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e Beauty production cross section in Vs = 7 TeV pp collisions
can be compared to QCD predictions

— also needed to estimate sensitivity to New Physics in B decays

* Will present two measurements of o(pp—>bbX)
— using b—>D°Xuv and using b—J /X

* Ratio of fragmentation fractions f, /f, needed for precise
measurement of B_branching fractions, e.g. B.—uu

* Long-standing disagreement in fragmentation fractions
fp/(f,+fy) measured at LEP and at TeVatron

* Will present measurements of £, /f, and f, /(f +f;) using

semileptonic modes, and of f, /f, using hadronic modes
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% The LHCb Experiment Uple

VELO: | I RICH:
primaryvertex | | PID: primarily K,tseparation 1 £
impactparameter [/ g 4
displaced vertex y

Calorimeters:

Tracking Station: p for Tracking Stations:

PID: h,e,y, °
lower energy tracks and long || p of charged particles
lived Ve reconstruction that traverse the magnet 3




UNIVERSIDADE

DE SANTIAGO
DE COMPOSTELA

Vertex DO(—Km) with right-sign 1, cut on Impact Parameter (IP) of u then
distinguish prompt D° and D° from B using IP of D° Dfromb , Fs

Two independent samples used: 3nb! taken g %y
. . . . . P < 9\
with unbiased trigger, and 12nb! requiring ———=

single muon trigger
IP D? (NO p requirement) IP of D° (U required)
L L L L 50 T T T T T T T T T T T T T T T T T
| LHCb |
1000 ~3 nb'l B E“' 40 LHCb f' \ ~12 nb-l
_ S D from b 1Y
~— 800 =
= Fake D 8% '
[ ake 1 € Prompt D "
S 000 jPromptD subtracted 4 20 P : Fake D
— ¥
w 400+ el L Al
D from b 10 :
200 o
,,,,, L
o Eos b e
0 ; e . — T Vil -6 -4 -2 0 2
-6 -4 2 0 2 In(IP/mm)

In(IPIn:nm) 4



%b Cross Section using b—)DOXuvU SC

# of detected D°x— and D1+ events

Use: HpyX) =
o(pp = Hp#) 2L x efficiency x B(b — DYXu—v)B(D? — K—7+)

50 -
@ Theory I Nason, Dawson & Ellis (MCFM)
40 -
I \ Theory Il Nason, Frixione, Dominant systematics
Mangano & Ridolfi (FONLL)
éjg 30 } Source Size
( E) 20.- Tracking efficiency 10%
1)
theory Luminosity 10%
10 error
Branching/frag. fractions | 8%
—_1

2 3 4

5 6
For 2 <n <6 (measured): O(pp—bbX)=(75.3+5.4+13.0) ub
(stat) (syst)

Extrapolate to 4 (using Pythia): (j(pp—)bBX) = (284 £+ 20 +49) ub

Using TeVat-ron (mst.ead of LEI.D) G(pp—)bBX) - (338 + 24 + 58) ub
fragmentation fractions gives:
(increase of 19%)

Published in Phys. Lett. B 694, 209 (2010) >
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LHCb |, 25<y<30 Reconstruct J/Y—pp, using both single
| <Pr<46Viel muon and dimuon triggers

10°

Fit to pseudo-proper time,

I t,=(z,,, —zpy)xM,,, / p. inbinsof prand y

Dominant systematics:

e’

1 Source Size 5.2pb1
. iy Tracking efficiency 8% used
-5 0 5
r_[ps] ) Luminosity 10%
}j ; 7 —e— LHCh. J/y from h (2.0 <y < 4.5) § B_R_(b_)_]/,_p)() 9%
R e FONLL (2.0 <y <4.5) i
:C; 10 § o Cacciarn., Nason. Frixione, _§
— H . Mangano. Ridolfi B
5.0 | | o(pp—bBX) = (288 + 4 + 48) ub
g m_ _ (with LEP fragmentation fractions, 2% change when
- 1 using TeVatron fractions is included in syst. error)
13 E )
F =TTV 21 Submitted to Eur. Phys. J C
o SRS LD Preprint: hep-ex/1103.0423 6

‘ p [GeVic] (also prompt J/ cross section)



Fragmentation Fractions using SC
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Semileptonic Decays ERei
Can measure f//(f +f;) and f, /(f +fy) using D°Xuv, D*Xuv, DXuv, A Xuv

