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Measurement of the B’ Production Cross Section in pp Collisions at /s = 7 TeV
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Measurements of the differential production cross sections do/dp% and do/dy® for B® mesons
produced in pp collisions at \/s = 7 TeV are presented. The data set used was collected by the CMS
experiment at the LHC and corresponds to an integrated luminosity of 40 pb~!. The production
cross section is measured from B® meson decays reconstructed in the exclusive final state J/ lpKO,
with the subsequent decays J/ — u* ™ and K — 7" 7~ The total cross section for pZ > 5 GeV and
|yB| < 2.2 is measured to be 33.2 + 2.5 + 3.5 b, where the first uncertainty is statistical and the second

is systematic.
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Cross sections for heavy quark production in hard scat-
tering interactions have been studied at pp colliders at
center-of-mass energies from 630 GeV [1] to 1.96 TeV
[2—4] and in p-nucleus collisions with beam energies from
800 to 920 GeV [5]. The expected cross sections can be
calculated in perturbative quantum chromodynamics. The
comparison between data and predictions provides a
critical test of next-to-leading order (NLO) calculations
[6]. Considerable progress has been achieved in under-
standing heavy quark production at Tevatron energies,
largely resolving earlier discrepancies [7], but substantial
theoretical uncertainties remain due to the dependence on
the renormalization and factorization scales. Measure-
ments of b-hadron production at 7 TeV provided by the
Large Hadron Collider (LHC) [8—10] represent a test at a
new center-of-mass energy of theoretical approaches that
aim to describe heavy flavor production [11,12].

This Letter presents the first measurement of the B°
cross section in pp collisions at /s =7 TeV. Events
with B® mesons reconstructed from their decays to the
final state J/¢K9, with J/ — u*pn” and KO—
", are used to measure do/dpZ, do/dy®, and the
integrated cross section for transverse momentum
pB>5 GeV and rapidity |y?| <2.2, where y is defined
as % lngfﬁ L E is the particle energy, and p; is the particle
momentum along the counterclockwise beam direction. As
the BY and B° are indistinguishable in this analysis, both
mesons are referred to as BY for the purposes of recon-
struction and the final results are divided by two to obtain
an average.

The data sample collected by the Compact Muon
Solenoid (CMS) detector at the LHC corresponds to an
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integrated luminosity of 39.6 = 1.6 pb~! and represents
the entire 2010 data set. A detailed description of the
detector may be found elsewhere [13]. The main detector
components used in this analysis are the silicon tracker and
the muon systems.

The silicon tracker measures charged particles within
the pseudorapidity range |n| < 2.5, where n = — In tan($)
and 6 is the polar angle of the track relative to the counter-
clockwise beam direction. It consists of 1440 silicon pixel
and 15 148 silicon strip detector modules and is located in
the 3.8 T field of the superconducting solenoid. It provides
an impact parameter resolution of ~15 um and a py
resolution of about 1.5% for particles with transverse
momenta up to 100 GeV. Muons are measured in the
pseudorapidity range |n| < 2.4, with detection planes
made using three technologies: drift tubes, cathode strip
chambers, and resistive plate chambers.

Events are selected by a trigger requiring two muons
without any explicit requirement on the muon momentum.
The muon candidates are fully reconstructed offline,
combining information from the silicon tracker and muon
detectors, and are required to be within the following
kinematic acceptance region: p% >3.3 GeV for |n#| <
1.3; total momentum p* > 2.9 GeV for 1.3 < |n*| < 2.2;
and p4 > 0.8 GeV for 2.2 <|n#| <2.4. Opposite-sign
muon pairs are fit to a common vertex to form J/i
candidates, which are required to be within 150 MeV of
the world-average J/ i mass [14].

The K9 candidates are formed by fitting oppositely
charged tracks reconstructed with the CMS tracking
algorithm [15] to a common vertex. Each track is required
to have at least 6 hits in the silicon tracker, a normalized
x?> <5, and a transverse impact parameter with respect to
the luminous region greater than 0.5 times its uncertainty.
The reconstructed Kg decay vertex must have a normalized
x> <7 and a transverse separation from the luminous
region at least 5 times larger than the uncertainty on the
separation. The 77" 7~ invariant mass m K0 is required to

satisfy 478 <m K <518 MeV, and the reconstructed
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mass distribution is found to be in good agreement with the
world-average value [14].

