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INTRODUCTION

LHCb

LHCb: a forward-arm spectrometer at the LHC
Optimized for heavy flavor physics in pp collisions.

LHCDb Integrated Luminosity
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Data collection:

2010 38pb~" /s =7TeV,
2011 1.1~ /s=7Tev,
2012 2.0fb~" /s =8TeV.
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INTRODUCTION

FORWARD ACCEPTANCE

Forward acceptance 2 < n < 5.

Takes advantage of the
predominant forward production of
heavy flavored hadrons.

LHCb MC
Vs=7TeV

Pseudorapidity range unique
among the LHC detectors.

6, [rad] Complementary to the GPDs. i
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D HADRON PRODUCTION NucL.PHYS. B871 (2013) 1-20

OPEN CHARM PRODUCTION CROSS-SECTIONS

NucL.PHYS. B871 (2013) 1-20

‘g = HcoPreliminary|  Suite of open charm cross-sections
s 0 -+
s . DjK T o DI = ¢(K-K*)r+
R *
5 ¢ D> DPx o Af— ptK xt
'E : o Dt K rntrnt
Binned in pr and y, differential do/dpr
ey (i, @ pr<8GeV/c,2 <y <45,
" —1
2 f rcopaim @ 15nb™ " of 2010 data
S Measure prompt production
8 :
5’ @ Production from b-hadron decays
R isolated with /P2 distribution.
Includes measurements of
?ogm&pXZ) o Differential cross-sections,
Supercedes @ Charm species production ratios, %
LHCb-CONF-2010-013. @ Total cc cross-section.

P. SPRADLIN (GLASGOW) OPEN CHARM AND BEAUTY AT LHCb TUNING WS 2014.10.21 5/24



D HADRON PRODUCTION NucL.PHYS. B871 (2013) 1-20

DIFFERENTIAL CROSS-SECTIONS: D% AND D
NucL.PHYS. B871 (2013) 1-20

do/dpr compared to predictions from FONLL and GMVFENS
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FONLL: Fixed-Order-Next-to-Leading-Logarithm, JHEP 1210 (2012) 137
GMVFNS: Generalized Mass Variable Flavour Number Scheme, Eur.Phys.J.C72 (2012) 2082
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D HADRON PRODUCTION NucL.PHYS. B871 (2013) 1-20

DIFFERENTIAL CROSS-SECTIONS: Df AND D**
NucL.PHYS. B871 (2013) 1-20

do/dpr compared to predictions from
FONLL and GMVFNS
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D HADRON PRODUCTION NucL.PHYS. B871 (2013) 1-20

DIFFERENTIAL CROSS-SECTIONS: Af — pTK 7"
NucL.PHYS. B871 (2013) 1-20

do /dpr compared to predictions from

GMVENS
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D HADRON PRODUCTION

DS -D; PRODUCTION ASYMMETRY
PHYS.LETT. B713 (2012) 186-195

PHYS.LETT. B713 (2012) 186-195

Measured with decays D — ¢n*

@ ~0.8 million signal decays in 1fo~" at

VS =T7TeV.
Production asymmetry in bins of DF (pr, y)
_oD§ —oDs
v oDF +oD3

Includes a precise measurement of the 7+
detection asymmetry

e With D*+ — DOzt D° - K—ntn—x* decays,
@ Incorporated into Ap determination.

3 bins in pr range [2,25] GeV,
3 bins in y range [2.0,4.5].

Average asymmetry integrated over full range
Ap = (—0.33+0.224+0.10)%

P. SPRADLIN (GLASGOW) OPEN CHARM AND BEAUTY AT LHCb

A, (%)

A, (%)

(a) LHCb
Vs=7TeV

l -

B A
@ Magnet up
m Magnet down

@ Average

25 3.0 3.5 4.0 4.5

P ——

T T
(b) LHCb
Vs=7TeV

® Magnet up
® Magnet down

& Average

1 1
5 10 15 20 ﬂ
P, (

TUNING WS 2014.10.21 91/24



D HADRON PRODUCTION PHYS.LETT. B718 (2013) 902-909

D+-D~ PRODUCTION ASYMMETRY
PHYS.LETT. B718 (2013) 902-909

Measured with decays D* — K0r*

o ~1 million signal decays in 1fb~" at o008t

/8 =T7TeV.

