
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Study of charm production by neutrinos in nuclear emulsion

Melzer, O.

Publication date
2001

Link to publication

Citation for published version (APA):
Melzer, O. (2001). Study of charm production by neutrinos in nuclear emulsion. [, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/study-of-charm-production-by-neutrinos-in-nuclear-emulsion(c46f87d4-bc73-460d-be18-f164a716d622).html


Chapter 5 

Diffractive charm 
production 

Thinking is more interesting than knowing, but 
less interesting than looking. 
Johan Wolfgang von Goethe 

In this chapter, our search for diffractive charm production by neutrinos is 

described, where the selection criteria and the analysis procedure are completely 

different from the analysis of deep inelastic charm production. A theoretical 

description of diffractive charm production is given in Section 2.3. The search 

resulted in finding one event that fulfills the requirements for diffractive charm 

production. The reconstruction, analysis and interpretation of the diffractive 

event are described in detail below. 

5.1 Selection of diffractive D*s events 

To find diffractively produced charmed mesons, the manual scanning load has to 

be constrained with a strong preselection and a powerful identification scheme. 

Therefore, the search for diffractive charm production concentrates on diffractive 

D* production with the decay cascade D* -> Ds -» r -» ß with a clearly 

recognizable double-kink signature in the emulsion. Such a signature has already 

been observed in a pion emulsion exposure experiment [92]. 

To preselect reactions like vß N -> fi~ D*+ (-» D+ 7) N, where 

D+ -» T+VT and r + -> ß+ vß vT, neutrino events with two muons in 

the detector are selected. Furthermore, to be sensitive to D*+ decays, only 

electromagnetic energy in the calorimeter is allowed, and hadronic showers are 
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78 CHAPTER 5. DIFFRACTIVE CHARM PRODUCTION 

vetoed. 

The data sample corresponds to data taken in the years 1994, 1996 and 

1997. In total 845 events with a reconstructed vertex in the emulsion are pres

elected. Prom these, 508 events are manually scanned in the emulsion to check 

in detail for double-kink signatures. 

5.2 Background study 

As a background for the diffractive production signature, deep inelastic charm 

production without charged fragments at the primary vertex is examined. Using 

the JETTA MC including the hadronization of light quarks at the primary 

vertex it is found - with a charm production ratio per CC of 5% and a relative 

fraction of Df mesons of 7% - that ~ 2% of the events produce no other charged 

particles at the primary vertex. In total we expect therefore a Ds production 

rate of less than 7 x 10~~5/CC from deep inelastic processes. 

Possible background scenarios for the decay chain with the emergence of a 

double-kink signature are: 

• A white kink (elastic scattering without visible nuclear recoil) of a Df or 

D+ charmed meson and a subsequent decay into ß+vßX°. White kinks 

of heavy mesons have never been observed and for quantitative estimates 

we rely on pion data [93]. 

• A Df or D+ meson with subsequent decays into K+X° and K+ —» fJ-+fß. 

The probabilities for the different decay scenarios to happen and being 

detected in a CHORUS emulsion stack have been quantitatively studied with 

a simulation of the beam, the interactions and the detector response. The 

expected probabilities are summarized in Table 5.1. 

It can be concluded that combining production signature and double-kink 

decay signature thus gives a background-free sample. 

5.3 Detector acceptance and reconstruction ef
ficiency 

Simulating the diffractive production of a D*s meson according to [27] with the 

entire decay chain (ASTRA), leads to a total detector efficiency for reconstruct

ing this type of events of 

ARec = 0.65 ±0.07. (5.1) 



5.4. RECONSTRUCTION OF A CANDIDATE EVENT 79 

Possible double-kink Probability for the signature 
scenarios in a CHORUS emulsion stack 
Ds -*• r -> // - 0 . 9 6 
D -^ K ^f fi ~ 8 . 6 x KT 4 

D -> white kink —> ß ~ 4 . 3 x 10"3 

Ds —> white kink —>• /i ~ 4 . 3 x 10"3 

Ds -t K -ï ft ~ 1.9 x KT 4 

Table 5.1: Possible scenarios to detect a double-kink signature inside a stack of 
CHORUS emulsion. 

The uncertainty on the reconstruction efficiency of 10% is an ad-hoc esti

mate predominantly accounting for uncertainties in the theoretical description 

of the event kinematics in the simulation. 

Out of the preselected 845 detector events, 508 events have a located vertex 

thus giving an emulsion location efficiency of 

A AS 0.60 ±0.02. (5.2) 

The uncertainty on the scanning efficiency is calculated from the statistical error 

of the number of events used for the evaluation. 