The B candidates are formed by combining a J/
candidate with a K candidate. A kinematic fit is performed
with the two muons and the Kg candidate, in which the
invariant masses of the J/¢ and K§ candidates are con-
strained to their world-average values [14]. The B° vertex
fit confidence level is required to be greater than 1% and
the reconstructed B mass mpg must satisfy 4.9 < mp <
5.7 GeV. When more than one candidate in a single event
passes all the selection criteria, only the candidate with the
highest B vertex fit confidence level is retained, which
results in the correct choice 99% of the time in simulated
events containing a true signal candidate. A total of 23 174
B candidates pass all selection criteria.

The efficiency of the BY reconstruction is computed with
a combination of techniques using the data and large
samples of fully simulated signal events generated by
PYTHIA 6.422 [16], decayed by EVTGEN [17], and simulated
by GEANT4 [18]. The trigger and muon-reconstruction
efficiencies are obtained from a large sample of inclusive
J/ — ut u~ decays in data using a technique similar to
that described in Ref. [19], where one muon is identified
with stringent quality requirements, and the second muon
is identified using information either exclusively from the
tracker (to measure the trigger and muon-identification
efficiencies), or from the muon system (to measure the
silicon tracking efficiency). Since the dimuon efficiencies
are calculated as the product of the measured single muon
efficiencies, a correction (1%—6%), obtained from the
simulation, is applied to take into account efficiency
correlations between the two muons. The probabilities
for the muons to lie within the kinematic acceptance region
and for the BY and K) candidates to pass the selection
requirements are determined from the simulated events. To
minimize the effect of the PYTHIA modeling of the p2 and
|y2| distributions on the efficiency calculation, the simu-
lated events are reweighted to match the kinematic
distributions observed in the data. The efficiencies for
hadron-track reconstruction [20], Kg reconstruction [21],
and for fulfilling the vertex quality requirement are found
to be consistent between data and simulation within the
available precision (up to 5%).

The proper decay length of each selected B® candidate is
calculated as ct = (mp/p})L,,, where the transverse de-
cay length L,, is the vector § pointing from the primary
vertex [15] to the BY vertex projected onto the B® trans-
verse momentum vector: L,, = (5 - p7)/|p7l.

Backgrounds are dominated by prompt and nonprompt
J/ production, with nonprompt contributions from
sources peaking and nonpeaking in mp, as shown in
Fig. 1. In particular, misreconstructed »-hadron decays to
final states with a J/ i, such as B — J/ K*(892), produce
a broadly peaking structure in the region mg < 5.2 GeV. A
study of the dimuon invariant mass distribution confirms
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FIG. 1 (color online). Projections of the fit results in (a) mp
and (b) ct for pZ >5 GeV and |yB| < 2.2. The curves in each
plot are as follows: the sum of all contributions (blue solid line);
the prompt J/ i (green dotted); the sum of the prompt J/ s
and peaking background (red dashed), and the sum of all back-
grounds (purple dot-dashed).

that the contamination from events containing a misidenti-
fied J/ ¢ is negligible after all selection criteria have been
applied.

The signal yields in each p% and |y?| bin are obtained
using an unbinned extended maximum-likelihood fit to mp
and ct. The likelihood for event j is obtained by summing
the product of yield n; and probability density 2; for each
of the signal and background hypotheses i. Four individual
components are considered: signal events, prompt J/ s
events, nonprompt b — J/ i events that peak in my (peak-
ing), and nonprompt b — J /i events that do not peak in
mp (nonpeaking). The extended likelihood function is the
product of likelihoods for all events:

L= exp(— ini)nl:gni?i(mB; &i)Ti(Ct;Bi)]- (L

i=1 j

The probability density functions (PDFs), P;, with shape
parameters &; for mp and B; for ct, are evaluated
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separately for each of the i fit components. The yields n;
are determined by maximizing £ with respect to the yields
and a subset of the PDF parameters.

