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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/y ™1 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 [Hanhart et al, PRD 76 (2007) 034007
* Here only interested in X(3872) — J/{ Tt

dBr(B— Ka*m J/) _ p | I y74(E) bound |
dE 27 |D(E)? g
(assuming lineshape as in B decays) \

virtual

fE_Ef—g'le—g22K2+fr(:,_E], E <0, s

K . k I'E)
. D(E):_E—Ef—3222+;(g[,,_'+ 2), 0<E<3

E—|E|+ f(g';' +xk 4 L ff}), E> 5, P ]

MNumber of events/s MeV

¢ F(E) - qu+fzr_J,fq!;(E) + Ff;'rJ’fa'r‘ﬂ“.IM;(E) ) ’ ’ E[h:e"u’] 1 2 3
M=my;, dm Q(m)rp
J —— E)= :
mia1/W(E) = 1) me 27 (m —m,)* + 17 /4 Parameter E; determines
M=mysy dm g(m)T, state to be bound or virtual

F + E) =
T '”u“r’}*'!'( ) =Jo .Lmﬂ 27 (m —m,)* + 172 /4
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Lineshapes for different E;

Scattering length D°D°*:

Always scaled to f, ., = 50 nb here!

_ E, = -25.0 MeV _ E, = -20.0 MeV
£ 50 € 50
N2mr6 +2E /e +il7(0 ¢ ¢
a= — 2 f/g 0)/g 40 bound 40 bound
(V2u26 +2E;/g)* + 1'(0)*/g*
30+ 30
Re(a)>0 : bound state o] .
Re(a)<0 : virtual state J
10 104
| Re(a | L
2-225 ( ) //\\! Ef =-18.75 MeV °% _1'.5"!1"'_6.5'"d"'b.'s;"'iE' EJ[% evf D_z"!1'.5"!1"'_6.5"'d"'ta.'s;"'%E' E;[a evf
.06+ 4 1
o0 // \| / B E, = -15.0 MeV 3 E, =-10.0 MeV
Sl L / 2 50 € 50
0.027 \|W/ J J
0] bound-—<— virtual - 40 virtual 0 virtual
-0.02 l 30 30
] I
—0.04: |\ e 20 20
—0.06 i\ //
~0.08 : \// 10 10
72'5‘ o4 :2'3' o0 21 :2(')' 1 é' 1 :'3' 17 1 é.' :15 A A 2 4 6 8 E A T S A
£ [MeV] E-E, [MeV) E-E, [MeV]
f
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Reconstruction Part



Parameters

Branching BR(J/y — e*e) 2.97 %
Fractions BRUMW — p™ir) >-96 %
BR(X — J/y p% o> %
a(pp — X) 50 nb
Cross sections o(pp — J/@ T 1T~ non-res) ~1.2 nb (neglected)
o(pp — inelastic) @ 3.872 GeV 46 mb
L, (3.872 GeV) 13683 (nb-d)1
Luminosities Lyr (3.872 GeV) 1368 (nb-d)!
Luesre (3.872 GeV) 1170 (nb-d)t
dE_, . (absolute energy positioning) 100 keV
_ dE, (relative energy positioning) 10 keV
Resolutions

dE,..(HL) 168 keV
dE, .. (HR/HESRr) 67 keV
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Software and Data

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

 Data @ E_,=3.872 GeV

Chamnet s

pp = J/Y p¥ - ete T 98k
pp = J/Y pO - ptu e 100k
DPM (J/y — e* e prefilter) ~10M = 9.58G generated

DPM (J/y — p+ - prefilter) ~10M = 8.87G generated
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Background Prefilter QA

Filtering criteria

— Require 4 charged tracks

— Require one 2-track combination : m

— Suppression factor ete~ ;. =1/1000
— Suppression factor utu-: =1/900

Check filter bias (4l only)

— Cross check with criterium
m,, > 2.5 GeV/c? (10M — 2.6G)

— Slight difference at lower edge

of distribution

— Total integral difference: 1.9%
— Difference in J/y ROI: 0.4%

= Negligible effect!