Production asymmetry in bins of D+ (pr,n) 3 °™F

Production asymmetry
o

S
o
2

oDt — oD~ g
-0.015F

~ oDt + 0D~ - 5 10 15
P, [GeV/c]

Ap

Corrected for CP violation in the neutral
kaons and 7+ detection asymmetry.

(=]

8 bins in pr range [2, 18] GeV,
6 bins in n range [2.20,4.75].

Average asymmetry integrated over full
range o0k E
AP == (_096i026i0.18)% E L L L L L ]

25 3 35 4 25
No significant trend in pr or 7. n 4

Production asymmetry
S 3
2 &

-0.015F
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bE FRAGMENTATION AND INCLUSIVE PRODUCTION INTRODUCTORY REMARKS

FROM INCLUSIVE bb TO HADRON CROSS-SECTIONS

Two LHCb measurements of the inclusive bb production cross-section
for pp /s = 7 TeV (extrapolated to 4r)

o Using b— DuvX with 14.9nb~" (Phys. Lett. B694 (2010) 209-216)
o(pp— bbX) = 284 + 20 + 49 b

@ Using detached J/3 with 5.2 pb’1 (Eur. Phys. J. C 71 (2011) 1645)
o(pp— bbX) =288 +4 +48ub

Related to production cross-sections of specific b-hadron species by
fragmentation functions

o Here we use fy = B(b— Bg), fyg = B(b— 43),
@ In principle, can depend on +/s and location in b phase space.

Necessary for normalization of B2 and A9 branching ratio
measurements at LHC

@ Also useful for sensitivity and background studies.

Two measurements of fragmentation function ratios at LHCb. (s
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION PHYS.LETT. B694 (2010) 209-216

opp— bbX witTH b— D°uv X

PHYS.LETT. B694 (2010) 209-216

LHCb
Analysis of D°(K—n*)u combinations in i

14nb~" at /s = 7 TeV.

Separation of prompt D° and D° from b with
log of impact parameter of D° with respect to
PV.

Events/ (0.1)
(2]
8
T
Il

400} 4

200 ! N
Differential cross-sections in 4 bins of 7, Wt s
0 AR Sk

where 7 is determined by the displacement - . s s >
from the PV to the D° 11~ vertex.

4 -
In(IP/mm)

Converted to o(pp— bbX) with inclusive w0
B(b—> DO/J,_I/MX). do 30

(ub) 20

Integrated over fiducial region
o(pp— HpX,2 <1< 6)=7534+544+130ub. *

0 5,
2 3 4 5
n %
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION EUR.PHYS.J. C71 (2011) 1645

opp— bbX WITH b— Jhy X

EUR.PHYS.J. C71 (2011) 1645

Analysis of 565,000 J/i) — ptpu~ in5.2pb~"

_ R 25<y <30
at /s = 7TeV. = o < soeve]
Separation of prompt J/y» and J/» from b with £ o
pseudo-proper time k|
"g 10
t, = (Zyp — ZV)MJ/w \; 10
pZ = 1 2o
Double differential cross-sections in 14 bins of ~ '*" = 0 s
pr and 5 bins of y t: [ps]
§ E ‘ J hy from b, \Ns=7 n‘v LHCb ]
d?c(Jp from b)/dprdy == 1
:;6 i Blats ol
Integrated over fiducial region N +:;ff¢j; E
o(Jfp from b, pr < 14GeV,2.0 < y < 4.5) R e o= SN
=1.144£0.01 £ 0.16 ub. i - :i*
Converted to o(pp— bbX) with inclusive g 3 m s ¢
B(b— Jip X). prlGeVil
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION PHYS. REV. LETT. 107 (2011) 211801

fs/fy WiTH B— Dh

PHYS. REV. LETT. 107 (2011) 211801

Three decay modes for two determinations of fs/fy:

B DK, B DT, BY— Dy wt.
Using theoretical expressions for the branching fractions, the ratio from
B — Dgnt and B— DK+ is

2(1‘,()2750 1 <e(D‘K+) N(Dsw+)>
fr TBgNaNF e(Dg ) N(D-K™)

fS VUS
= =0971|—=
fa %

and that from B — Dy 7+ and B® — D=t is
fs

s _ 980T 1 <6(D_7T+) N(D§W+)>
fy g0 NaNFNg \e(Dgnt) N(D-7t)