The PDF shapes are described below with the parame-
ters obtained from data when possible. The mp PDFs are as
follows: the sum of two Gaussian functions for the signal;
exponential functions for the prompt and nonpeaking back-
grounds; and a sum of three Gaussian functions for the
peaking background. The resolution on mp for correctly
reconstructed signal events from simulation is approxi-
mately 20 MeV. The ct PDFs are as follows: a single
exponential function convolved with the resolution func-
tion to describe the signal and peaking background com-
ponents, where the lifetimes are allowed to be different;
the sum of two exponential functions convolved with the
resolution function for the nonpeaking component; and the
pure resolution function for the prompt J/ component.
The resolution function, a sum of two Gaussian functions,
is common for signal and background and is measured in
data to have an average resolution of 71 pum.

The fit proceeds in several steps such that all background
shapes are obtained directly from data, except for the
peaking component which is taken from simulation, as
are the signal mp shapes. This technique relies on the
assumption that in the region 5.4 < mpg < 5.7 GeV (side-
band) there are only two contributions: prompt J/ ¢ and
nonpeaking background. To obtain the effective lifetime
distribution of the nonpeaking background, the mp and ct
distributions in the mp sideband region are fit simulta-
neously for events in the inclusive B° sample defined by
pB >5 GeV and |y?| <2.2. In the second step, the signal
BY lifetime in the inclusive sample is determined by fitting
ct and mp simultaneously in the full mp range. The result,
ct =479 =22 um (statistical uncertainty only), is in
agreement with the world-average value, 457 =3 um
[14]. With the effective lifetimes for signal and nonprompt
background fixed, the signal and background yields are fit

TABLE 1.

in each bin of pZ and |y®|, together with the parameters
describing the ct resolution and the shapes of the prompt
and nonpeaking components in mp.

The accuracy and robustness of the fit strategy were
demonstrated by performing a large set of pseudoexperi-
ments, with each one corresponding to the yields observed
in data, where signal and background events were gener-
ated randomly from the PDFs in each bin. No significant
biases were observed on the yields, and the statistical
precision of the test was taken as the systematic uncertainty
due to potential biases in the fit method. The fit uncertain-
ties were also observed to be estimated properly.

The fitted signal yields in each bin of pZ and |y?| are
summarized in Table I. Figure 1 shows the fit projections
for mp and cf from the inclusive sample with p2 > 5 GeV
and |yP| <2.2. The total number of signal events is
809 = 39, where the uncertainty is statistical only.

The differential cross section is calculated in bins
of p8 as

do(pp — B°X) _ Ngig
dp’ 2e BLApPY’

2

and similarly for |y®|, where ng, is the fitted number of
signal events in the given bin, € is the efficiency for a B°
meson to pass all the selection criteria, L is the integrated
luminosity, Ap¥% is the bin size, and B is the product of
branching fractions B(B® — J/¢K?) = (4.36 = 0.16) X
1074, BJ/¢p— utu~)=(593+0.06) X 1072, and
B(KY — 7t o) = 0.6920 = 0.0005 [14]. The additional
factor of 2 in the denominator accounts for our choice of
quoting the cross section for B® production only, while Ngig
includes both B® and B°. The efficiencies are calculated
separately for each bin, always considering only mesons
produced with |y8| < 2.2 (p& > 5 GeV) for p2 (|y®|) bins,
and take into account bin-to-bin migrations ( < 1%) due to
the resolution on the measured p2 and [y?|.

Signal yield ng,, efficiency €, and measured differential cross sections do/d pZ and do/dy®, compared to the MC@NLO

[22] and PYTHIA [16] predictions. The uncertainties in the measured cross sections are statistical and systematic, respectively,
excluding the common luminosity (4%) and branching fraction (3.8%) uncertainties. The uncertainties on the signal yields are

statistical only, while those on the efficiencies are systematic.

