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Motivation

s The study of beauty production is a very interesting topic in
high energy physics:

- rigorous test of perturbative QCD;

- large b-quark mass (m» ~5GeV) and high momenta pr
provides an additional hard scale that should ensure
reliable predictions.

= needed better understanding of the beauty quark production
mechanism.
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HFL production

Dominant production process in ep-collisions: Boson Gluon Fusion

Multiple scales involved:

27.6 GeV
m My ~ 5 GV, Mo ~ 1.4 GeV
Crb m Q% ~ 0Gev? (ph ion - ~
~ photoproduction - ~p)
m Q% >~ 1 GeV? (deep inelastic scattering - DIS)
c 5 [ | Prc‘b few GeV
)
00 GaY Powerful tool for testing p structure and
pQCD

rl.

Kinematic variables:

m Q7 = —quhmon virtuality, squared
momentum transfer

Y "7?3;}
0l . ) . : a
m X = ﬁEﬂurkﬁn scaling variable —;—dfi)

m ¥ =Tp 2(E — Pz)/TH(E — Pz)
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Heavy Flavour Tagging

m Different experimental techniques to use for
heavy ﬂavour tagging:

Meson identification D*+ tagging;

Decay spectra Prrel of lepton to jet axis;

Lifetime information measure impact parameter with respect
to primary vertex (beam spot);
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Beauty at HERA:

Beauty measurements difficult at HERA — o,z /00 ~ 0.1%

m increases to ~ 6% for high-pr jets

m increased to ~ 20%for two jets and a high-pt lepton (beauty
and charm are main sources)

Beauty results at ZEUS
m events with 2 jets + 1e (EPJC 18 (2001) 625, PRD 78 (2008) 072001)
m events with 2 jets + 1u (PRD 70 (2004) 012008, DESY-08-210 (2008))
m events with 1 D* + 1u (EPJ C 50 (2007) 299-314)
m events with 2us (JHEPO2 (2009) 032)

semileptonic tagging b—

*Well established techniques already used
In previous measurements by the ZEUS
collaboration make use of the final state
muon or electron in semileptonic beauty
decays to exploit these features.

*In fact, the large b mass leads to high
values of the transverse momentum of e.g.
the muon relative to the closest jet, prel
making the spectrum of muons (electrons)
from beauty decays much harder than the
muons (electrons) from a lighter quark.

However, all these experimental
procedures used so far in ZEUS to
measure beauty production are limited
to the semileptonic beauty decays.

DIS10, Firenze, April 19-23
2010

V. Aushev Beauty in photoproduction at
ZEUS >



Beauty tagging via vertex reconstruction

N a new method for beauty identification based on the reconstruction of
the decay vertices (secondary vertices) has been developed;
o inclusive beauty measurement in which the hadronic decays are also

taken into account;

o relatively long lifetime of b hadrons, beauty secondary vertices are
considerably displaced with respect to the interaction vertex compared to
the decay vertices of charm and light quarks;

= beauty and charm contributions are extracted using the characteristic
distributions of reconstructed decay length significance and invariant mass
of the secondary vertex.
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ZEUS detector at the HERA

e*(27.6 GeV) p (820/920 GeV)

ZEUS: 56 universities and laboratories, 18 countries
HERA — until 2007 was the only ep collider in the world
HERA 1l (2002-2007): upgraded detectors, longitudinally HERA delivered
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‘ Beauty tagging using micro-vertex detector

During the HERA luminosity
upgrade period 2000/2001 the
tracking system of the ZEUS detector
was enhanced with a silicon Micro
Vertex Detector (MVD).

The implementation of the MVD
provides high precision
measurements that allow new
identification techniques of the
beauty quarks based on their heavy
mass and long lifetime.

algorithm (secondary vertex b-
tagging) to identify jets originating
from b quarks by exploiting
exclusively the full MVD potential

+ Since HERA Il both experiments equiped

with Silicon Vertex Detectors

+ Important for heavy flavour measurements

TI+__/ o
K
500 um
D* vertex ﬂ/ e
Primary vertex " JT_'"-_-

The ZEUS Micro Vertex Detector

ZEUS tracking

+ For HERA Il ZEUS was fitted with a silicon
micro vertex detector (MVD).

+ The MVD consists of forward and barrel
regions.
+ Barrel:
- 30 ladders
— 600 single sided silicon strip sensors
+ Forward Wheels:
- 4 wheels

= 112 trapezoidal single sided silicon strip
Sensors

+ Back to back sensors give information in
(z, r) for barrel tracks and (w, u) for
forward tracks.

Half Wheel Barrel module
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2D impact parameter and significance

Jet axis

Secondary
vertex

Projection /
onto f- Deca
jet axis length
Beam spot

Method of extracting the beauty and charm content:

mreconstruct the decay vertices of the B hadrons and use the
resulting decay length, which, due to the long lifetime of the
B hadron, is enhanced at hlgh values for beauty and charm
compared to the light flavour background.

mFurthermore, the invariant mass of the decay vertices, mv,
can be used to distinguish between the beauty- and charm-
enriched regions.

mNo requirements are imposed on the final state of the B
decay so that the measurement is kept fully inclusive and
benefits from the increase in statistics compared to the
exclusive b — u and b — e analyses.

* transverse decay length L,

* impact parameter &

+ significance S = 6/6(3),
S;=L,/0o(L,)
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Events selection:

data set collected in 2006/07 corresponding to an integrated luminosity of
128 pb-1 ;

events containing at least two jets, each having an identified secondary
vertex,

jets are required to be within the pseudorapidity region n| < 1.5 with
transverse momenta pT > 7(6) GeV/c respectively;

no requirements are imposed on the b decay final state so that the
measurement 1s kept inclusive;

fraction of events containing b-quarks is extracted using the characteristic
distributions of reconstructed decay length and invariant mass of the
secondary vertex;
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Vertex control plots

ZEUS ZEUS
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= Entries

10°
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ZEUS

Jet control plots
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Decay length significance

ZEUS
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@ Decay length significance
S=DL/6DL

@ For large myix dominated
by beauty
— With cuts on S and
M, an almost pure
beauty sample can be
obtained!
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Decay length significance (m > 2 GeV)
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Mirrored decay length significance (fit):

ZEUS
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Fit mirrored and subtracted decay length significance (S*T-S™)

in bins of the secondary vertex mass myix
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Beauty-enriched plots (jets)
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Beauty-enriched plots (vertex)
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@ Beauty-enriched m, and
multiplicity distributions

@ Very good agreement between Data
and MC
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Beauty-enriched plots (mirrored DL significance)
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Cross-section 1n Prjet

Good agreement between Data and
Pythia / NLO predictions (FMNR)
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Cross-section 1n mpe

Good agreement between Data and
Pythia / NLO predictions (FMNR)
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Comparison with previous analysis:

errors substantially reduced
New results in good agreement with previous results
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Beauty production: pw plot
agreement with NLO QCD predictions
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Summary

m presented: a measurement of beauty photoproduction in ep interactions at
the HERA collider working at a center of mass energy of Vs =318 GeV;

= new method.: analysis of beauty quark production using secondary vertex b-
tagging (life-time tagging) and invariant mass of the secondary vertex with
large increase in statistics;

m  measured: total and differential cross sections as a function of transverse
momentum do/dpT and pseudorapidity do/dn of the b-jet for HERA-II.
Agreement with NLO QCD predictions.
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