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We present the first measurements of the differential cross section do/dp7- for the production of
an isolated photon in association with at least two b-quark jets. The measurements consider photons
with rapidities |y”| < 1.0 and transverse momenta 30 < p;. < 200 GeV. The b-quark jets are required
to have plt* > 15 GeV and |y'°*| < 1.5. The ratio of differential production cross sections for v +2 b-
jets to v+ b-jet as a function of pJ. is also presented. The results are based on the proton-antiproton
collision data at /s =1.96 TeV collected with the DO detector at the Fermilab Tevatron Collider.
The measured cross sections and their ratios are compared to the next-to-leading order perturbative
QCD calculations as well as predictions based on the kr-factorization approach and those from the
SHERPA and PYTHIA Monte Carlo event generators.

PACS numbers: 13.85.Qk, 12.38.Bx, 12.38.Qk

In hadronic collisions, high-energy photons () emerge 2
unaltered from the hard parton-parton interaction and 2
therefore provide a clean probe of the underlying hard- s
scattering dynamics [1]. Photons produced in these in- x
teractions (called direct or prompt) in association with s
one or more bottom (b)-quark jets provide an important s
test of perturbative Quantum Chromodynamics (QCD) s
predictions at large hard-scattering scales @@ and over a s
wide range of parton momentum fractions. In addition, 3
the study of these processes also provides information s
about the parton density functions (PDF) of b quarks s
and gluons (g), which still have substantial uncertainties.
In pp collisions, v + b-jet events are produced primar-
ily through the Compton process gb — b, which domi-
nates for low and moderate photon transverse momenta
(py), and through quark-antiquark annihilation followed
by g — bb gluon splitting ¢¢§ — vg — ~bb, which domi-
nates at high p7. [2, 3]. The final state with b-quark pair
production, pp — ~+bb, is mainly produced via gg — ybb
and gg — ~ybb scatterings [4]. The ~ + 2 b-jet process is a
crucial component of background in measurements of, for
example, tty coupling [5] and in some searches for new
phenomena. A series of measurements involving v and
b(c)-quark final states have previously been performed by
the DO and CDF Collaborations [3, 6-9]. st

In this measurement, we follow an inclusive approach
by allowing the final state with any additional jet(s) on *
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top of the studied b-quark jets. Inclusive v + 2 b-jet pro-
duction may also originate from partonic subprocesses
involving parton fragmentation into a photon. However,
using photon isolation requirements significantly reduces
the contributions from such processes. Next-to-leading
order (NLO) calculations of the v + 2 b-jet production
cross section, which includes all b-quark mass effects,
have recently become available [4]. These calculations
are based on the four-flavor number scheme, which as-
sumes four massless quark flavors and treats the b quark
as a massive quark not appearing in the initial state.

This letter presents the first measurement of the cross
section for associated production of an isolated photon
with a bottom quark pair in pp collisions. The results
are based on data corresponding to an integrated lumi-
nosity of 8.7 4 0.5 fb~! [10] collected with the DO detec-
tor from June 2006 to September 2011 at the Fermilab
Tevatron Collider at /s =1.96 TeV. The large data sam-
ple and use of advanced photon and b-jet identification
tools [11-13] enable us to measure the v + 2 b-jet pro-
duction cross section differentially as a function of p.
for photons with rapidities || < 1.0 and transverse mo-
menta 30 < pJ. < 200 GeV, while the b jets are required
to have pi' > 15 GeV and |/°!| < 1.5. This allows for
probing the dynamics of the production process over a
wide kinematic range not studied before in other mea-
surements of a vector boson + b-jet final state. The ratio