pE (GeVv) N € (%) do/dpE (ub/GeV) MC@NLO PYTHIA
5-10 240 = 23 0.65 £ 0.05 5.20 = 0.50 = 0.59 3.66 7.42
10-13 169 = 17 3.32 £0.28 1.196 £ 0.121 = 0.117 1.13 2.14
13-17 193 £ 16 6.37 = 0.51 0.535 £ 0.045 £ 0.051 0.49 0.83
1724 138 =13 9.60 = 0.76 0.145 £ 0.014 = 0.014 0.15 0.24
24-40 70 £9 11.40 £ 1.04 0.027 £ 0.003 = 0.003 0.025 0.035
[yB]| N € (%) da/dy? (ub) MC@NLO PYTHIA
0.0-0.5 145 = 14 1.34 = 0.10 7.63 =0.74 = 0.76 6.21 12.41
0.5-1.0 141 = 15 1.38 = 0.10 7.20 =0.75 = 0.71 6.14 12.01
1.0-1.4 167 =17 1.93 = 0.15 7.61 =0.77 = 0.83 5.81 11.24
1.4-1.8 229 =21 2.51 = 0.21 8.06 = 0.74 £ 0.89 5.38 10.36
1.8-2.2 128 = 17 1.69 = 0.14 6.71 £ 0.87 = 0.80 4.81 9.26
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The cross section is affected by systematic uncertainties
on the signal yield and efficiencies, which are uncorrelated
bin-to-bin and can affect the shapes of the distributions,
and by uncertainties on the branching fractions and lumi-
nosity, which are common to all bins and only affect the
overall normalization. The uncertainty on the signal yield
arises from potential fit biases and imperfect knowledge of
the PDF parameters (4%—7%), and from effects of final-
state radiation and mismeasured track momenta on the
signal shape in mp (1%). Uncertainties on the efficiencies
arise from the trigger (2%—-3%), muon identification (1%),
muon tracking (1%), KO (5%) and B° (3%) candidate
selection requirements, acceptance (2%-3%), dimuon cor-
relations (1%-5%) and p% and |y?| mismeasurement (1%).
The first five efficiency uncertainties are determined di-
rectly from data, while the last three are determined by
simulation. The largest uncertainties on the efficiency arise
from the K(S) reconstruction, which is dominated by the
displaced hadronic track efficiency and is measured by
comparing the reconstructed K9 lifetime with the known
value, and the dimuon correlation uncertainty, which is
taken as 100% of the correction applied to account for
the correlations. The difference between the kinematically
reweighted and unreweighted results (3%—5%) is taken as
an additional systematic uncertainty. The bin-to-bin sys-
tematic uncertainty is computed as the sum in quadrature
of the individual uncertainties, and is summarized in
Table I. In addition, there are normalization uncertainties
of 4% from the luminosity measurement and of 3.8% from
the branching fractions [14].

The differential cross sections as functions of p2 and
|yB| are shown in Fig. 2 and Table 1. They are compared
to the predictions of MC@NLO [22] using a b-quark mass m,,
of 4.75 GeV, renormalization and factorization scales

w = /m} + p3, and the CTEQ6M parton distribution

functions [23]. The uncertainty on the predicted cross
section is calculated by independently varying the renor-
malization and factorization scales by factors of two, m,, by
+0.25 GeV, and by using the CTEQ6.6 parton distribution
functions. For reference, the prediction of PYTHIA [16] is
also included, using a b-quark mass of 4.80 GeV, CTEQ6L1
parton distribution functions [23], and the Z2 tune [24] to
simulate the underlying event. The measured p; spectrum
falls slightly faster than predicted by MC@NLO, while the y
spectrum is measured to be flatter than the PYTHIA predic-
tion and in agreement with the MC@NLO prediction within
uncertainties. The integrated cross section for p% > 5 GeV
and |y®| < 2.2 is calculated as the sum over all p; bins,
without an upper limit for the highest p; bin, to be
33.2 £2.5 £3.5 ub, where the first uncertainty is statis-
tical and the second is systematic. The result is compatible
with the prediction from MC@NLO (25.2%2 ub) and below
the prediction from PYTHIA (49.1 ub).

In summary, the first measurements of the differential
cross sections do/dp% and do/dy? for B mesons
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FIG. 2 (color online). Measured differential cross sections
(a) do/dp% and (b) do/dy® compared to the theoretical pre-
dictions. The inner error bars correspond to the statistical un-
certainties and the outer error bars represents the uncorrelated
systematic uncertainties added in quadrature to the statistical
uncertainties. Overall uncertainties of 4% for the luminosity
and 3.8% for the branching fractions are not shown. The solid
and dashed (blue) lines are the MC@NLO prediction and its
uncertainty, respectively. The dotted (red) line is the PYTHIA
prediction.

