - |§807 % (c;igz ®
i - ol *%
s00+ ¢ 1600 F & B0¢ 140 %} %
o e o o
. = I I - BT B B fifg,
200F . % ng: * o t ' 80¢ %
XX iﬁﬁ*@'}iﬁ% il a00f 2 w4 s}
s - SO N T B
E. [MeV] E. [MeV] E.n [MeV] E.., [MeV]
PANDA HR: J/¢tTt PANDA HR: DD* LHCb: J/ymmt LHCb: DD* (Nx20)
|\<§120 F % |\%250 F ; N‘gnoo F . N ‘§250 #
1:;): 200} % } j::g: ; 200 ; {Hﬁ # {{
1501 : ] .'-ul" 150 % H{ ﬁ
80 t H } g% 3000 ".-"w. i {ﬁﬁ# !
o, S U B . o £
20 4 or 1000 501 4
0 sﬁﬁiﬁﬁ.‘ﬁx é #hﬁiﬁﬁ#ﬁ% ok . . . . ‘ . ‘ A-: ‘ ‘ .
3868 3870 SE‘:m [Iijlﬂev] 3870 3875 Ec:::SO[Me\S/B]SS 3840 3860 Ecm [Mev] Ecm [MEV]
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Simultaneous Fit

«  LHCb: Assume various scale factors/resolutions in DD* spectrum
 PANDA: Compute expected yield based on given estimates
* Generate spectra and perform simultaneous fit for E; to both channels

LHCb: DD* (N)

LHCb: DD* (Nx100)

LHCb: DD* (Nx1000)

£ N £ £
N g o5 [ 82000 'H{;; N 13000} .-n.
ol l 1000k ; 5 10000 ;
7 8ol s Hia '}%éﬁ 8000 '-. w-',-.p-"‘“
T e
N RS
o % %% } %H 200 o 2000}
TTT; L L . o
3850 8300 8950 4000 3;50 3900 3950 4000 0 eweeis50 3900 3950 4000
Ecm [MeV] Ecm [MeV] Ecm [MEV] '
LHCb; DD* (N, /2) LHCb: DD* (Nx20, 0/2) N 20 LHCb: DD* (Nx100, 0/2)
N €5 l. N §450- ot
8 ® “a00f H %ﬁgg— ii
- = w
20f { 250 ¢ ) ::gg: #
15 }H 2007 4 ﬁi 1000 £ .
S # g Hﬁ i ol St ol e
& %ﬁ}}@;}%ﬁg 4 o oo
0 385? 3900 32‘50 2000 3850 3900 3950 4000 o0 3900 3950 4000
E., [MeV]- E., [MeV] E., [MeV] -
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Simultaneous Fit

«  LHCb: Assume various scale factors/resolutions in DD* spectrum
 PANDA: Compute expected yield based on given estimates
- Hand-made simultaneous fit for E; — to fit two fctns, E shifted in between

PANDA HL: J/y Tt PANDA HL: DD* PANDA P1: J/ymTt PANDA P1: DD*
N ' = N wof |
2000 [- 8_| : |
1500 — :g) : e 7 : } % % { %
1000 | cl o I H
; Sl i | t H
500 |- I SoF I +
5 | |
o or ®
i I ‘ , . . | ‘ . ‘ ‘
E., [MeV] - shifted E., [MeV] - shifted
PANDA HR: J/{TTe PANDA HR: DD* LHCb: J/¢mmt LHCb: DD* (Nx100, 6/2)
250 | 6000 - |
N : | N s |
200 5 | 5000 |- I
150 — : % 4000 — |'
100 E | % ; 3000
E I 2000 [
50 F | F
: | 1000 — y -
0 ; »* ) 0 i |
5 . _ g | . ‘

E.n [MeV] - shifted
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Distinguish Nature in #std. dev. (incl DD*)

* Improvement by adding the DD* channel (dashed vs. solid lines)

* Againwith dE; = (E;q - B¢y )/ O

— LHCb toy:

no improvement in ROI

— PANDA toy: no improvement in ROI

dE, [o]

15¢

8
7
6
5
4 | —— PANDA HR
3
2
1
0

|E¢ it — Eqgnel in std.-dev.

