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The LHC provides OC\\' opportuoitiei> to improve our 11ndcr.>tanding of the b quark usiog high stalislics dala 
.!i.'llnples and LOO 14 TeV energy. TOO prospo:Ls to measure lhc cross so.:lion ror inclusive b 
production in events containing jcls and al least one muon are prcscoted. Studies of dcbXlor systematic 
etro:Ls and thoorelical uoo.._.,.ainties are included. QCO aspocLs of LOO OOauty production aro discussed. 

I lnd uld\l'. b·((Ua1·k produclion at l.HC 

I.I. 
B production will be one o f the most copious souroes of hadrons at LHC. Three mechanisms contribute to 
the beauty produc tion at hadron coll iders: gluon-gluon fusion a nd q q an.nibjJation (flavor c teation i.n hard 
QCD scattering), flavor excitation (se1ni-hard proce$.$) and gluon splitti.ng (soft proce$.$). It is important to 
meas11re the B-hadron Pt spectra withjn large range to be able to disentan.sle the contributions of those 
mecbanjs1ns. Flavor creation refers to the t\.llO-to-two QCD bb production dia.grains. Flavor 
excitation conesponds to diagm1ns wbete a bb pa ir fro1n the quatk sea of the proton is excited i.n to the fi.nal 
state due to one of the b quarks 11ndergoes a bard Q9D interaction with a p.'lrl.2.n fro1n the othe r proton. 
Gluon spljtting refers to the prooesses in_whicb the bb pair a rises fro1n a g -+ bb splitti.ng in the injtia l or 
fma l state. Neither of the quarks froLn bb pa ir p.'lrticip.'lte in the hard QCD scattering i.n tbjs case. inc lusive 
h -quark production bas been studied at other proton and e lectron colliders. The observed shapes of 
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distributions and correlations are reasonably well e.xpla ined by pcrtutb..'ltivc QCD. However, the obsetvcd 
cross-sections at the Tcvatron (Run I) are larger than QCD predictions l .J which is oonfinncd by Run II data 
SiLnilar effects are observed in yp collisions at HERA .._., and in Yf interactions at LEP 7-'. The agreement 
between experiment and theory bas ilnprovcd due to 1nore precise parton dens ity funct ions a nd proper 
estimates of fra,gmentation effects 9 . But an a,groemcnt is not co1nplete and pheno1ncno logical input to the 
calculations is required. 

1.2. 8 product/on mearurement ot LJIC 

A study 10 has been perfurmcd in Cf\1S on f\+lonte Carlo events generated with PYTHIA 11 to investigate 
methods of ide ntifying in Cf\+IS of h -jets (b " tagging') in an inc lus ive s.'llllplc of events containjng jets and at 
least one muon. We present here the capability to measure the inclusive h -quark production cross section as 
a funct ion of the B-hadron transverse 1001nentlnn Pr a nd p:seudorapidity '1· The study of the Cf\+IS cap..'lhi lity 
to measure the inc lusive b production is based on full detector simulation. The 1neasurcmcnt of the 
diffurential cross sections is studied fur 8 -hadrons of Pt > 50 GcV/c and withjn the fiducial voluJne of trll < 
2.4. The event se lection requires a b-taggcdjct in the fiducial volume to be present in the event. B tagging is 
based on inc lusive secondary vertex reconstruction in jets 11• At Level-I ( LI) trigger, the single muon 
trigger is used. At the Hig h Level Trigger ( HLT) we tequire the "muon + h-jet" trigger. The most e nergetic 
B-hadron ins ide the phase spaoe defined above is se lected. Good conespondcncc between the generated 8-
partic lc and the reconstntc ted h -tagged jet is observed. The corresponding relative resolutions for 8 -partic les 
with Pt > 170 GcV/c are 13% and 6% fur Pt and pscudorapidity, respectively. The average h tagging 
efficiency is 65% in the banel region, \.\ihile the efficiency is about JO % less fort he c ndcap tegion. 
The signal fraction is determined from a flt to the data distribution us.ing the s.iJnulated .shapes fortbe signal 
and background. To do so we apply a lepton tag by selecting inc lus.ive muons. Each recons.tntc tcd muon is 
associated to the 1nost energetic b tagged jct. The 1nuon 1nust be c loser to thjs b tagged jct than to any other 
jet in the event. Otherwise the event is discarded. In 1nost cases the tagged 1nuon is inside the b jet. The 
average efficiency of associating the muon with the b tagged jet is 75 %. v.:e calculate the transverse 
momcntuln of the 1nuon with respect to the h -jct axis whjch effectively discrimjnates between h events and 
background. Figure I sho""'S an cxrunplc of the fit of the distribution of the 1nuon p r with respect to the 
closest jet, using the expected shapes for the 1nuons fro1n h events, chann events ru1d ljght quark events. The 
nonnal isation of the three contributions ate free p.'lmmcters in the fit. The event fractions ate v.-ell 
reproduced within s.tatistical errors 10. 