produced in pp collisions at /s = 7 TeV have been pre-
sented using the decay B® — J/K?. The measurements
cover a range in pZ from 5 GeV to more than 30 GeV,
and the rapidity range |y®| < 2.2. The total cross section in
this kinematic region lies between the central values of
the MC@NLO and PYTHIA predictions, with a rapidity
distribution that is flatter than PYTHIA. It is also in agree-
ment within uncertainties with the measured B* cross
section [9].
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J. Conway,l “4pT Cox,1 147, Dolen,1 4R, Erbacher,1 4 g, Friis,1 14w, Ko,1 14 A, Kopecky,1 4R, Lander,1 4H. Liu,1 14
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S. Sumowidagdo,116 R. Wilken,116 S. Wimpenny,116 W. Andrews,117 J.G. Branson,117 G.B. Cerati,117
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252001-9



PRL 106, 252001 (2011) PHYSICAL REVIEW LETTERS 24 SUNE S0

W. Cooper,124 D.P. Eartly,124 V.D. Elvira,'** S. Esen,'?* 1. Fisk,'?* J. Freeman,'** Y. Gao,'** E. Gottschalk,'**
D. Green,'?* K. Gunthoti,'** O. Gutsche,'>* J. Hanlon,'?* R. M. Harris,'** J. Hirschauer,'** B. Hooberman,'**
Hlmwﬁliwmmyﬁlbmﬂ%RKmmmwpﬁimm&mKmeMQ%SKmmﬂmSKmmm
C. Leonidopoulos.,124 P. Limon,'?* D. Lincoln,'?* R. Lipton,124 J. Lykken,124 K. Maeshima,'?* J. M. Marraffino,'**
D. Mason,'?* P. McBride,'** T. Miao,'** K. Mishra,'** S. Mrenna,'** Y. Musienko,'?*" C. Newman-Holmes,'**
V. O’Dell,124 R. Pordes,124 0. Prokofyev,124 N. Saoulidou,124 E. Sexton-Kennedy,124 S. Sharma,124 A. Soha,124
W.J. Spalding,'** L. Spiegel,'** P. Tan,'** L. Taylor,"** S. Tkaczyk,"** L. Uplegger,'** E. W. Vaandering,'**

R. Vidal,"** J. Whitmore,'** W. Wu,'* E. Yang,124 F. Yumiceva,'** J. C. Yun,'?* D. Acosta,'* P. Avery,125
D. Bourilkov,'?® M. Chen,'?> M. De Gruttola,'?> G.P. Di Giovanni,'*> D. Dobur,'** A. Drozdetskiy,125
R.D. Field,'> M. Fisher,'?’ Y. Fu,'® 1. K. Furic,'? J. Gartner,'? B. Kim,'* J. Konigsbelrg,125 A. Korytov,125
A. Kropivnitskaya,125 T. Kyplreos,125 K. Matchev,'?® G. Mitselmakher,'** L. Muniz,'® Y. Pakhotin,'*>
C. Prescott,'* R. Remington,]25 M. Schmitt,'?® B. Scurlock,'® P. Sellers,'> N. Skhirtladze,'*>> M. Snowball,'?
D. W.amg,125 J. Yelton,'?> M. Zakaria,'*® C. Ceron,'*® V. Gaultney,126 L. Kramer,'2® L. M. Lebolo,'?® S. Linn,'?°
P. Markowitz,'*® G. Martinez,'*° D. Mesa,'?° J. L. Rodriguez,126 T. Adams,'?” A. Askew,'?” D. Bandurin,'*’

