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« Nature of X(3872)
— Need lineshape and width to understand structure

« Approach at PANDA
— Fine scan around nominal mass
— energy dependent cross section
* Analysis goals
— Sensitivity of ' measurement (conventional BW)
— Sensitivity for virtual/bound state (molecular picture)

« Analysis strategy
— Analysis of X(3872) — J/Q(£*L~) p°(Ttt1r) channel only
— Full sim/reco — signal + background efficiencies €5 and ¢;

— Toy MC scan simulation with assumption for cross
sections, integrated luminosities, BRs
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Molecular Picture (Hanhart et al)

Lineshapes from [Kalashnikova et al, Phys. Atom. Nucl. 73 (2010) 1592]

* Here only interested in X(3872) — J/{ Tt R
bound
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Lineshapes for different E;

Scattering length DODO*: Always scaled to same f

max
B E, = -14.0 MeV - E, = -10.0 MeV
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Parameters

Parameter Value

_ BRJ/y — e*e’) 5.97 %
Branching g3y - p* 1) 5.96 %
Fractions BR(p? —> T+ 1) 100%
BR(X — J/w p°) 5%  (UL: 6.6%)
Opeak(PP — X) 100 nb (UL: 169nb)
Cross sections o(pp — J/w 11~ non-res) 1.2 nb* (theory)
o(pp — inelastic) @ 3.872 GeV 46 mb
Luminosities  HL (3.872 GeV) 13683 (nb-d)1**
Liesrr (3.872 GeV) 1170 (nb-d)1**

AE .. (energy prec. w/ calibration) 168 keV (dp/p = 10%)
AE,, (relative energy positioning) 1.7 keV (dp/p = 10)
AE om (HL) 168 keV (dp/p = 104
AE, .m (HESRTr) 84 keV (dp/p = 5-107)

* [PRD 77 (2008) 097501]
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Signal Cross Section - Remarks

[Eur. Phys. J. C73 (2013) 2462]

« LHChb: B(X—>|§p) < 0.002: B(X—>J/L|J T 'IT) (CL95) [arXiv:0910.3138v2 (2009)]
« Review paper + PDG: 2.6% < B(X—J/p 11 11) < 6.6% (CL90)
« Crossing Symmetry (or detailed balance) gives at peak

127

Opeak,pp—X = =75 5 - B(X — pp) < 2.56ub- B(X — J/yr ™)
MX — 4m \_Y_/
‘ v ' k-(197.3 MeV-fm)2-0.01 b/fm?-0.002
2.6% 5% 6.6%
= Opeak, ppox < 67 an .. 128 nb ... 169 nb @ CL95 - CL90

product of LL and UL not an UL!

* Use Opcpp x = 100 nb instead previous 50 nb
(BESIII uses B(X—J/w21) = 5% in some paper = 0,5 , x < 128nb)

new M. Galuska
* NB:o,;_, x - B(X—J/yp2m) =100nb - 5% = 50nb - 10% = 5nb (same!)
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Software and Data

e Software
— PandaRoot: Revision 28670
— FairSoft: marl5p2
— FairRoot: v15.03

 Data @ E_,=3.872 GeV

Channel  [#Evens
pp = J/Y p% - ete- T 98k

pp = J/Y p% - puty- Mt 100k

pp = J/¥ (- ete’) mrm (NR) 100k

pp = J/Y (= pp) e (NR) 99k

DPM (J/{ — e* e~ prefilter) ~10M = 9.58G generated

DPM (J/y — u* u- prefilter) ~10M = 8.87G generated

02. 03. 2016 K. Gotzen - X(3872) scan 9



Background Prefilter QA

 Filtering criteria
— Require 4 charged tracks

— Require one 2-track combination : m.,,, > 2.8 GeV/c?
— Suppression factor ete~ : =1/1000

_ i - o~ o [T T —e— my, (un) > 2.5 Gevic?
Suppression factor utu—: =1/900 2250 28 ooV
« Check filter bias (L only) 55 500l
— Cross check with criterion £ |
m,, > 2.5 GeV/c?(10M — 2.6G) 315

— Slight difference at lower mass edge
— Total integral difference: 1.9%

50p
= Negligible effect! - PANDA

MC simulation

03957300 3.05 310 315 320 325
Mg (1) [GeV/c?]
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Signal Reconstruction & Pre-Selection

 Preselection ete:

— Particle Identification  : ElectronTight, PionAll
(PidAlgoEmcBayes;PidAlgoDrc;PidAlgoDisc;PidAlgoStt;PidAlgoMdtHardCuts)