Since there are two decays in the decay chain, the manual scanning effi

ciency is expected to be high, and has been evaluated by the MC simulation to 

be 

0.96 ±0.03. (5.3) 

5.4 Reconstruction of a candidate event 

Topological reconstruction 

In the sample of 508 manually scanned events, one event fulfills all requirements 

of the diffractive selection criteria of Section 5.1 with the unique decay chain. 

The detector display of this candidate event (Figure 5.1) shows two identified 

muons of opposite charge sign. The ß~ and fi+ have measured momenta of 

(19.6 ± 3.9) GeV and (1.6 ± 0.1) GeV, respectively. 

A visible electromagnetic activity, Eem — (0.27±0.09) GeV, observed in the 

electromagnetic section of the calorimeter, can be assigned to a secondary in

teraction vertex in the target region. Since the hits associated to this secondary 

vertex are strongly scattered, no clear track can be reconstructed in the fiber 

tracker. The secondary vertex most probably arises from photon conversion. 
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Figure 5.1: Global view of the double kink event in the detector. 
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Figure 5.2: Zoom into the target region. 
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Figure 5.3: The double-kink event with two tracks leaving from a single grain 
without nuclear break-up at the primary neutrino vertex. The data points 
represent the measured position of each emulsion grain with its error. Also 
indicated is the border line between two consecutive emulsion plates. 

Furthermore, one isolated hit is detected in a module of the hadronic 

calorimeter located at a distance of 380 cm downstream of the primary ver

tex, corresponding to about 1.45 interaction lengths (~ 24.5 radiation lengths). 

The isolated hit gives a signal of (0.53 ± 0.22) GeV. The signal is isolated and 

cannot be associated with a charged particle track coming from the primary 

vertex. In a full detector MC simulation for neutrons generated at the vertex 

position with momenta of 1 GeV, ~ 74% of the events show a similar signature 

in the detector. Together with other aspects of the interpretation of the event 

it is very probable that the isolated hit is due to the interaction of a neutron 

coming from the primary vertex. 

By tracing back the muon tracks into the emulsion target, a vertex topology 

is found as shown in Figure 5.3. Two tracks leave from a single grain (size 

~ 1 urn) without any charged nuclear fragments or recoil. 

Because the primary vertex of the event was close to a plate boundary (see 

Figure 5.3) the topology was difficult to measure. Therefore, the special treat

ment explained in Section 3.3.3 was applied in order to expand the thickness 

of the emulsion plates, and thus to increase the accuracy of the grain measure

ments. 

Furthermore, in order to get the highest possible precision on the track 

angles from the grain measurement, a specific high resolution microscope has 

been used, with a more stable mechanical support structure and a higher mag

nification (90x) than needed for standard microscopes. The grain position mea-
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surements were taken at night, because closing doors or walking people during 

the day caused shocks in the building, visible as movement ( 1 - 2 fim) of the 

microscope table. To increase the sensitivity even further it has been taken into 

account that the microscope light source heats up the emulsion slightly. To 

establish a stable situation, the emulsion plate was exposed to the light source 

an hour before the actual measurement. 

After corrections for global shrinkage and local distortion of the emulsion, 

the grain-by-grain measurement provides a three dimensional view of the vertex, 

the tracks and the decay angles. The decay angles are found to be (39.5 ± 2.4) 

mrad for the first and (87.3 ± 1.2) mrad for the second kink. The distance from 

the primary vertex to the first decay is 68 /an and from the first to the second 

kink 147pm. The first decay is located close to the surface of an emulsion plate 

(~ 16/im distance). 

In view of the short flight lengths with the measured momenta and decay 

angles, we postulate that it represents the neutrino induced production of a 

charmed particle (D or Ds meson) at the primary vertex. 

Following the background studies from the previous paragraph the decay 

chain Ds —> r —> n hypothesis is clearly favoured compared with other decays 

that could produce a double kink. Furthermore, the measured decay angles and 

momenta of the candidate event are consistent with this hypothesis. 

Taking all observations together, the most probable explanation is that 

the observed double kink signature originates from the decays Df —¥ T+VT, 

Then, given that the decay of a D+ is at the origin of the double kink 

event, it is plausible that the energy measured in the electromagnetic part of 

the calorimeter can be associated with the conversion of a photon seen as the 

secondary interaction vertex in the target region. These two observations lead 

to the hypothesis of a D*s
+ production with a radiative decay D*+ -> Dfj. 