18.11. 2015
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Signal Reconstruction

 Preselection ete:

Particle Identification

(PidAlgoEmcBayes;PidAlgoDrc;PidAlgoDisc;PidAlgoStt;PidAlgoMdtHardCuts)
— J/y — e*e~ mass window: 2.0 < m(e*te") < 3.4 GeV/c?
P% — T mass window: 0.27 < m(mt*m) < 1.0 GeV/c?

pp — J/y pl 4C fit

* Preselection ptu-:

18.11. 2015

Particle Identification

(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(Tttm) < 1.0 GeV/c?

pp — J/y p? 4C fit

. ElectronTight, PionAll

: X?<200

: MuonTight, PionAll

: X?<100
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Correlation M(J/{) vs. M(p©)

Signal: m{u*n) vs. m(n*n)

T 3.3
L P . |
502517, signa
—~ 323 .L
= ]
=3.15]
E s
3.1
3.05
2.95 3
- TR
291 e an
2.85—; - " -
2_8:.|....|....|....|....|....|...-.'|.... . I ] [N o |
03 04 05 06 0. 0.8 09 1 03 04 05 06 07 08 09 1
m(r*n) [GeV/c?] m(n*n) [GeV/c?]

18.11. 2015 K. Gotzen - X scan reloaded 10



pp System after Preselection

pp = J/Y PO - ete Tt T

Pp 4C fit (J/y— e*e’), preselection

®
> .
2 signal
3103- background
2
c
3
o
r"102‘5
10 -

B 11/

1] y

3865 387 3875  3.88
m [GeV/c?]
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pp = J/Y p¥ = pt u- T

pp 4C fit (J/w— u*u’), preselection

e
=
=
Ll

counts / 0.2 MeV/c?
=
[

-
o
ha
il

10 5

signal
background

3865 387 3875 388
m [GeV/c?]
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Final Selection Criteria

* Final selection e*e-
— Electron PID(e*) > 0.95
— m(e*e’) > 2.7 GeV/c?
— p(ete) >4.6 GeV/c
— Pcm(e*e’) <0.66 GeV/c
— 4(PesPe) < 2 rad

* Final selection p*u-
— Muon PID(u%) > 0.99
— Pem(MH) < 0.32 GeV/c
— Pem(ME) >1.37 GeVic

18.11. 2015 K. Gotzen - X scan reloaded 12



0.071

0.02]

0.01

Final Selection J/{ = e*e~ Channel

m(e*e’) >2.7 GeV/c? PID(e*)>0.95 PID(e")>0.95
1 0.9 =
E: signal '_'[ 08 '_'[
o] background E:
05 E 0:55 E
0.4 ; 0.4 :
03] -::n.a-% .
0.2 0.2
0.1] : 0.1 :
. . . 0 . . — 0 de—aliae . Sl |
2 25 3 0.6 0.8 1 0.6 0.8 1
p(ete’) >4.6 GeV/c A (Pe,,Po) < 2 rad p.m(e*e’) < 0.66 GeV/c
0.08 n.ng-f
; E 0.07] 0.08
; : 0.06 0.07
E -:1.05-5 0084
i oot oot
: 0034 0.03]
0.02] 0.02
0.01" 0.01-

*dOpcm
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Final Selection J/U — p*tu- channel

Pm(k) <0.32 GeV/c

0.054

0.04

0.03 4

0.02

0.01+

Pem(itt) > 1.37 GeV/c

0.081
0.07 4
0.06 1
0.051
0.04
0.03
0.02
0.014

xd0dOpcm

18.11. 2015

0.08
0.074
0.06-
0.05
0.041
0.03]
0.02]
0.01]