— J/y — e*e~ mass window: 2.0 < m(e*te") < 3.4 GeV/c?
— P9 — T mass window: 0.27 < m(mttm) < 1.0 GeV/c?
— pp — J/y p%4cC fit : X2<200

* Preselection ptu-:

— Particle Identification : MuonTight, PionAll
(PidAlgoEmcBayes;PidAlgoDrc;PidAlgoDisc;PidAlgoStt;PidAlgoMdtHardCuts)

— J/y — pry~mass window: 2.5 < m(ptu) < 3.4 GeV/c?
— p% — Tt mass window: 0.27 < m(tt* 1) < 1.0 GeV/c?
— pp — J/y p°4C fit : X2<100

02. 03. 2016 K. Gotzen - X(3872) scan 11



Data distributions
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Pre-selection Results
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MC simulation 1

Opore = 8.4 MeV

PAN DA

MC simulation -

Ocore = -0 MeV

)/ e

counts / 3.2 MeV/c?
o

)

10}
10} :
1} :
2. 9'0' 5653.003053.103.153.203.05 295 3.00 3.05 3.10 3.15 3.20 3.25
my(e'e) [GeV/c? My () [GeV/e?

R Iy — -
Efficiency Epra [10 7] Eppna [10 7]
Pre-select. 19.1 1150 17.3 24.2 29300 21.8 1:1087
Final select. 12.2 1.0 2.8 15.2 4.5 3.0 2.7:1

Final(£30)  10.1 0.13 2.3 13.1 0.56 2.6 1041



Final Selection Criteria

* Final selection e*e-
— Electron PID(e*) > 0.95
— mg(e*e’) + mg (Trrm) > 3.77 GeV/c?
— 3.867 GeV/c? < mg, (e*e ) < 3.874 GeV/c?
— Pem(e*e’) < 0.4 GeV/c
— 4(Pe+:Pe.) < 2.1 rad

* Final selection y*u-
— Muon PID(u*) > 0.99
— Mg (MTP) + mg, (T7711) > 3.78 GeV/c?
— 4(p,..p,.) < 1.4 rad
— Sphericity 5<0.11

02. 03. 2016 K. Gotzen - X(3872) scan 14



Final Selection Results

NO 1 T LI B | LI T T ¥ '_| L LI NO [ ! ! | ' ! ! ! | ' ! '_' | ' ! ]
> - ' > - PANDA |
% 103:' J/LIJ — e+e MPC&HBMA“? % 103__ J/LIJ - l"l+u' MC Simulation_‘
o | signal RE ~ | ;
; L NoN-res -;
< 10°p PPV < 107
Q [ Q -
& O [

DPM
scaled

29 30 31 32 30 31 372
my(e’e) [GeVIe? () [GeVIc?

R Iy — -
Eppyy [10 777 Eppy [10 777
Pre-select. 19.1 1150 17.3 24.2 29300 21.8 1:1087
Final select. 12.2 1.0 2.8 15.2 4.5 3.0 2.7:1

Final(£30)  10.1 0.13 2.3 13.1 0.56 2.6 1041
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Parameters R

+ All relevant parameters used for scan

Symbol Value Description
B(X — J/vp") = Bx [%] 5 branching fraction of X (3872) decay
B(J/Y — eTe™) = Bee |%)] 5.971 branching fraction of the J/¢» decay
B(J/Y — ptTu~) = B, [%] 5.961 branching fraction of the J/¢ decay
B(p® = nta™) [%] 100 branching fraction of the p¥ decay
0S.max 1] 100 peak production cross section of X (3872)
OB,gen [Mb] 46 cross section of generic background
o NR [1nb] 1.2 cross section of non-resonant J/¢7r 7~ prod.
Lyr, [1/(nb-d)] 13683 HL average luminosity
Lygsgy [1/(nb-d)] 1170 HESRr average luminosity
AFEPL [keV] 167.8 center-of-mass energy spread in HL mode
__AFyR keV] 83.9 center-of-mass energy spread in HESRr mode
g tscan [d] 80 total scan time
Necan 40 number of scan points
I'x [keV] [50, 70, 100, 130, 180, 250, 500] || parameter range Breit-Wigner study
|y [MeV] —[10.0,9.0,8.8,8.3,8.0,7.5,7.0] |) parameter range molecule line shape study

-

02. 03. 2016 K. Gotzen - X(3872) scan 17



Possible Approaches

Two obvious approaches possible to extract lineshape:

J/ mass Scanned cross section
1. Cuton J/y and count —
— simple + robust — w
— both backgrounds still 8
in scanned lineshape =
BDPM
L . m, o(E)
2. Fitsignalin J/y mass J/Y mass Scanned cross section
— removes DPM bkg P
— NR bkg still present 7 -\
BNR
Use 2. method here! "
DPM

02. 03. 2016 K. Gotzen - X(3872) scan 18



Uncertainty Assumptions for Scan

« Beam related energy resolution: AE_ ., = 84 (HESRr)/ 168(HL) keV
 Absolute positioning (calibration): AE_, = 167 keV (shift)
» Relative positioning resolution:  AE,, = 1.7 keV (negligible!)

dE in HL (dp/p = 1E-4, scales linearly)

ﬂErel;‘rep___L_____ _}d ______ A LLIE '
T dE;, }T T E ” 150; e ﬂxo5 ------------------

e ] | ? At
Ey E, E. 100_; | _ — 84mk§eV R
e Ty 45 5 55 6

E. [GeV]
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Procedure for Individual Scan

« Scan procedure
— Set parameter P (" or E) in signal function
— Define scan region, number of points, L,/ point

— Scale unfolded function og(E) to 0g ,,, = 100nb and
adapt convoluted function o*5(E) — 0%g ;1. < 100nb

— For each energy scan point (E.,,)

1. Modify energy E.,, — E_,,' according to AE_

2. Compute expected S,/ Bppy o / Byr o based on 0*s(E.,,,) / Oppy/ Ong
3. Generate Poisson random num. S/ Byp,, / Byg from expected ones
4. Generate J/y data with S+B, signal and B,, background events

5. Do unbinned ML fit to extract Ny, * s\ — Scan graph at E,,

— Fit graph with signal + background function — parameter P

* Repeat N times to determine root-mean-square & bias of P

02. 03. 2016 K. Gotzen - X(3872) scan 20



60

40r

201

Lineshape Examples

Unfolded

HR (=84 keV)
HL (=168 keV) -

60r

40r

201

05

E-E, [MeV]

=)
[
| L
—
|
=
[y ]
D_

=500 keV

[I_|5 1 15
E-E, [MeV]

02. 03. 2016

45

05

E-E, [MeV]

E-E, [MeV]

K. Gotzen - X(3872) scan

5 1 05 0 05 1 15

—&— Unfolded
-8 HR mode
- HL mode

% 100 200 300 400 500
I [keV]
Peak values

2100} A——hh—h—A—h—a ]

—,'c —&— Unfolded
£

o 80 -8- HR mode
- HL mode

10 295 -0 85 -8 75 -7
E, [MeV]
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Signal/Background PDF for ML fits

« Softened selection for p*u-

— Muon PID(u*) >0.8

— Mg, (U*P) + mg, (TT717T7) > 3.65 GeV/c?
« Signal: Double-Gauss
« Background: Parabola

Signal PDF Background PDF
o AN A g XN 980 /95 L RN 152/ ndf  85/97
s PANDA $ | N 221e+04 £ 1.49e+02 < 35 PANDA
% 3000F mc simulation . u * 31+ 00 %‘3 | MC simUlation a, —-172+50
= S, 0.00772+0.00007 = 130F a 111£1.9
N 2500k O3 0.0457 £ 0.0011 o [ a, —16 3+05
CV) [ b R 378+0.10 C") 25_
£ 2000} ® |
= | s % | | || ! | !
i '] " | |' |
© 1500 T I[ll' b 'i!!' Sy “||II ' |F! i '“
500 5k B i
TS 00 305 390 3.15 320 395 0 9573.00 3.05 3.10 3.15 3.20 3.25

mfit,(;and(L'L H) [GeV/Cz] mfit,cand(u*-u-) [GeV/CZ]
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Scan Procedure Example

« BW Example: [' = 130 keV, 20 points
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ELLE
mii"ly [Eevic]
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THOTETE
mir'T) [Seuic’]

K. Gotzen - X(3872) scan
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Enries 300
Mean -0.78
/[ RMS 3388
Prob: [Tk
A 3751+ 0.357
p [keV] -1.375+ 3.500
o [keW] 424447

4

50 -100

50 100 150
rme:as_r[] [kEV]



Sensitivities Breit-Wigner I (40 x 2d)

« Extract standard deviation and bias from toy MC fits
* Show relative error rms. /. and bias (I, - [,)/T, in [%]

Sensitivity

— 80— —
> PANDA —e— HESRr mode >
ﬁ?OZ-MC-study ............................ o HL mode r_?
e [ h\
|_‘[: BOf e N I'—40
) ol 5
LE5O_ ...................................................................... - g
4ok — 50 @[=90...120 keV =
HL HESRr
————— s e e et e e et By
100 200 300 400 500
I'; [keV]

3OﬁANIDA | —e= HESRr mode
D5} M sty .