Kinematical reconstruction 

In addition to the ß~ and the D*+ observed at the primary vertex, we as

sume that a recoil neutron escapes from the target nucleus and interacts in 

the calorimeter, leaving a visible energy of (0.53 ± 0.22) GeV. This energy de

position, the topology of the event and the kinematics constrain the neutron 

momentum to 0.7 GeV < pn < 1.8 GeV. 

Conservation of transverse momentum at the primary vertex then allows 
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the determination of the momentum pD.+ = (1.7 ± 0.6) GeV. Taking into ac

count the kinematic constraints in this event, we reconstruct the neutrino energy 

Ev = (24.9±2.2) GeV and the transferred Q2 = (0.8±0.1) GeV2. The assump

tion that the neutron is at rest before the interaction, yields a four-momentum 

transfer squared \t\ = (1.1 ± 0.4) GeV2. The Fermi motion of nucléons is 

small compared with the measured neutron momentum. Even if the neutron is 

completely neglected in the kinematic reconstruction, these values of Q2 and t 

remain of the same order. 

In conclusion, given the observed Q2 and t values, the interaction of a 

neutral particle in the calorimeter and the absence of any visible nuclear break

up at the primary vertex, we interpret this event as diffractive production of 

a D*s
+ meson on a nucléon. Topological and kinematic reconstruction for the 

complete event are consistent with the production and decay chain 

\n —- v-~Kn 

D+y 

T V. 

v> V T 

5.5 Limit on the vT mass 

An interesting property of the decay Ds —> rvT is the rather small mass differ

ence between the Ds meson ( m ^ =1968.5 MeV) and the r lepton (m r=1777.1 

MeV). Reconstruction of the transverse momentum relative to the Ds flight 

direction gives for every single event an upper limit for the r-neutrino mass. 

Starting with energy and momentum conservation 

(P?)2 = ( P ^ - P ? ) 2 > (5.4) 

one obtains 

ml = mD, +m2
T -2{ED,ET -PD.PT)- (5.5) 

In the Ds rest frame p5 , =0, therefore 

ED.Er = Jm2
Dfl2 + m2

TmDt. (5.6) 
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With a lower limit of the transverse r momentum p^ one obtains an upper limit 

for the vT mass: 

ml < m2
Di + m\ - 2mD, ̂ jpj2 +m2

T. (5.7) 

Unfortunately, with the topology of our observed event, the derived limit on 

the vT mass can be set at 90% CL only at the kinematical limit ofm„T < 191 MeV 

compared with the presently best measured limit [5] of m„T < 18.2 MeV at 

95% CL. 

5.6 Cross section 

The diffractive D* production can be derived by evaluating 

„lift N, ob s 

o'cc NCCBD,^>TVTBT-

1 
(5.8) 

With the quantities 

Ncc = 544683 corresponding number of CC events 

BD^TVT = 0.07 ± 0.04 branching ratio Ds -> r [29] 

BT^HV^T = 0.174 ± 0.001 branching ratio r ->• p. [29] 

ARec ~ 0.65 ± 0.07 finding efficiency in the electronic detector 

AFrac ~ 0.55 fraction of emulsion analyzed 

AAS ~ 0.60 ± 0.02 location efficiency in emulsion 

A ~ 0.96 ± 0.03 manual scanning efficiency 
(5.9) 

Associating with the observed event a poisson error and with the branching 

ratios and correction factors a gaussian error, we can calculate with our single 

event an upper limit for the diffractive D*s production 

aD, 
diff 

< 4.6 x 10"3 at 90% CL. (5.10) 
ace 

Comparison with results of other experiments 

All data from the bubble chamber experiments WA21, WA25, WA59 and E180 

were combined in a search for diffractive D* and Ds meson production [41], 
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which could not be unambiguously distinguished. Six candidates lead to a 

diffractive production ratio (for Ds and D* together) of 

- ^ - B D ^ * , = (1.03 ± 0.27) x 1(T4. (5.11) 
ace y ' 

With B D ^ 4 l = (3.6 ± 0.9) x 10~2 [29], the cross section ratio becomes 

diff 

- ^ - = (2.86 ± 1.46) x 10"3 . (5.12) 
occ 

Recently, the NuTeV collaboration published evidence for diffractive charm 

production [42], they also could not distinguish D* from Ds. The calculated 

cross section is 

adiff 
D'+D' = (3.2 ± 0.6) x 10"3. (5.13) 
occ 

The 90% CL upper limit (Equation 5.10) on the basis of our single event 

is in agreement with the other measurements. For the upcoming CHORUS 

Phase II scanning data, more diffractive events are expected. Then we will be 

able to measure the cross section ratio - rather than to put an upper limit - and 

to make a comparison with the other measurements. 
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