1 4 ;_ .............. \ ............................................... )\ \ ................................
13 froees \ ........................................... \

12 ;_ .................................................................. R
1 1 ;_ .................................... y ....................................................... .

10;_ ................................. R AT
95_ ............................................................................. \ ..................

—— PANDA HL
— — PANDA HL sim.
—— PANDA P1

— — PANDA P1 sim.

— — PANDA HR sim.
—— LHCb sym N20

— — LHCb sym N20 sim.
—— LHCb N20

— — LHCb N20 sim. L - I. L
<9 85 8 75 7. 65 6 55
E thr E [MeV]
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Variations of LHCb Yield Scenario

* Investigate: N, Nx20, Nx100, Nx1000 and o, o/2
« Realistic estimates (N): no improvement in ROI

« Even for Nx100 + /2 or Nx1000: dE;= 1.2 ... 1.70

|Ef1flt E”hr| in std.-dev. (simu. fit)

— LHCb N20

dE, [o]

R —— LHCb N20 R/2
6 __ ......... 1“ ..................... .......................... LHCb N1OO [ ,,,
| N T LHCb N100 R/2 o

......... LHCb R/2
R |_HCb N1000

72MeV

1.660 ---mte- E S
1.240 et S E—
0.850 -----1.

r
F
[
I
- e -

e
¥
F o
el g e i ———
o

8 7.8 76 74 72 7

i E, [MeV]
Ef thr
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Summary / Conclusion

* LHCD results mostly reproduced
» Investigated possible DD* simultaneous fit

* In comparison to PANDA the results are (for E; = -7.2 MeV)
(with grain of salt due to simplistic modelling)

FWHM bias factor fitting BW to Flatté

Probability to confuse BW and Flatté case 50% 33% 5% 1% 1%
Significance to identify nature (bound/virtual) ~20 1.0c 3.00 3.1 950
Significance to identify nature incl. DD* channel* <1.70 3.00 3.30 9.50

*under certain assumptions made here

« Even adding DD*, LHCb seems not be able to identify nature =230
« PANDA superior in all aspects w/o considering DD*
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LHCb Paper - Open Questions (2)

« 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 - Open Questions (2)

« 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 (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

— x10° :

T T T T '
-------- Breit—Wigner
— Flatte

<, 400 |
350
* 300
=250
200
150
100
50

wa+w_

dR( Jjypmt =)

I
|
|
1
+
g
|
1
1
1
|
|I

| : . .
3.872 3.87
mJM,frﬁl—— [GEW
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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
0.15 |- i
0.1 f—
0.05 f—
0 f ._‘_'_'-"'—'h—

il
n

—-10
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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 (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}

=

3

o

40

e IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

&3;
30 0.2f
20 &1:
é%ﬁﬂ 386éléé%bléékaléé%éléé%éléQTAléETE
10 Eom [MeV]
0
1 2
FWHM [MeV]
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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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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

LHCb: )/t LHCb: DD* (N, 6/2) LHCb: J/ymmt LHCb: DD* (Nx100)
[Neooo E Nooo £ Nzoof
5000 F E 5000 F 1000}
4000F 4000 F sool
3000 3000 [ 600}
2000 E 2000 F 400
BE
1000 F 4r 1000 [ 200}
2f . .
03840 3860 3880 3900 0 3850 3900 3950 4000 3840 3860 3880 3500 3850 3300 3950 4000
E.., [MeV] E.., [MeV] E.., [MeV] E.. [MeV]
LHCb: J/ymm LHCb: DD* (Nx100, 6/2 ) LHCb: J/{mm LHCb: DD* (Nx1000)
Nsooof 2200 F [\ 8000 2000}
2000
5000 F 1800 F 5000 [ 10000 |
1600 F
4000 1400 F 4000 L 8000 |
3000] :igg 3000 6000 [
2000F 800¢ 2000 F 4000 [
600 F
1000 400 1000 [ 2000}
200F ) .-
0 3810 3860 3880 3500 385 3900 3950 4000 0 3840 3860 3880 3500 3850 3800 3950 4000
E., [MeV] E., [MeV] m [MeV] m [MeV]
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