N(X) and ¢(X) are the experimental yields and efficiencies, N
parameterizes nonfactorizable SU(3)-breaking, N is the ratio of form
factors, and Mg accounts for the W-exchange diagram in B® — D~
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION

fs/fy WiTH B— Dh

PHYS. REV. LETT. 107 (2011) 211801

PHYS. REV. LETT. 107 (2011) 211801

Result from B — D; 7+ and B — D— K+

fs
fa

= (0.310 + 0.030(stat) & 0.021(syst))

1
NaNF

and that from B¢ — Dy 7+ and B° — D~ n*

fs
fy

= (0.307 + 0.017(stat) & 0.023(syst))

1
NaNENE

Combining the two with substituted theory
parameters

fa

P. SPRADLIN (GLASGOW)

° —0.253+0.017(stat)+0.017(syst)£0.020(theor)
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION PHYS. REV. D 85 (2012) 032008

fs10y/(fu + fg) WITH SEMILEPTONIC DECAY'S
PHYS. REV. D 85 (2012) 032008

Attempt to reduce theoretical input by analyzing the abundances of the
products of semileptonic b-hadron decays.

—

g

LHCb
- Vs=7Tev

(b)

Six inclusive final states

4MeV)

Events /(
g B g &8 ¢
T

e AfutvX and D°putvX to determine
abundance of A%, Neor (A2 — D),

e Dy ptvX and D°K~ptvX to determine

abundance of BY, n..: (B2 — D), ’ —w ‘“"( B ED‘;K'"”‘M"V’
= ) . ass m(K~«

e D% tvX and D~ ptvX with corrections from aonop— T r ——
the other final states to determine the o '
combined abundance of B° and B, S .
Neore(B® — D) 4 Neore(B* — D). & o ]

b-hadron semileptonic decays separated from
prompt D production with characteristic
distribution of D impact parameter.

F3 4 2

log(IP/mm)  1Ea
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION PHYS. REV. D 85 (2012) 032008

fs10y/(fu + fg) WITH SEMILEPTONIC DECAY'S
PHYS. REV. D 85 (2012) 032008

From these,

fs Neorr(B2 — D) 7B+ + Tpo
fu+fa  Noorr(B®— Dpt) + Noor(BT— D) 27y

and

ng ncorr(Ag — D,U) 7B+ + Tgo

= 1—
fu+ 1y ncorr(BO_> Dp) + neon(B* — D) 27—/12 ( ?

where the factor ¢ accounts for the chromomagnetic correction that
affects b mesons but not b baryons.

Analyzed as a function of Dy pr in two bins of Dy n to investigate
variations in phase space. ik
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION PHYS. REV. D 85 (2012) 032008

fs/(f, + fy) WITH SEMILEPTONIC DECAYS
PHYS. REV. D 85 (2012) 032008

0.3 T T T T

[
@
<l
=

02= e

LHCb
Vs=7TeV

s

5 10 5 10
P, (charm + p) (GeV) P, (charm + p) (GeV)

No sign of pr dependence for fs/f, + fy
Constant fit to all data gives

fs — +0.011
or, = 013440004150
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION PHYS. REV. D 85 (2012) 032008

fro/(fy + fy) WITH SEMILEPTONIC DECAYS
Ab
PHYS. REV. D 85 (2012) 032008

0.6,

3<n<5

LHCb
0.1 Vs=7Tev -

5 10 0 5 10
P, (charm + p) (GeV) P, (charm + p) (GeV)

Apparent pr dependence for ng/fu + fy.
Expressing the result as a best-fit linear function of pr:
[/ (fu+ £)] (pr) = ax [1 = b x pr],
a=0.404 + 0.017(stat) + 0.027(syst) =+ 0.105(BF)
b =0.031 4 0.004 + 0.003 GeV "
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bb FRAGMENTATION AND INCLUSIVE PRODUCTION PHYS.REV.LETT. 110 (2013) 15, 151803

RELATIVE PRODUCTION OF Bj* STATES
PHYS.REV.LETT. 110 (2013) 15, 151803

Analysis of excited B? statues in the BT K~ mass spectrum,

e Total ~1 million B in four decay g“"” OER
modesin1fo™'at/s=7Tev. 2 *F i ;
< 600 B, K 200 o ool
Three mass peaks identified as 3 kg ]
5 400 o e 0510 15 20 25 30 353
@ Bsi— B*tK~ E
® B, — B*"K~ _
e B,— BtK~ =
. . 80 100 7120 140 IGQ 180 200
where the v in B** — B*~ is not m(BK) - m(B) - m(K) [MeV/er]
observed.

