Measurement of X(3872) — v/ /v,
yY¥(2S), and D*°D

Junhao Yin, Jingyi Liu, Jielei Zhang, Changzheng Yuan, Jingzhi Zhang
IHEP, CAS



Introduction

* After the first observation of X(3872), our knowledge of X(3872)
has been greatly improved.

* The mass and width are measured preciously using mrt/ /1 decay

mode
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Datasets

Vs (GeV) Luminosity (pb~!)

 XYZ data around 4230: 41783 3189.0
4.1888 521.9
4.1989 523.7
e BOSS version: 7.0.3 4.2092 S11.2
42187 508.2
= 06 4.2263 1092
o - —4— data
= o5k — Y(4260) 4.2357 528.9
% : ---- Phase Space
2 oaf -~ Lingar 42438 532.7
i 0.3; 4.2580 826
5 o2 4.2668 529.3
X o 42777 174.5
“a.,_- o &= R

E Y
i
—
I
(%]
L_
m.
I
=~
I
n



X(3872) » y] /Y

*Event Selection

* Two good charged tracks
* W DPpmpc > 10, EEMC <04
* e:PMpc > 10, EEMC > (0.8

* At least two good photons
* Cluster from barrel: E > 25 MeV
e Cluster from endcap: E > 50 MeV

e 4C kinematic fit
* The two photons with largest deposit energy are used
* Photon with larger energy after 4C named yy, the other one named y;
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We require yz. < 40.

Very clear signal in uu mode, but not so evident in ee mode because the QED background is
much higher.

Set signal region: M(ll) € [3.08,3.12] and sideband region: M(ll) € [3.02,3.06] and
M(ll) € [3.14, 3.18].



For uu mode
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The angle between yy ;) and Z axis should be € [-0.7, 0.7] to suppress bhabha backgrounds.
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To reject the background from e*e™ - YXcp Xeg = VI,
require ‘M ()/L]/l/) — m()(c1,2))‘ > 0.02
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The 2D view on M(y/J/y) versus M (ll) in uu mode shows clear signal of X(3872).

There is no peaking background from the inclusive MC studly.
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For ee mode
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We generate ete™ — yX(3872) assuming the signal come
from Y (4230), the weighted reconstruction efficiency is
computed as:

Zillei Li-op-(1+6)-(1 +5)vp

B Z%lﬁi "0 - (1+5) ) (1+5)vp
= 31.7%(14.7% for ee)

where the cross section is obtained assuming X(3872) decay
from Y4230 decays.
The parameters of Y4230 are obtained from PDG:
M = 4230 MeV,I" = 55 MeV.
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» Unbinned maximum likelihood fit is performed simultaneously. The mass spectrum is fitted with
two components:
» Signal: described with MC shape, assuming M(X3872) = 3.87246 GeV,I" = 0.0012 GeV
» Background: described with a 2"d-order Chebychev polynomial
» Goodness of the fit: 90.9/92=0.99; the statistical significance of X3872 is 4.10
> The efficiency and branching fraction corrected signal yields: (24.3 + 6.6) X 10%, branching
fraction means Br(J /Y — uu/ee).
> The average Born cross section is 0.27 + 0.07 pb for /s = 4.18 —— —4.28 GeV



X(3872) - yy(25) (up)
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Y(2S5) — up mode is also used in reconstruction require
M(up) € [myr — 0.02, my + 0.02], xic < 40.

The QED background is high and the signal of ¥(25) or X(3872) is not evident.
The QED background in ¥ (2S) — ee mode is much higher, which is not used.



X(3872) = vy (2S)(mr] /)

* Event Selection

* Four good charged tracks
* UW:DPmbpc > 10, EEMC <04
* €:Pupc > 10, EEMC > (0.8

* T:PmMmbDC <1.0

e At least two good photons
e Cluster from barrel: E > 25 MeV
e Cluster from endcap: E > 50 MeV

e 4C kinematic fit

* The combination with least yZ. is kept as best candidate
* Photon with larger energy after 4C named yy, the other one named y;
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One kind of background is ee = nJ/y,n —» t " w°, which has the same final states as signal MC.
IM(yy) — m(w®)| > 0.015 is required to veto this process.



Event/ 0.004 GeV/c?

The process of eTe™ = n™m~P(25), Y(2S) = YXcp Xej = ¥/ /P also share the same final states with the signal.
We require | M (TT11) yecoii — (P')]>0.02 GeV to veto the eTe™ - mTm~(2S) backgrounds.
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40 steams Inclusive MC study implies low level of background and no peaking background.
The background level from inclusive MC is under-estimated compared with data.
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» Unbinned simultaneous maximum likelihood fit to extract signal yields.
» Ratios of X3872 from the two samples are constraint to the corresponding branching

fractions and reconstruction efficiencies.