DO oot ]
15;. ................................................................. B_
_5 u T.G_;R._.:..GI__._.____.__.____.__.__.__
10 85~ —"500 3060 400 500"

Relative Bias

T, [keV]
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Sensitivities Lineshapes (40 x 2d)

« Extract standard deviation and bias from toy MC fits
« How well can virtual and bound state be distinguished?

(¢ ) HESRI mode (d) HL mode

[T T
5 'PANDA 7l PANDA [o—
= _7 I\’I’Cx:studj > MCsTud_; |

"7 5 mismatch

rhismaitch

~10. 5, _________________ _____ e s : O _ -
—10 —9 5 —9 —8 5 —8 —7 5 —7 —10 —9 5 —9 —8 5 —8 —7.5 —f
E Ero [MeV] E E;o [MeV]
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Mis-ldentification Probability

« Take uncertainty as o, ..., — Integrate in mismatch region

imismatch/,\ Mis-Identification Probability

w
o

"~ virtual | —
] PANDA —8— HESRr mode

L MC . study..

w
o

| —— HL mode

&
|
|
|
|
!
|
|
|
|
|
|
|
|
|
]
P [%]

0.45 : : : - : 1
0.3F
0.25F
0.2F
0.15F : i : : ; :

20}
15F

10f

-10 95 -9

E [MeV]
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 Investigation of X(3872)-Scan at PANDA

« Main scenario: 40 x 2d data taking

« Determined sensitivity for BW width measurement
— Sensitivity /A’ > 5 at" = 90 ... 120 keV
— Bias (I" - ')/, no problem over full range
— HL mode superior over investigated range

« Determined sensitivity for molecular lineshape measurement
— Possible to distinguish bound/virtual state
— P, > 95% (all investigated settings)
— Pygsrr > 95% for |E; - E; | = 750 keV
— HL mode superior over investigated range

Release note ready for review
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Lineshape Examples

N E; =-14 MeV 3 B E;=-5 MeV
.E).( 504 n unfolded 'E,'c 50 E).( 50
© i HR: o, = 67 keV ° ] ©
401 HL: O = 167 keV 40-: A0
w J
5 301 A 301 301
(@)
() ]
o 20 20 20+
101 k 104 10
D""I""I""I""I""I"" G-"""""""" LR L D""I""I""I""I""I""
3 2 A 0 1 2 3 -3 0 1 3 2 2 3
E-E, [MeV] E-E, [MeV]
_ [ = 50keV B B [ = 500keV
£ 50 i —— £ 50 £ 50
o 5 5 6
UV 40 40 40
C .
.g‘o Gmax ]
; 30 30 301
. much | H
'q—) 20 |OW€I’| 20_: 204
h ] N
(aa] ]
10- JK _____ 10+ i' 101
0 r——T— T D--"'|""|""|""|""|"'- e B L e e
3 2 A 0 1 2 3 3 2 4 0 2 3 -3 2 2 3
E-E, [MeV] E-E, [MeV] E-E, [MeV]
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Background Prefilter

 Reasonable S/N sensitivity: need huge amount of BG

« Example calculation:
— Signal: og = 100 nb, BR;;, = 0.06, BRy = 0.05, €5 = 10%
— Background: oz = 46 mb (inelastic @ E_,, = 3.872 GeV)

S s €8

!
-BR - BRx >1
N op-en J /) X =

05 €S
0B

= Np > 1/eg = 1.5- 10’

=€ < -BR,;y, - BRx =6.5-107"7

— Neither feasible nor efficient to simulate completely

— Use FairFilteredPrimaryGenerator to filter already at
generator level

02. 03. 2016 K. Gotzen - X(3872) scan 30
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QA Plots for J/ = e*e™ Channel
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Comparison to Previous Analysis

« Settings similar to 2009 study:
— AE, ., (HESRr) = 33.6 keV (dp/p = 2:10)

— Ng.an = 20 (2d per position)
= Compatible sensitivity, bias different
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16.8/86.9 = 19.3%
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K. Gotzen - X(3872) scan

[Fit with Constant Plus Convolution
— of Breit-Wigner and Gaussian
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