PID(u+)>0.99

0.9
0.8
0.74
0.6
0.57
0.4
0.3
0.2
0.1

P = i

06 o8 1

P.m(k) > 1.37 GeV/c

xd0d1pem
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0.9
0.8
0.7
0.6
0.5
0.4
0.34
0.2
0.1

PID(u-)>0.99
YRR R
xd0d1pidmu
signal
background
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Final Selection J/{ — e*e™ Channel

Preselection
€5 =16.12%, 5= 1.8-108 »
SIN=1:34

Final Selection
£ = 13.4%, £5=5.2- 101
SIN=8:1

m(J/y— e*e’) 4C fit, preselection
Geore = 10.1 MEVfCE " (ROI=%50
|s = 15802 1
1B=177

m(J/y— e*e’) 4C fit, full selection
1S =13096
1@:B=05

core)

counts / 4.0 MeV/c?
=
[ ]

=
%]
counts / 4.0 MeV/c?

10

1‘:

29 295 3 305 31 315 3.2 325
m(e*e) [GeV/c?

29 295 3 305 3.1 315 32 3.5
m(e*e) [GeV/c?]
18.11. 2015
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counts / 3.2 MeV/c?

-
o
[3=]
il

Final Selection J/{ = ptp- channel

Preselection
S/IN=1:750

m(J/y— p'w) 4C fit, preselection

Final Selection

€5 = 13.3%, €5 = 1.1 - 10710

1 Cuore = 7.9 MeV/c? (ROI=+50

1B = 4557

10 4

core)

|B=1.0

counts / 3.2_Ll'ur1'a-.‘~.*'fcr2
L]
[ ]

-
o
3]
tal

205 3 305 341 315 32 3.25
m(u*w) [GeV/cY
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SIN=4:1
m(J/y— p*p) 4C fit, full selection
1S =13347

3 305 31 315 32 325

m(u*p) [GeV/c?]
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Energy Scan Part



Possible Approaches

« Two obvious approaches possible to extract lineshape:

J/ mass Scanned cross section
1. Cuton J/¢ and count P
— simple + robust = W
— background still in S
scanned lineshape 3
L . m, o(E)
2. Fitsignalin J/y mass J/Y mass Scanned cross section

— removes hadronic bkg

— |
— fit on sparse signals 7 -\

might be problem

Show 1. method here B
(2. method in preparation)
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Uncertainties for Scan

Absolute positioning resolution: dE_,. = 100 keV (shift)
Relative positioning resolution: dE,,, =10 keV
Beam related energy resolution: dE, ., = 67(HR) / 168(HL) keV

o
=
=

Hesolutlun in E
1— dp/p = 1.0E-4 . .
{—dpip = 0.4E-4

dE,, [keV]

dEbeam j\ j\

dE |9 S|

ch r———J' r-—€>|
|
|
|
|

EDDE ....... E ............... ; .............. ?mmmmé ............... ; ........... ?mmmmj ............... i ..............

true 15{]_5 ....... ............... .............. ............. - ....... I .............. ............... —
positions /I D A P R R B B

ISR A 1 e
i > 1 : : poeed

|

|

|

T T s ;——-——-67kev
5{] _- ....... . ............. -. .............. . .- .......... :-. .............. ..- ..............................

intended positions 2 25 3 35 4 45 5

\4
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Procedure for Individual Scan

« Scan procedure
— Set parameters in signal function (Molecule or BW)
— Fix scan region, number of points, L,/ point
— Scale unfolded function og(E) to 0g ., = 50nb and
adapt convoluted function og'(E) — 0g' . < 50nb
— For each energy scan point E
* Modify energy E_, — E,, due to dE_,, dE,
« Compute expected S, and B, based on o'(E.,') and og
* Generate randomly S = Poisson(S,), B = Poisson(B,)
* Fill N = S+B (error = VN) in scan graph at position E,
— Fit graph with signal + background function — parameter P