55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

7

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

of differential cross sections for v+ 2 b-jet production rel-iu
ative to v+ b-jet production is also presented in the same.
kinematic region and differentially in pJ.. The measure-us
ment of the ratio of cross sections leads to cancellationi
of various experimental and theoretical uncertainties, al-us
lowing a more precise comparison with the theoreticalis
predictions. 17
The DO detector is a general purpose detector de-us
scribed in detail elsewhere [14]. The subdetectors mostus
relevant to this analysis are the central tracking system,izo
composed of a silicon microstrip tracker (SMT) and am
central fiber tracker embedded in a 1.9 T solenoidal mag-
netic field, the central preshower detector (CPS), and the123
calorimeter. The CPS is located immediately before the
inner layer of the central calorimeter and is formed of
approximately one radiation length of lead absorber fol—126
lowed by three layers of scintillating strips. The Calorlme- o
ter consists of a central section (CC) with coverage in
pseudorapidity of [faet| < 1.1 [15], and two end calorime-
ters (EC) extending coverage to [nqet| ~ 4.2, each housed
in a separate cryostat, with scintillators between the cc” .
and EC cryostats providing sampling of developing Show—132
ers for 1.1 <[naet| <1.4. The electromagnetic (EM) sec-
tion of the calorimeter is segmented longitudinally into134
four layers (EMi, ¢ = 1 — 4), with transverse segmen-
tation into cells of size Anget X Adger = 0.1 x 0.1 [15],
except EM3 (near the EM shower maximum), where it'%
is 0.05 x 0.05. The calorimeter allows for a precise mea-'¥
surement of the energy of electrons and photons, provid-*
ing an energy resolution of approximately 4% (3%) at'®
an energy of 30 (100) GeV. The energy response of the®
calorimeter to photons is calibrated using electrons from
Z boson decays. Because electrons and photons interact!*
differently in the detector material before the calorime-*
ter, additional energy corrections as a function of pJ. are*
derived using a detailed GEANT-based [16] simulation of'*
the DO detector response. These corrections are ~ 2%?46
for photon candidates of p}. = 30 GeV, and smaller for*
higher p7.. 148
The data used in this analysis satisfy DO experiment'*
data quality requirements and are collected using a com-'*°
bination of triggers requiring a cluster of energy in thes
EM calorimeter with loose shower shape requirements.;s
The trigger efficiency is ~ 96% for photon candidatesiss
with pJ. = 30 GeV and 100% for pj. =2 40 GeV. Of-i
fline event selection requires a reconstructed pp interac-iss
tion vertex [17] within 60 cm of the center of the detectoriss
along the beam axis. The efficiency of the vertex require-is;
ment is &~ (96 — 98)%, depending on pJ.. The missingss
transverse momentum in the event is required to be lessiso
than 0.7p}. to suppress background from W — ev decays.ie0
Such a requirement is highly efficient (> 98%) for signalis
events. 162
The photon selection criteria in the current measure-iss
ment are identical to those used in Refs. [3, 6]. Theis
photon selection efficiency and acceptance are calculatedies

using samples of v + b-jet events, generated with the
SHERPA [18] and PYTHIA [19] Monte Carlo (MC) event
generators. The samples are processed through a GEANT-
based [16] simulation of the DO detector. Simulated
events are overlaid with data events from random pp
crossings to properly model the effects of multiple pp
interactions and noise in data. We ensure that the in-
stantaneous luminosity distribution in the overlay events
is similar to the data. The efficiency for photons to pass
the identification criteria is (71 — 82)% with relative sys-
tematic uncertainty of 3%.

For the v + n b measurement (n = 1,2), n jets with
the highest pr that satisfy p. et > 15 GeV and |yf¢t| < 1.5
are selected. Jets are reconbtructed using the DO Run IT
algorithm [20] with a cone radius of R = 0.5. A set
of criteria is imposed to ensure that we have sufficient
information to identify the jet as a heavy-flavor candi-
date: the jet is required to have at least two associated
tracks with pr > 0.5 GeV and at least one hit in the
SMT, one of these tracks must also have pr > 1.0 GeV.
These criteria have an efficiency of about 90% for a b jet.
Light jets (initiated by u, d and s quarks or gluons) are
suppressed using a dedicated heavy-flavor (HF) tagging
algorithm [13].