» The mass spectrum is fitted with two components:
> Signal: described with MC shape, assuming M(X3872) = 3.8719 GeV,T = 0.0012 GeV
» Background: described with a 2"-order Chebychev polynomial

» Corresponding reconstruction efficiency and branching fraction corrected signal yields:

(0.0 +5.1) x 10?2

» Goodness of fit: 68.2/92=0.74
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Normalized Likelihood
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X(3872) - yDD

*Event Selection
* Use double Dtag to reconstruct D — Kn, K, Krerr®

* At least two good photons
e Cluster from barrel: E > 25 MeV
e Cluster from endcap: E > 50 MeV
e Cluster is not from D candidate

* 4+n(pi0 mass)+2(D mass)C kinematic fit
* The combination with least y2. is kept as best candidate
* Photon with larger energy after 4C named yy, the other one named y;

* x2.(yDD) < x2.(n°DD)
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Full rD region:
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X(3872) » °DD

*Event Selection
* Use double Dtag to reconstruct D — Kn, K, Krerr®

* At least three good photons
e Cluster from barrel: E > 25 MeV
e Cluster from endcap: E > 50 MeV
e Cluster is not from D candidate

* 4+n(pi0 mass)C+2(D mass)C kinematic fit
* The combination with least y2. is kept as best candidate
* Photon with larger energy after 4C named yy, the other one named y;

* x2.(yDD) > x2.(n°DD)



- — All data
- — signal MC
- — 4230 inc MC

lluul#ll:l-llll |
rJ

Events / 4
O O NN W A OO ~
|

0 20 40 60 80 100120 140 160 180 200

2
xnC

Comparison between data, signal MC, and inclusive MC, the X%c is required to be
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After require D*(2007) mass window(mp+ &+ 0.004 GeV/c?), the signal of X(3872) does not change.
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Very clear signal of D*® - yD? in the higher side in the M(DD=°®) spectrum.
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The weighted efficiency for yDD and t°DD mode are 1.9% and 1.3%, respectively.
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> Requiring at least one of D mesons coming from D*?, unbinned maximum likelihood fit
are performed simultaneously to the mass spectra.
» Two components are included in each fit:
» Signal: described with MC simulated shape convolved free Gaussians. The fraction
between two signals are fixed to the corresponding reconstruction efficiencies and
branching fractions.
» Background: described with an ARGUS function.
» Goodness of fit: 53.6/70=0.77; statistical significance: 8.00;
> Signal yields after efficiency and branching fraction correction: (38.0 + 7.0) x 103
» Fitted mass of Gaussian:

> 5.3+-1.0 MeV for yDD and 1.3+-0.5 MeV for t°DD



Cross section(pb)

{s(GeV)

We fit the M(7°DD) and M (yDD) in each energy point simultaneously, and yield the number of production
events.

The Born cross section is calculated with formula:

Born _ Npro
o = 1
L-(1+6)-(1_m2
where N, is the number of production events, L is the corresponding luminosity, (1 + &) is the ISR correction
1 : .
factor and ((1—H)2) is the vacuum polarization factor.

We fit the Born cross section with a BW and the fitted parameters are:
M = 4217 + 8 MeV,T = 59 4+ 36 MeV, I, - B(Y4260 — yX3872) - B(X3872 - DD*) = (5 4+ 2) x 1071Y




X(3872) - yD*D-

*Event Selection
e Use double Dtag to reconstruct D* - Knm, Knnn

* At least two good photons
e Cluster from barrel: E > 25 MeV
e Cluster from endcap: E > 50 MeV
e Cluster is not from D candidate

e 44+n(pi0 mass)+2(D mass)C kinematic fit
e The combination with least yZ is kept as best candidate
* Photon with larger energy after 4C named yy, the other one named y;

* x2.(yDD) < x2.(n°DD)

0
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Xnc < 60, [M(yy) —mg| > 0.02.
Weighted efficiency is 4.4%.
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— Fitting signal
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» Use unbinned maximum likelihood fit to extract signal yields.
» The mass spectrum is fitted with two components:
> Signal: described with MC shape, assuming M(X3872) = 3.8719 GeV,I' = 0.0012 GeV
» Background: described with a 15t-order Chebychev polynomial
» Corresponding reconstruction efficiency and branching fraction corrected signal yields:
(0.0 + 4.2) x 10?2
» Goodness of fit: 0.52
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Ratio=B(yy')/B(DD*)

We also calculate the relative ratio of branching fractions yJ /4y, yy', and yD* D~ compared with that of D*9D?,
R(y]/Y) = 0.06 + 0.02

R(yJy") < 0.03
R(yD*D™) < 0.07

42



Systematic uncertainty

* Tracking, photon detection, PID, luminosity, m° reconstruction
* Decay model
* kinematic fit
* Cross feed
* Fitting
e Background description
* Fitting range

* Lineshape
* Use measured it/ /i lineshape; take 1%.