* Repeat N times to determine uncertainty & bias of P
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Investigated Scenarios

* Luminosity modes (E,, = 3.872 GeV): N, =3

L. [(nb-d)] 13683 1368 1170

« Parameter settings: N, = 6 / mode

IEE-----

Molecule E;[MeV] -25

N Investlgated scenarios: N =5 Will show results for these

Scomtime monthl | 15 | 2 |2 | 2 | 10

Points x days 21 x2 21x3 31x2 61x1 61x5
« Toy MC fits: N,,c = 500/100 (N, =N, - 2N, Ng* Ny, > 50000)

Physics mode Breit-Wigner T Molecule E;

Number of fits 500 / setup 100 / setup
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Molecule

Breit-Wigner

Lineshape Examples

~ E, =-25 MeV
'n -
'E,;SO unfolded
© HR: o = 67 keV
40 HL: 6 = 167 keV
30+
20+
104 k
L e T LN N e
-3 -2 -1 0 1 2 3
E-E, [MeV]
_ [ = 50keV
£ 50
n><
40
304
204
104 A
04— ,.J,k., —
-3 -2 -1 0 1 2 3
E-E, [MeV]
18. 11. 2015

E, = -20 MeV

2 3
E-E, [MeV]

[ = 100keV

23
E-E, [MeV]
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E; = -15 MeV

2 3
E-E, [MeV]
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events

Scan Examples Breit Wigner

HESRr: 21 x 2 days

[ =100 keV

Scan 21 x 2340nb™"/ " = 100keV

80
70 -

60 -

Prob
A

m

m,
e
r
a

0.148

15.492 + 2.641
—0.096 = 0.017
0.067 £ 0.000
0.093 £ 0.043
15716+ 1.118

18.11. 2015

E - E, [MeV]
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HL: 31 x 2 days
=500 keV

Scan 31 x 27366nb™"/ I = 500keV

Prob 0.048
A 906.847 + 31.672
Mg -0127 £ 0.2
Sheam 0.168 + 0.000
r 0.550 + 0.035

a 203.085 £ 3.516
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Scan Examples Molecule Lineshape

HESRr: 21 x 2 days
E;=-12 MeV

Scan 21 x 2340nb™ / E, = -12MeV

g ] Prat 0.465
:ﬂ:'..‘r 120 1 Opcam 0067 + 0.000
(] 1 Ay 15.938 + 2.624
dE. 0.046 £ 0.112

100 E, —12.317 £ 0.732

1. 0.007 + 0.000

1 0.036 + 0.000

b 0300 + 0.000

B 307E2.387 £ 4749.834

18.11. 2015

HL: 31 x 2 days
E;=-25 MeV

Scan 31 x 27366nb™” / E, = -25MeV

L:"* 900 Prab 0.620
;ﬂ;} Sicam 0.168 = 0.000
GJBUO': a, 208.880 = 3.217
] dE_ . ~0.000 = 0.000
700 ] E, 25,618 = 0.052
] f, 0.007 = 0.000
600 ] i, 0.036 +0.000
1 g 0.300 = 0.000
500 _ B 4659.625 = 133 497
400
300-;
200-
100
0 e
-2 -15 -1 05 0 05 1 1.5 2
E - E, [MeV]
24
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—120
S, 1 . —— HESRr mode
- relative error
[_"" —i— HR mode
§ 1 00_ ....................................................................................... HL mode
)
E;. ............................................................................................................................................................