The HF tagging algorithm is based on a multivari-
ate analysis (MVA) technique that combines information
from the secondary vertex (SV) tagging algorithms and
tracks impact parameter variables using an artificial neu-
ral network (NN) to define a single output discriminant,
MVAy, [13]. This algorithm utilizes the longer lifetimes
of HF hadrons relative to their lighter counterparts. The
MVA}, has a continuous output value that tends towards
one for b jet and zero for light jets. Events with at least
two jets passing the MVAy,; > 0.3 selection are considered
in the v + 2 b-jet analysis. Depending on p7., this selec-
tion has an efficiency of (13 — 21)% for two b jets with
relative systematic uncertainties of (4 — 6)%, primarily
due to uncertainties on the data-to-MC correction fac-
tors [13]. Only (0.2 —0.4)% of light-jets are misidentified
as b jets.

After application of all selection requirements, 3,816
v+ 2 b-jet candidate (186,406 « + b-jet candidate) events
remain in the data sample. In these events, there are
two main background sources: jets misidentified as pho-
tons and light-flavor jets mimicking HF jets. To estimate
the photon purity, the v-NN distribution in data is fit-
ted to a linear combination of templates for photons and
jets obtained from simulated v + jet and dijet samples.
An independent fit is performed in each pJ. bin, yield-
ing photon fractions between 62% and 90%, as shown in
Fig. 1. The main systematic uncertainty in the photon
fractions is due to the fragmentation model implemented
in PYTHIA [21]. This uncertainty is estimated by varying
the production rate of 7° and 1 mesons by £50% with
respect to their central values [22], and found to be about
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FIG. 1: Photon purity as a function of pJ. in the selected
data sample. The error bars include statistical and systematic
uncertainties added in quadrature. The binning is defined as
in Table I.

6% at pJ. ~ 30 GeV, and < 1% at p}. = 70 GeV.

The fraction of different flavor jets in the selected data
sample is extracted using a discriminant, Dy, with dis-
tributions dependent on the jet flavors. It combines two
discriminating variables associated with the jet, mass of
any secondary vertex associated with the jet Mgy and
the probability for the jet tracks located within the jet
cone to come from the primary pp interaction vertex.
The latter probability is found using the jet lifetime
impact parameter (JLIP) algorithm, and is denoted as
Pyp1p [17]. The final Dygr, discriminant [23] is defined as
DMJL =0.5x (Msv/5 GeV — hl(PJLIP)/QO), where MSV
and In(Pjyrp) are normalized by their maximum values
obtained from the corresponding distributions in data.
The data sample with two HF-tagged jets is fitted to
templates consisting mainly of 2 b-jet and 2 c-jet events,
as determined from MC simulation. The remaining jet
flavor contributions in the sample (e.g., light+light-jets,
light+b(c)-jets, etc) are small and are subtracted from
the data. The fractions of these rarer jet contributions
are estimated from SHERPA simulation (which has been
found to provide a good description of the data), and
vary in the range (5 — 10)%. The difference in the values
of these fractions obtained from SHERPA and PYTHIA,
(2 — 4)%, is assigned as a systematic uncertainty on
the background estimate. The fraction of 2 b-jet events
are determined by performing a two-dimensional (corre-
sponding to the 2 b-jet candidates) maximum likelihood
fit of Dypjy, distributions of 2 jet events in data using the
corresponding templates for 2 b-jets and 2 c-jets. These

2 10° | DG, L=8.7fb 1 e Data
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N e C-jet
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FIG. 2: (Color online) Distribution of discriminant Dy af-
ter all selection criteria for a representative bin of 30 < pJ. <
40 GeV. The expected contribution from the light jets com-
ponent has been subtracted from the data. The distributions
for the b-jet and c-jet templates (with statistical uncertain-
ties) are shown normalized to their respective fitted fractions.
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FIG. 3: The 2 b-jet fraction in data as a function of p;. de-
rived from the template fit to the heavy quark jet data sample
after applying all selections. The error bars show both statis-
tical and systematical uncertainties summed in quadrature.
Binning is the same as given in Table I.
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FIG. 4: (Color online) The 7 + 2 b-jet differential produc-
tion cross sections as a function of pJ.. The uncertainties on
the data points include statistical and systematic contribu-
tions. The measurements are compared to the NLO QCD
calculations [4] using the cTEQ6.6M PDFs [27] (solid line).
The predictions from SHERPA [18], PYTHIA [19] and the k-
factorization approach [28, 29] are also shown.