* Branching fraction



Fitting procedure
* For X3872 = yJ /Y

_ Enlarge range Normal range Narrow range

2" order Chebychev  11.5% 8.3%
3'd order Chebychev  5.6% 2.8% 5.2%

* For X3872 - D*'D

_ Enlarge range Normal range Narrow range

Argus Function 2.5% 0.4%
2" order Chebychev  12.7% 13.2% 10.1%
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__

Tracking
Photon detection 2
PID
PiO reconstruction
Kinematic fit 1
Cross feed
Luminosity 1
lineshape 1
Fitting 11.5
Branching ratio 0.5
Total 12.0

6.7
8.2

4.7
5.1
1.7
1
0.2
1
1
13.2
6.4
17.1

2.5
6
2.7
1
0.2
1
1
3.7
10.1
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summary

* The processes of ete™ — yX(3872) are searched for at BESIIl based on current
XYZ data around 4230 GeV with X(3872) = yJ /¥, yy', D*°D, and yD*tD~
modes.

* We find evidence of yJ /1 but no signal of yy’. The upper limits of the relative

. _ B(x(3872)-yy(29)) 0 . . . .
ratio R = BX(3872) 571 9) < 0.47 @ 90% C.L. is obtained, which disagree with

LHCDb’s result.

* We observe X(3872) — D*°D with statistical significance of 8a. The relative
ratios are also given.




BACK UP



Cross section(pb)
o
(8]

The average Born cross section is 0.27+-0.07 pb for /s = 4.18 —— —4.28 GeV



Etac 16/ 18 B 2

states: pp, 2(m ™ ).2[f'r+h' ), mtn KTK—, ntapp, 3(ntan™), 2(n ) KT K, f“h
KAK*nFata—, KYK—7°, ppr®, K*K—n, ntan, 2(nt7n ")y, 777 77 and 2(7* 7 ).
E I (NERE

N(K A pioiketa): 10/448
CRASANEpioaketarliKs): 10/448
K(%Ks): O

HA 7k 5 HEoF 4 A B pitpi-,  gam:

ERpilsh= /DT

sqrt((3.872*3.872-(mpi+2.983+mpi)* (mpi+2.983+mpi))*(3.872*3.872-2.983*2.983))/(2*3.872)+0.1;
FRgamftE: fE(m_ecms*m_ecms-3.872%3.872)/(2*m_ecms) = 450.1570E [Fl N

EORF Rgamma: A LU -G HetasliFpio (£ 415MeV)

F R gamma S M 7E3.872 /5 4 250MeV,gammapipi S £ 2.8-3.2

gamma {1
b2 piojzetaﬁﬁilii[}, B3R gampipi S 7E2.9386-3.0286, chisq4c<20
W HERA, ERgampipi I 7E2.9336-3.0336, chisq4c<35

Gammapipi/x{': _FiRchisq cut
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summary

* The ratio
_ B(X(3872) - yi(25))
~ B(X(3872) = v/ /¥)

_ NYl/J(ZS)/EYl/J(ZS)/B(lp(zs)_’ﬂ+ﬂ_1/lp):0.2 +0.4(< 0.8 @ 90% C.L.) (stat. err only)
Nyjrp/€yjnp B

* This result is consistent with Belle’s result(~0.47), while is way much
different from LHCb's result (~2.46).

* Next to do
* Systematic uncertainty

* Analysis on X(3872) —» D°D%z% DEDF*, D°DOy are urgent work to do
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The process of eTe™ — m™m~P(25), Y(2S) = vXcp Xcj = ¥/ /P also share the same final states with the signal.

We require M (yyJ/YP) < 3.49 to veto the ete™ » wtn =y (25) backgrounds.
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e 5 1

364 366 368 37 372 3.74
M(u+u) GeV/c?
Require yZ. < 40, and the signal region M (y, ] /y) € [3.85, 3.9] GeV/c2.

The signal of ¥’ is not evident.
The Y’ — uu mode is not used.
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Fitting procedure
* For X3872 = yJ /Y

_ Enlarge range Normal range Narrow range

2" order Chebychev  11.5% 8.3%
3'd order Chebychev  5.6% 2.8% 5.2%

* For X3872 - yy(25)
Lo rownse

3'd order Chebychev 0.8 -0.8
2" order Chebychev -2.1 -1.2 -1.3

e For X3872 —» D*D
-

Enlarge range Normal range Narrow range

Argus Function 2.5% - 0.4%
2" order Chebychev  12.7% 13.2% 10.1%
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