Sensitivities Breit-Wigner I (21 x 2d)

Extract standard deviation and bias from toy MC fits

« Show relative error ag/l's, and bias ([, - [')/I" In [%]

Sensitivity BW T" (21 x 2d)

—

0 1

C’_
(]
D_
(=]
(7]
(e B
Q
n
(e B
(]
()]
-
(=]
()]
-
(=]
h‘\l
O -
(]
(8]
-
(=]

I [keV]

18.11. 2015

30

Bias BW I" (21 x 2d)

—100
& 1  relative bias | 7% HESRrmode
[ GO —— HR mode
s ] —=— HL mode
< 601
40-
20-
0-
_20{ ............................................................................................................................................................
_40__ ........... i ................. E ..............................................................................................................................
0" 160 200 300 400 500 600 700 800

I [keV]
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-
N
o

—_

o

o
|

rel. error Iy, [%]

Sensitivities Breit-Wigner I (31 x 2d)

Extract standard deviation and bias from toy MC fits
« Show relative error ag/l's, and bias ([, - [')/I" In [%]

Sensitivity BW T" (31 x 2d)

—o— HESRr mode
—— HR mode

—— HL mode

relative error

iy
o
o

Bias BW T (31 x 2d)

relative bias |* HESRrmode
N —i— HR mode
] —8— HL mode

o
o
1 4

bias I';, [%]

I [keV]

18.11. 2015

— e ...
S N
100 200 300 400 500 500 700 800

I [keV]
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Sensitivities Molecule Lineshapes (21 x 2d)

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

Lo

;'—1 0. __ ............. =S

Sensﬁwﬂy Ef (21 X 2d in HESRr) _ SenSItIVIty Ef (21 X 2d in HL)
: virtual 2 i - VIrtuaI ................... -

1 4 _________________ m.ls.m.a.t.ch ___________________ Lo W WS A - "'"—14—:--5 ----------------- ml-s-m-a-t-ch ------ - — e

| B L | : |
—16—"§ _____________________ ( ________ _)V) __________ ___________ - ____________________ _____________

PR R T N

_20 ____________________ ____________________ ______________ . 7 ____________________ _____________
_22_: .................... .............. ........... E ....... .................... ............. _22_ ____________________ ____________________________________ E ....... ............... ...... 0 .............
o mlsmatch I T mismateh

o4 ________________ ____________________ " _______ _________________ (V—>B) _____________

bound _24-€ __________________ é _________________________________________ - i ________ é ___________________ ?mmm?mmmé _____________

: : bound : : : :
26

26 24 22 20 18 -16 —14 12 26 24 22 20 -18 -16 —14 12
Ef,. [MeV] Ef,., [MeV]
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Sensitivities Molecule Lineshapes (31 x 2d)

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

Sensﬁmty Ef (31 x 2d in HESRIr)

[MeV]

Efflt

144

167

207
227

—24—§

—12—§

18]

—26j§-

...,J.,,\ ..............

V|rtual

| mlsm.é.t.c.h ....... S SR S N

>
@
2—12-;

ffit

e e b mismatch

247

143
167
18]

204

267

Sensﬂnnty Ef (31 X 2d in HL)

V|rtual

F r‘nlsmatchi ....... .................... .................. .............

..............................................................................................................................................................
B-fio0o00000000000000000fososoatmnasasassasnosnasaoacoooanomunsadnoonononooo SEEE  NECURR R ST AR S
FO P PO U IS ITOTIOOPNNIN B AN ... o000 oonooonaoaoosdenoosunssscasoomnoodonsossooonacosoasoodbosnaoaoosos

(V—> B)

bound

.................................................................................................................................................................

e
26 24 22 -20 -18 -16 -14 -12

Eftrue [MeV]
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26 24 22 -20 -18 -16 —-14 —12
Eftrue [MGV]
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Probability of Mismatch

« Take uncertainty as gaussian sigma
 Integrate part of gaussian leaking into mismatch region