J. Bochenek,'?” J. Chen,'?” B. Diamond,'?’ S. V. Gleyzer,127 J. Haas,'?” S. Hagopian,127 V. Hagopian,127
M. Jenkins,127 K.F Johnson,127 H. Prosper,127 L. Quertenmont,127 S. Sekmen,127 V. Veeraraghavan,127
M. M. Baarmand,128 B. Dorney,128 S. Guragain,128 M. Hohlmann,128 H. Kalakhety,128 R. Ralich,128
I. Vod()piyanov,128 M.R. Adams,'* 1. M. Anghel,]29 L. Apanasevich,129 Y. Bai,'?® V. E. Bazterra,'*” R.R. Betts,'*’
J. Callner,129 R. Cavanaugh,129 C. Dragoiu,129 L. Gauthier,129 C.E. Gerber,129 D.J. Hofman,129 S. Khalatyan,129
GlKmmf”RUMMﬂ”MAMMQ”COBMmmCSmmmf”ASmmmpﬁl&mmn%QWWbﬁm
UA@MH”EAAmwmdeBMﬂmWCMMM”FDMﬁ”CKlmﬂ”EMdmmmﬁmLRMﬂmmo
H. Mermer1(21ya,l30’uu A. Mestvirishvili,"*® A. Moeller,"*° J. Nachtman,'** C.R. Newsom,"*° E. Norbeck,'*°
J. Olson,"*® Y. Onel,"*° E. Ozok,'** S. Sen,"*° J. Wetzel,"*° T. Yetkin,'** K. Yi,'* B. A. Barnett,"*' B. Blumenfeld,"*'
A. Bonato,"*! C. Eskew,"*! D. Fehling,131 G. Giurgiu,131 A.V. Gritsan,'*! Z.J. Guo,"! G. Hu,'*! P. Maksimovic,'*!
S. Rappoccio,m M. Swartz,]31 N. V. Tran,131 A. Whitbeck,]31 P. Baringer,132 A. Bean,132 G. Benelli,132
0. Grachov,132 R.P. Kenny Iii,132 M. Murray,132 D. Noonan,132 S. Sanders,132 J.S. Wood,132 V. Zhukova,132
A.f. Barfuss,'*® T. Bolton,'*® I. Chakaberia,'*® A. Ivanov,'** S. Khalil,!** M. Makouski,'** Y. Maravin,'*?

S. Shrestha,'** I. Svintradze,'** Z. Wan,'* J. Gronberg,134 D. Lange,134 D. Wright,134 A. Baden,'®
M. Boutemeur,135 S.C. Eno,135 D. Ferencek,135 J.A. Gomez,135 N.J. Hadley,135 R.G. Ke]logg,135 M. Kirn,135
Y. Lu,"*’ A.C. Mignerey,135 K. Rossato,'*> P. Rumerio,'*> F. Santanastasio,'>> A. Skuja,135 J. Temple,135
M. B. Tonjes,135 S.C. Tonwar,'*> E. Twedt,'*> B. Alver,'*® G. Bauer,'*® J. Bendavid,'*® W. Busza,'*® E. Butz,'*®
L A. Cali,’?® M. Chan,'®® V. Dutta,'® P. Everaerts,'*® G. Gomez Ceballos,"® M. Goncharov,'*® K. A. Hahn,'3°
P. Harris,"*® Y. Kim,"*® M. Klute,'*® Y.-J. Lee,"*® W. Li,"*® C. Loizides,"*® P.D. Luckey,'*® T. Ma,"*® S. Nahn,'?
C. Paus,'*° D. Ralph,136 C. Roland,"*® G. Roland,'*® M. Rudolph,136 G.S.F. Stephans,136 F. Stockli, ¢
K. Sumorok,"?° K. Sung,]36 E. A. Wenger,]36 S. Xie,'** M. Yang,]36 Y. Yilmaz,'*® A.S. Yoon,'*® M. Zanetti,'*°
P. Cole,137 S.L Cooper,137 P. Cushman,137 B. Dahmes,137 A. De Benedetti,137 P.R. Dudero,137 G. Franzoni,137
J. Haupt,137 K. Klapoetke,137 Y. Kubota,'?” J. Mans,'®” V. Rekovic,'*” R. Rusack,'®” M. Sasseville,'?’

A. Singovsky,137 L.M. Cremaldi,'*® R. Godang,]38 R. Kroeger,138 L. Perera,'*® R. Rahmat,'*® D. A. Sanders,!*®
D. Summers,138 K. Bloom,139 S. Bose,139 J. Butt,139 D.R. Claes,139 A. Dominguez,139 M. Eads,139 J. Keller,139
T. Kelly,139 L. Kravchenko,'* J. Lazo-Flores,'*® H. Malbouisson,'** S. Malik,'** G.R. Snow,'** U. Baur,'*°
A. Godshalk,'*" I. Tashvili,'** S. Jain,"** A. Kharchilava,'** A. Kumar,'* S.P. Shipkowski,'** K. Smith,"*°
G. Alverson,141 E. Barberis,141 D. Baumgartel,141 0. Boeriu,141 M. Chasco,141 S. Reucroft,141 J. Swain,141
D. Trocino,"*' D. Wood,'*' J. Zhang,"*' A. Anastassov,'** A. Kubik,'** N. Odell,'"** R. A. Ofierzynski,'**