Fig. I. Fit or th 11 mnon Pr s!X""lo11n with rc11p:tl to 1bci .;.b.ie:ii b ll:lggo.1 j:t. Th11 con11ilin1ions or 1.'1,!!g«i mnons rrom b 
turw), c C!\'tnls (dot-,i11Jhed tnn•11) 11 nd light (douo:I 11s dcfin o.1 liy th 11 lit 11ni sho"''"· Tht !10lid t urw i11 

1bci 11nm or th 11 1h l'CCI «Utribntions. 
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The total event selection efficiency is about 5 %. By conectiog for the sc1ni-leptonjc braochiog ratio of b 
quarks a nd c quatks it amolmts to about 25 % on average. It turns out that the total efficieocy is a lmost 
iodepe ndeot of trnn.sveise momentum and angle of the B-partic le . Therefore the 1neasu.1emeot of the 
diffureotial cross section i.s less affected by systematic unoertainties due to bin-by-bio efficie ncy com:ctions. 

Several potentia l souroes for systematic u.noertainties are ooos idered and their impact oo the observed cross 
section i.s detailed in 111• The laigest uocertaioty arises fro1n the 3 % error 13 on the jet e nerg)' scale whjch 
leads to a cross section error of 12 % at Er> 50 GeV/c. The estimated statistical, systematic aod total 
u.noertai.nty as function of the h tagged jet transverse momentlun with respect to the bea1n lj.ne is shown i.n 
Figure 2. 
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Fig. 2. Tho :d11tis1i.:.'ll 111xer111 in1y !« Ibo cross l«'lion tue.'$.1n:me111 (tri11Q!,b), $)'Slt m11ti.;. (sq1111rcs) 11ixctlain1y 11n,1 tct.'11 (dols) 
lltxctl11 i111y llS F11°"1ion or lh ' b 1118.!!,i:'d j el ""'ilh lellpct.:'I lo lh, lx-..'lm lim . Tct.'11 lltxctl11 i111y ttuiptiiies Ibo 
!.ll.'lli:itic::i l 11od S)'.lle1t-.1ic n11t t rtai111ie1 addo.1 in quadrntnni. 

The event selection for inclusive h production measuremeot at CMS will allow to study b production 
n1echanjs1ns oo an eveot sample of 16 m.iJJjoo b eveots fbr 10 fb·1 of i.ntegrated lu1ninosity. The b purity of 
the se lected events varies as fuoctioo of the trnn.sveise mo1neotum io a raoge from 70 % to 55 %. Our 
estimate shows that with the CMS detector Y.'C can reach 1.5 TeV/c as the highest measured traosverse 
momentu1n of B hadrons. The results ru-e prelininary, the i1nprovemeot.s ru-e Jjkely as further jet calibration 
tlmjo,gs. software a nd ana lysis a lgorithm develop1neots are fbresoen. 

1.3 . bb co1re/11tto11s 

Correlations measure1nents are fbreseeo at LHC io order to study details of the production 1nechani.sms 
discussed io the chapter I. I. The a ng uJar di.stance betweeo the b quatk di.1ection.s i.n the transverse pla.ne 
is the mai.n discrimioati.ng variable to disentangle contributions from the gluoo-gluon fusion, g luoo splittiog 
aod flavor excitation. The .6q> distributioo fbr gluon splitting is s )jghtly peaked at s1naJJ twp values. The 
angle betweeo the two b-quatks produoed by the gluoo-fusioo mechaojs1n has a peak at 180 degrees, as 
expected, sioce io the process gg -+ bii the b quatks are produced back-to-Oack io the trans verse plane. 
For the flavor excitation productioo mechanjs1n the back-to-back topology is preferred too. The f\+tC study 
with the detector simulation are prcseoted io 

A TI AS collaboratioo is goiog to use .l / t.f/ from decay of one B p11.rtic le and semi-leptonic muon decay fro1n 
aoother B for the b"ii-correlation.s measureineot is. The .6q> betY.'CCO .II '# a nd 1nuoo directions distributioo i.s 
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shown in Figure 3. The 1nuon efficiency as fu.nctlon of act>,,..._,. is also plotted. The efficiency is rather flat 
function, which will allow to avoid any si,gnificaut distortion of the original spectruln. 

iM g (l6 
' ' f'1 1$f - i-lecl .•• • d4' i 
' z llll • rt<OO.<trudtd • llJ l {).A ++++++++ 

l;t ai 
··+ : ·+·-·!· cu 

I 
(11 ···..---..................... 

•; !l5 1.5 1 i.; l 00 1l l 

"'""'""' •• 

Fig. 3. ATL\S study rcr Ibo bb ·com la1ious Tho lcli plol sho•'I J.\lp J/'I' a11d IQUOll .1il'«'lions 111 
gtoen1klr kiwi ;ind 11Jitr rccoustrut:lio11. Tho Ogh1 plol IUUOll M runc;lio11 or 

2 Concl1L.;Jo11 

ALI LHC experiments wiJJ 1neasure B production cross section at the new accelerator energy frontier, 14 
Te\I center-of-mass energy. Tbjs will provide a new test of the QCD and will ftx the normaJjzation for the 
beauty events back,grou.nd in the new physics searches. 
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