jet flavor templates are obtained from MC simulations.
As an example, the result of one of these maximum like-223
lihood fits to Dypy1, templates is presented in Fig. 2 (withza
x%/ndf = 6.80/5 for data/MC agreement). This showszs
the one-dimensional projection onto the highest pr jetzes
D1, axis of the 2D fit, normalized to the number of27
events in data, for photons with 30 < pJ. < 40 GeV.2s
An independent fit is performed in each pJ. bin, result-2
ing in extracted fractions of 2 b-jet events between 76%230
and 87%, as shown in Fig. 3. The relative uncertainties»
of the estimated 2 b-jet fractions range from 5% to 14%,22
increasing at higher pJ. and are dominated by the limitedzs
data statistics. 234
The estimated numbers of signal events in each pj.»
bin are corrected for the geometric and kinematic ac-2s
ceptance of the photon and jets. The combined accep-2s7
tance for photon and jets are calculated using SHERPA23s
MC events. The acceptance is calculated for the pho-2s
tons satisfying pJ. > 30 GeV, |y7| < 1.0 at particle level.2s0
The particle level includes all stable particles as defined2«
in Ref. [24]. The jets are required to have py' > 15
GeV and |y°'| < 1.5. As in Refs. [3, 6], in the accep-s
tance calculations, the photon is required to be isolated2s
by Ei° = E¥'(0.4) — EJ. < 2.5 GeV, where E'(0.4)2s
is the total transverse energy of particles within a conezs

of radius R = /(An)2 4+ (A¢)? = 0.4 centered on thexw

photon direction and EJ. is the photon transverse energy.s

S 22FD@,L=8.7fh" e DataNLO
Z -
z b y'<1.0 o PYTHIA/NLO
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FIG. 5: (Color online) The ratio of the measured v + 2 b-
jet production cross sections to the reference NLO predic-
tions. The uncertainties on the data include both statis-
tical (inner error bar) and total uncertainties (full error
bar). Similar ratios to NLO calculations for predictions with
SHERPA [18], PYTHIA [19] and kr-factorization [28, 29] are also
presented along with the scale uncertainties on NLO and kr-
factorization predictions.

The sum of transverse energy in the cone includes all sta-
ble particles. [24]. The acceptance is driven by selection
requirements in |nqet| (applied to avoid edge effects in the
calorimeter regions used for the measurement) and |@get|
(to avoid periodic calorimeter module boundaries), pho-
ton 17| and pJ., and bin-to-bin migration effects due to
the finite energy resolution of the EM calorimeter. The
combined photon and jets acceptance with respect to the
pr and rapidity selections varies between 66% and 77%
in different p;. bins. Uncertainties on the acceptance due
to the jet energy scale [25], jet energy resolution, and
the difference between results obtained with SHERPA and
PYTHIA are in the range of (8 — 12)%.

The data, corrected for photon and jet acceptance,
reconstruction efficiencies and the admixture of back-
ground events, are presented at the particle level by un-
folding for effects of detector resolution, photon and b-jet
detection inefficiencies. The differential cross sections of
v + 2 b-jet production are extracted in five bins of p7.
They are given in Table I. The data points are plotted
at the values of pJ. for which the value of a smooth func-
tion describing the dependence of the cross section on p;.
equals the averaged cross section in the bin [26].

The cross sections fall by more than two orders of mag-
nitude in the range 30 < p7. < 200 GeV. The statistical
uncertainty on the results ranges from 4.3% in the first
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P bin to 9% in the last pJ. bin, while the total systematic
uncertainty ranges up to 20%. Main sources of system-
atic uncertainty are the photon purity (up to 8%), photon
and two b-jet acceptance (up to 14%), b-jet fraction (up
to 13%), and integrated luminosity (6%) [10]. At higher
P, the uncertainty is dominated by the fractions of b-jet
events and their selection efficiencies.