Mismatch probability (21 x 2d) Mismatch probability (31 x 2d)
I~ 35 : e HESRrmode | 5%, 3 | —&- HESRr mode
B 30 b —&— HR mode B 30T I ..................... —&— HR mode
1 | —#- HL mode 1 | —8- HL mode
25{ .............................................................................. : ................................................................................. 25{ .............................................................................. : ...................................................................................
20{ ...................................................................... $\* ................................................................... 20{ |
15{ ....................................................................... H ............................................................... 15{
S0 [ T | S S S— |\ 101
5_ ........................................................................................................................................................ 5_
O_I ..... I ...I — I..I ..... III ..... . ...I — I...I ..... I... O_I e . i M s
26 -24 -22 -20 -18 -16 -14 -12 26 -24 -22 20 -18 -16 -14 —12

virtual Eftrue [MEV] bound ' virtual Eftrue [MEV]
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* Investigation of X(3872)-Scan at PANDA in various scenarios

« Determined sensitivity for BW width measurement
— Reach /o >3 atl = 150 keV (2 months data)
— For =270keV bias AI'/T =10% ( " )
— HL mode superior for [ > 150 keV

« Determined sensitivity for molecular lineshape measurement
— Possible to distinguish bound/virtual state
— In transition region P < 20 - 25% for mismatch
— HL seems slightly better than HR modes

* Further steps
— 2"d approach to extract lineshape (J/y yield per scan point)
— Prepare update for CM Vienna

18.11. 2015 K. Gotzen - X scan reloaded 30



BACKUP



Background Prefilter

 Reasonable S/N sensitivity: need huge amount of BG

« Example calculation:
— Signal: og = 50 nb, BR;,, = 0.06, BRy = 0.05, €5 = 20%
— 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
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Flatness Check of Cuts

« We want to interpolate background in ROI preselection
. ft t
— Cuts should not distort background shape! e
m(e*e) >2.7 GeV/c? PID(e*)>0.95 PID(e’)>0.95
30 1 304 30 1
25 NN 25 1 251 -1
20 | . 204 |- 201 4
PR ST oty
10 T 101 | —+ 10 £
51 + 51 +—— + _|_ T 5{ +— +__
" 306 308 31 312 314 " 306 308 31 312 314 " 306 308 31 312 3.4
p(ete’) >4.6 GeV/c 4(PessPe.) < 2 rad Pcm(e*e’) < 0.66 GeVic
304 304 304 I

X U SRR RS ST N ST
T LT :ﬁﬁiﬁ@

_|_
306 308 a1 812 34 306 308 81 512 34 Ta06 308 31 812 54
+ta—- 2 +a— 2 o o
1511 0015 M(e’en) [GeVic?] « o M(e*e) [GeVic] m(e*e") [GeV/c?] .



Flatness Check of Cuts

Pem(ii) < 0.32 GeV/c

. b i”

ty

PID(u+)>0.99

i
i =T ey

20} . b ) 204 My wbadn 4
M |-|-++'|'|'-|.|.‘|' +‘|‘+ H'l'l_‘|'|'-|-++'|+l_ t f Hy +|_'|-|-|-++ H o iyt ++++'|+H iy ' -|-|-|_'|'|'|'+'|' _'+'_++ +H++-|+In-|- #H

. 308 31 312
Pm(lt) > 1.37 GeV/c

H
ﬁn‘

Iy
. Wﬂlﬂlmﬂ Nlml"hu||'|*|”a'|“|w

.06 3.08 3.1 3.12
Pem(k) >1.37 GeV/c

jllmulmﬂ'l'wulnu.ﬂg,tlﬂlww

3.08 3.1 3.12
m(uu-) [GeVic?]

18.11. 2015

3.08 3.1 3.12
m(u*u) [GeVic?]
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PID(1x)>0.99

|

ol
P il i i A

1

201 +}++++*+++ +++ ++*+++++ At

X 31 312
m(u*u-) [GeVic?]

preselection
after cut
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Energy Scan Principles

« Energy scan — residual cross section after some selection

* Principle contributions in this measurement:
— Signal X(3872) — J/{ 1ttt (50 nb)
— Non resonant J/{ Tttt production (~1nb, neglected)
— Non resonant light hadron background (59mb)

J/P mass Scanned cross section

m, o(E)
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