B. Pollack,'** A. Pozdnyakov,'42 M. Schmitt,'*? S. Stoynev,'42 M. Velasco,'*?* S. Won,'** L. Antonelli,'*

D. Berry,143 M. Hildreth,143 C. Jessop,143 D.J. Karmgard,143 J. Kolb,143 T. Kolberg,143 K. Lannon,143 W. Luo,143
S. Lynch,'"** N. Marinelli,"** D. M. Morse,"** T. Pearson,'** R. Ruchti,'** J. Slaunwhite,'** N. Valls,'*?

M. Wayne,143 J. Ziegler,143 B. Bylsma,144 L.S. Durkin,'** J. Gu,"** C. Hill,'** P. Killewald,'** K. Kotov,'**
TYU@ﬂ%&M%%m@MGWMmMMNAMmmEBmw“RHmﬂ“DGﬂm%ﬂ“ﬂﬂwﬂs
P%MM“AHmﬁ“lme“ELmﬁﬁDL@%%@ﬁ“DMmMﬁ“TMdW%mﬂ%&Mmmﬁ“

J. Olsen,'* P. Piroué,'® X. Quan,145 H. Saka,'® D. Stickland,'® C. Tully,145 J.S. Werner,'® A. Zuranski,'®
J.G. Acosta,l46 X.T. Huang,146 A. Lopez,146 H. Mendez,l46 S. Oliveros,146 J.E. Ramirez Vargas,146

252001-10



week endin

PRL 106, 252001 (2011) PHYSICAL REVIEW LETTERS 24 JUNE 2011

A. Zattserklyaniy,146 E. Alagoz,147 V.E. Barnes,'*” G. Bolla,!*’ L. Borrello,'*” D. Bortoletto,'*” A. Everett,'*’
A.F. Garfinkel,' L. Gutay,147 Z. Hu,'"* M. Jones,'*” O. Koybasi,]47 M. Kress,'*” A.T. Laasanen,'*’
N. Leonardo,147 C. Liu,147 V. Maroussov,147 P. Merkel,147 D.H. Miller,]47 N. Neumeister,147 I. Shipse:y,147
D. Silvers,"¥” A. Svyatkovskiy,147 H.D. Yoo,'" J. Zablocki,'*" Y. Zheng,147 P. Jindal,'*® N. Parashar,'*®
C. Boulahouache,'* V. Cuplov,149 K. M. Ecklund,'** E.J. M. Geurts,'*’ B. P. Padley,149 R. Redjimi,149 J. Roberts,'*”
J. Zabel, 149, Betchart,lso A. Bodek,150 Y.S. Chung,150 R. Covarelli,lso P.de Barbaro,lso R. Demina,lso Y. Eshaq,lso
H. Flacher,"® A. Garcia-Bellido,"”° P. Goldenzweig,'** Y. Gotra,'*° J. Han,"*° A. Harel,"*° D. C. Miner,"*"
D. Orbaker,"° G. Petrillo,"*° D. Vishnevskiy,15 9 M. Zielinski,'>® A. Bhatti,'>! R. Ciesielski,'>! L. Demortier,'>!
K. Goulianos,]Sl G. Lungu,m S. Malik,151 C. Mesropian,]51 M. Yan,m 0. Atramentov,]52 A. Barker,]52
D. Duggan,152 Y. Gershtein,152 R. Gray,152 E. Halkiadakis,152 D. Hidas,152 D. Hits,152 A. Lath,152 S. Panwalkar,152
R. Patel,'>? A. Richards,'>? K. Rose,'>? S. Schnetzer,'>* S. Somalwar,'>? R. Stone,'>? S. Thomas,'>? G. Cerizza,'>
M. Hollingsworth,153 S. Spanier,153 Z.C. Yang,153 A. York,'>? J. Asaadi,"* R. Eusebi,'>* J. Gilmore,>*

A. Gurrola,'>* T. Kamon,'>* V. Khotilovich,'>* R. Montalvo,'>* C.N. Nguyen,154 I. Osipenkov,154 J. Pivarski,'>*
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