NLO perturbative QCD predictions, with the renor-
malization scale pp, factorization scale pp, and fragmen-
tation scale s5 all set to pJ., are also given in Table I. The
uncertainty from the scale choice is (15 — 20)% and is
estimated through a simultaneous variation of all three
scales by a factor of two, i.e., for up s = 0.5p) and
2p.. The predictions utilize ¢TEQ6.6M PDFs [27] and
are corrected for non-perturbative effects of parton-to-
hadron fragmentation and multiple parton interactions.
The latter are evaluated using SHERPA and PYTHIA MC
samples with their standard settings [18, 19]. The overall
correction varies from about 0.90 at 30 < pJ. < 40 GeV
to about 0.95 at high p7., and an uncertainty of < 2% is
assigned to account for differences between the two MC
generators.

The predictions based on the kp-factorization ap-
proach [28, 29] and unintegrated parton distributions [30]
are also given in Table I. The kp-factorization formal-
ism contains additional contributions to the cross sec-
tions due to resummation of gluon radiation diagrams
with k2. above a scale p? of O(1 GeV), where kr de-
notes the transverse momentum of the radiated gluon.
Apart from this resummation, the non-vanishing trans-sos
verse momentum distribution of the colliding partons aresos
taken into account. These effects lead to a broadening ofsor
the photon transverse momentum distribution in this ap-sos
proach [28]. The scale uncertainties on these predictionsss
vary from about 31% at 30 < pJ. < 40 GeV to about 50%smw0
in the highest p;. bin. a1

Table T also contains predictions from the PYTHIA [19]s
MC event generator with the cCTEQ6.1L PDF set. It in-ss
cludes only 2 — 2 matrix elements (ME) with gb — ~ybsu
and qg — ~yg scatterings (defined at LO) and with g — bbss
splitting in the parton shower (PS). We also provide pre-ss
dictions of the SHERPA MC event generator [18] with thesw
CTEQ6.6M PDF set [27]. For v + b production, SHERPA3s
includes all the MEs with one photon and up to threeso
jets, with at least one b-jet in our kinematic region. Ins
particular, it accounts for an additional hard jet that ac-s=
companies the photon associated with 2 b jets. Comparedsz
to an NLO calculation, there is an additional benefit ofzs
imposing resummation (further emissions) through thes
consistent combination with the PS. Matching betweensss
the ME partons and the PS jets follows the prescrip-s:
tion given in Ref. [31]. Systematic uncertainties are esti-s»
mated by varying the ME-PS matching scale by +£5 GeVis
around the chosen central value [32]. As a result, thess
SHERPA cross sections vary up to 7%, the uncertaintysso
being largest in the first pJ. bin. 331
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FIG. 6: (Color online) The 7 + b-jet differential production
cross sections as a function of pj.. The uncertainties on the
data points include statistical and systematic contributions
added in quadrature. The measurements are compared to
the NLO QCD calculations [4] using the cTEQG.6M PDFs [27]
(solid line). The predictions from SHERPA [18], PYTHIA [19]
and kr-factorization [28, 29] are also shown.

All the theoretical predictions are obtained including
the isolation requirement on the photon Ei° < 2.5 GeV.
The predictions are compared to data in Fig. 4 as a func-
tion of pr.. The ratios of data to the NLO QCD calcula-
tions and of different QCD predictions or MC simulation
to the same NLO QCD calculations are shown in Fig. 5
as a function of p..

The measured cross sections are well described by the
NLO QCD calculations and the predictions from the
kp-factorization approach in the full studied p;. region
considering the experimental and theoretical uncertain-
ties. Both of these predictions show consistent behavior,
although the predictions from the kp-factorization ap-
proach suffer from larger uncertainties. PYTHIA predicts
significantly lower production rates and a more steeply
falling p;. distribution than observed in data. SHERPA
performs better in describing the normalization at high
pr, but underestimates production rates compared to
that observed in data at low pJ..