Includes the first observation of Bf, — B** K.

Analysis includes several properties of the observed states, and the relative
production of By and B,
U(pp% Bs1 X)B(Bg — B*JFK*)
o(pp— BLX)B(B — BYK™)

=0.232+0.014 £ 0.013. sshg
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B HADRON PRODUCTION JHEP 04 (2012) 039

B* PRODUCTION CROSS-SECTION
JHEP 04 (2012) 039

Measured in the mode B* — Jjy K*

T T T
10 .
E rin — LHCb (2<y<4.5) §

@ ~9100 signal events in 35pb~"
/s = 7TeV data,

Total cross-section and do/dpr

- FONLL (2<y<4.5)]

T

do/dp_ (ub / (GeV/c))
-
1

3 T T T T ] E=7Tev
a1 Hueome b e :
- Signal [
S 200k packground 10° L L L
- F e B JITE ] 0 10 20 30 40
@ 150 ] p. (Gevic)
s \s=7Tev 3 ) .
2 100F 50<p. <55 Gevic Differential do/dpr compared to
: IERESURTUN T FONLL predictions (JHEP 03 (2001)
50F =8 G SR 006)
o b

C- s i N \ ]
5200 5250 5300 5350 5400 5450 _ 0
M(J/l]JKi) (MeV/cZ) o fB*} B+ == (401 i 13)A)
distribution for bin 5 < pr < 5.5 GeV/c Mass

o(pp— BT X) = 41.4 + 1.5(stat) + 3.1(syst) b for
0 < pr <40GeV/c,2 < y < 4.5. PR
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B HADRON PRODUCTION PHYS.REV.LETT. 109 (2012) 232001

BZ PRODUCTION CROSS-SECTION
PHYS.REV.LETT. 109 (2012) 232001

+ + ; _ -~ , ‘ ,
Bz — J/iym* production at /s = 7 TeV, € of o o
o 162 + 18 signal in 370pb~, HE S e

e Measurement range: pr > 4 GeV/c, 7
25<n<45 g
: ¥
_ o(BH)B(BE — Jprt) "G00 6300 6400 600
c/u— o(BY)B(BT — JipKT) M(JY1e) [MeV/c]
= (0.68 £ 0.10(stat) £ 0.03(syst) £ 0.05(lifetime))% ’gw N Lll—|cb AR
O] ~ o
. . 0 Background
Measurement includes the most precise =
+ 8
measurement of M(B;) 3
=]
&
M(B}) = 6273.7 + 1.3(stat) = 1.6(syst) MeV/c? © /o
M(B;) — M(B") = 994.6 + 1.3(stat) == 0.06(syst) MeV/ c? S0 S0 5o 5500

M(JPK*) [MeV/c?] §
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B HADRON PRODUCTION ~ LHCb-CONF-2012-031

A9 PRODUCTION CROSS-SECTION
LHCb-CONF-2012-031

A% — Jjp A production at /s = 7 TeV,

e Measurement range: pr > 13GeV/c, 3
22 < ,'7 < 45, g,‘,()}LchPreliminary
e 2010 data, 36 pb ™" g +
Analyzed in eight subsets divided by 2"
0 —-0 L
o Ab and Ab 0; ,L
e Magnet polarity, P 300 EEE S % mass (Mevich
e Whether the A decays in the VELO, One of eight subsamples
Cross-section of conjugates measured £ e
separately e
o(AQB(AY— Jfip A) = 419 £ 0.61(stat) £ 0.37(syst)nb  §
o(ANB(AY— Jpp A) = 2.63 + 0.48(stat) + 0.27(syst)nb ~ ° '

AYD) AR AR®) AN A1) K@) K(3) Ay
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SUMMARY

SUMMARY

LHCb has made precise measurements of forward production of heavy
flavored hadrons at /s = 7 TeV, including

e Production cross-sections of ground state b and ¢ hadrons.

e Inclusive bb cross-section and form factor ratios,

e Production asymmetries of charmed mesons.

Results of several of these measurements with the /s = 8 TeV data
collected in 2012 are in preparation.

LHCb has created an Early 2015 Measurements Task Force with the
goal of rapid publication of production measurements at /s = 13 TeV.

%
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