In addition to measuring the v+ 2 b-jet cross sections,
we also obtain results for the inclusive v + b-jet cross
section in the same pJ. bins. Here we follow the same
procedure as described in the previous similar DO mea-
surement [3]. However, as for the v+ 2 b-jet cross section
measurement, we now use the most recent HF tagging al-
gorithm [13]. The measured cross sections are shown in
Fig. 6, and are compared to various predictions in Fig. 7.



TABLE I The differential v + 2 b-jet production cross sections do/dpJ. in bins of pj. for |n”| < 1.0, p%?t > 15 GeV and
|yje°| < 1.5 together with statistical uncertainties (Jstat), total systematic uncertainties (Jsyst) and total uncertainties (Jtot)
which are obtained by adding dstat and Jsyst in quadrature. The last four columns show theoretical predictions obtained with
NLO QCD, kr factorization, and with the PYTHIA and the SHERPA event generators.

py bin  (pz) do/dpy (pb/GeV)

(GeV) (GeV) Data  Ostat(%) Osyst(%) 010t (%0) NLO kT fact. PYTHIA SHERPA
30 -40 345 224x10°' 43  £19/-17 +19/-18 2.39x10° ' 220x10° " 8.96x10 % 1.23x10 "
40 - 50 44.6 9.80x107? 54 418/—15 +19/—16 1.08x107' 9.96x1072 4.99x107% 6.79x1072
50 - 65 56.6 4.52x107% 6.2 +15/—14 +16/—16 4.51x1072 4.31x1072 1.99x1072 3.29x1072
6590 752 1.54x107% 7.2 +14/-14 +16/-16 1.49x107% 1.48x1072? 557x107° 1.19x1072
90 - 200 1183 1.93x107* 9.1  4+19/—-18 +21/-21 1.67x107* 1.96x107% 5.12x107* 1.45x107°

TABLE II: The differential v + b-jet production cross sections do/dp; in bins of pJ. for |n7| < 1.0, pjﬁt > 15 GeV and
|yj°t| < 1.5 together with statistical uncertainties (dstat ), total systematic uncertainties (dsyst ), and total uncertainties (d¢ot) that
are obtained by adding dstat and dsyst in quadrature. The last four columns show theoretical predictions obtained with NLO
QCD, kr-factorization, and with the PYTHIA and the SHERPA event generators.

pr bin  (p7) do/dpy (pb/GeV)
(GeV) (GeV) Data  dstat(%) dsyst(%) et (%)  NLO kr fact. PYTHIA SHERPA
30 — 40 345 1.51 23 12 12 1.52 1.69 1.23 1.46
40 - 50 44.6 5.83x107' 24 11 12 5.06x107" 5.70x107' 4.23x107' 5.65x107*
50 - 65 56.6 1.92x107' 2.8 9 10 1.75x107Y 1.98x107' 1.63x107' 2.02x107*'
6590 75.2 6.06><10"2 3.3 9 9 4.93x10j2 5.43x10j2 4.27x 10j2 5.41x10j2
90 — 200 118.3 6.15x107% 3.3 13 13 4.83x107% 5.68x107% 3.76x107% 5.05x1072
o 24F 1 = r 1
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165 -.=- k; fact. scale uncertainty - NLO scale uncertainty
TE 0.4 -=+ k; fact. scale uncertainty|
e -
12F § ﬁi ............ 0.3
E 0 -
1: é o =T +b r
0.8F O___:,O;,..-.-;:;O:L:'.:.........-O 0.2
0.6 -
04F 01
S P T T P B I S N P N NS B B B P S
0O 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200

Y
p, (GeV)

FIG. 7: (Color online) The ratio of v+ b-jet production cross
sections to NLO predictions for data and theoretical predic-
tions. The uncertainties on the data include both statisti-
cal (inner error bar) and total uncertainties (full error bar).
The ratios to the NLO calculations with predictions from
SHERPA [18], PYTHIA [19] and kr-factorization [28, 29] are
also presented along with the scale uncertainties on NLO and
kr-factorization predictions.

Y
p, (GeV)

FIG. 8: (Color online) The ratio of measured cross sections
for v 4+ 2 b-jet to v + b-jet production as a function of pJ.
compared to theoretical predictions. The uncertainties on
the data points include both statistical (inner error bar) and
the full uncertainties (full error bar). The measurements are
compared to the NLO QCD calculations [4]. The predictions
from SHERPA [18], PYTHIA [19] and kr-factorization [28, 29]
are also shown along with the scale uncertainties on NLO and
kr-factorization predictions.



332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

TABLE III: The o (v +2 b-jet) /o (y+b-jet) cross section ratio in bins of p7. for [7| < 1.0, pls* > 15 GeV and |y**| < 1.5 together
with statistical uncertainties (Jstat), total systematic uncertainties (Jdsyst) and total uncertainties (dtot) which are obtained
by adding dstat and deyst in quadrature. The last four columns show theoretical predictions obtained with NLO QCD, kr
factorization, and with the PYTHIA and the SHERPA event generators.

pr bin  (p7) o(y+2b)/o(y+b)

(GeV) (GeV) Data Ostat (%) Osyst (%) tot (%) NLO kr fact. PYTHIA SHERPA
30-40 345 148x10° ' 23  +14/—6 +14/—6 1.58x10° " 1.42x10° " 7.25x10° 7 8.42x10 7
40 - 50 44.6 1.68x107* 2.5 413/—7  +13/-8 2.04x107' 1.89x107' 1.18x107' 1.20x107!
50 - 65 56.6 2.36x107t 2.8  412/-8  +£12/-8 2.59x1071 2.34x1071 1.22 x107! 1.63x107!
6590 752 2.54x107t 3.3 411/-8 +12/—-10 3.05x107t 2.92x107'  1.30x107' 2.20x107!
90 - 200 118.3 3.14x107' 34 415/—14 +15/-15 3.52x107' 3.67x107* 1.36x107' 2.87x107"

Data and predictions are also presented in Table II. Thess
values of the obtained y+b-jet cross section are consistentsre
with our previously published results [3]. 377
We use o(y + 2 b-jet) and o(y + b-jet) cross sections
to calculate their ratio in bins of pJ. Figure 8 shows™
the pJ. spectrum of the measured ratio. The system-"
atic uncertainties on the ratio vary within (11 — 15)%,*
being largest at high pJ. The major sources of sys-**
tematic uncertainties are attributed to the jet accep-**
tances and the estimation of b-jet and 2 b-jet fractions®®
obtained from the template fits to the data. Figure 8 also®™
shows comparisons with various predictions. The mea-**
surements are well described by the calculations done by*®
NLO QCD and kr-factorization predictions taking into®*”
account the experimental and theoretical uncertainties.*®
The scale uncertainties on the NLO calculations are typ-
ically < 15%, while they vary uptp 35% at high p7. for the
kr-factorization approach. The predictions from SHERPA
describe the shape, but underestimate the ratio for most
of the pJ. bins. The PyTHIA model does not perform well
in describing the shape and underestimates ratios across
all the bins. Experimental results as well as theoretical
predictions for the ratios are presented in Table III. 389
In summary, we have presented the first measurementss
of the differential cross section of inclusive production of3*
a photon in association with two b-quark jets as a func->*
tion of pJ. at the Fermilab Tevatron pp Collider. Thezzj
results cover the kinematic range 30 < p7. < 200 GeV,,
7] < 1.0, pi* > 15 GeV, and || < 1.5. The measuredass
cross sections are in agreement with the NLO QCD cal-37
culations and predictions from the kp-factorization ap-3
proach. We have also measured the ratio of differential®’
o (v +2 b-jet) /o (v + b-jet) in the same pJ. range. The ra-zz?
tio agrees with the predictions from NLO QCD and kr-,,
factorization approach within the theoretical and exper-,,
imental uncertainties in the full studied p;. range. Theseos
results can be used to further tune theory, MC event gen-4os
erators and improve the description of background pro-+¢
cesses in studies of the Higgs boson and searches for new*”
phenomena beyond the Standard Model at the Tevatronjzz
and the LHC in final states involving the production of,
vector bosons in association with two b-quark jets. a1
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