Similar strategy to x-sec measurement, but must correct for cross-feeds
from such decays as B.—D,; ,(—D°K)Xuv, B%*—D KXuv, and A,—D°pXuv

Use I (B*) = I (B?) =T (B,) (known to hold within 1% from e.g. HQET)
and I, (A,) /T (B% =1.04 £ 0.02

[ 2]
=

Preliminary

\s =7 TeV Data

Events /(0.3 )
8

(7]
[=]

Events / (0.3)

N
(=}

10

DN gl - i
5 -4 -2 0 2 6 -4 2
In(IP/mm)

b—>D Xuv b—>A Xuv



Evidence for resonance seen whilst
checking b—D°KXuv mass spectrum

Confirmed in larger data sample, with
significance of =8c

—0
B, —» DS Xum >
BB, = Do Xi?) 6140144005 &
B(B — DX T) e
B(B, » D4 X g
(B, > DaXi?) (544104 05)% £
B(BS — Xp~7)
—0
B(B DSy Xu v
By 2 Da Xp V) _ 334 1.0+04)%
B(B, - Xu7)
Also: measured mass and width of Dj;
confirmed D@ observation of D,; mode

Published in Phys. Lett. B 698, 14 (2011)

First observation of B. > D Xu v

UpNI®
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25

20

15

(a)

LHCb

\'s =7 TeV Data -
e RS DOK* 3pb'1

e WS Kaon: DK~

LHCb .

Js=7TeVData 1
D,,(2536)*—>D"  20pb!
K* missing y/n°

(2573)+—)D°K_

7

2300

2400
m(K *K*)-m(K"n*)+m(D°)

2500 2600 2700 2800
pog (MeV)



8]SC

Semileptonic f/(f, + f;) Result ™ s
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f./(f,+f,) =0.130 £ 0.004 (stat)i 8:8%%(syst)

cf. LEP: 0.128 + 0.012 (HFAG), and TeVatron: 0.135 + 0.016 (CDF semilep.)

ozsf- f'de inn [2,3] g 0-25; f —

0.2 - 02 ﬁ in 1 [3,5] -
015 | =% 015 _'_ﬁ = used
oaf- | 1 o E
o.osf— - 0.053— -

Du:'llzllllclt"lé"‘é"'1|0"'1|2"';4 Uu_"'lz'"alt'"Els"'eli"‘1lo"'1|2"'i4

[ (Charm + u) [GeV] P, (Charm + ) [GeV]

Dominant systematics No evidence for dependence
Source Size of f./(f, + f,) on either n or p;
Branching fractions of charm hadrons | +5.5%

Good agreement with LEP

Subtraction of B,—~>D°KXuv bk +4.1%
ubtraction of B, HV bKg . W° and TeVatron values 9
i (6]




8]SC

Semileptonic f, /(f, + f) Result ™ fxtm
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T LHCb Slope with p; not consistent with zero.

0.5 f”‘; inn [2,3] . - . . . . . .
W Preliminary {1 Parameterising with straight line gives:

0.4f \'s =7 TeV Data -

| f,/(f,#f,) = (0.401+0.019 + 0.106) -
: { (0.0120 £ 0.0025 £ 0.0012)*p,/GeV,

0.2}~ 3 b_1 —

i { for p;< 14 GeV

" E'. S S S ] 0'45 | | 1 26% uncertainty
: 3 on BR(A_.—pKn)

05— LHCb 13 osb 4‘5-{"—_]:_ = on ¢

T Znass Preliminary] & [ T } | completely

0, (S=7TeVData 1 °% N 1 dominates the
: ] N3 —I—LHCbPreI ||||| ry 12,31 E SyStematiCS

0.3: ] ' E —|— CDF [PRD 77,072003 (2008)] é

0.2 — I - o Sf (Charm+p) [GeV] %

o1 1 ¢f. LEP: 0.112 # 0.031 (< p,>=40 GeV),
TR opF:0.281 +0.0127 9129 (< pr>=14 GeV)

-0.103
10
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Decays B,—D K* and B.—>D. " involve only tree level diagrams, hence
ratio of branching fractions is theoretically calculable

G%(m? " .
BR(B? — D} P™) = (s, = mb, )" @Tqu\V Viol? | f [ a1 (D, P)|*
1 4 167rmB

form factor deviation from

| T € N .
ﬂ = 13. =t @ D-m DK-‘ factorisation
s B, epk Np, s
g ) | EREIS

Phys. Rev. D 82, 034038 (2010)

4y 12 W e
ai D_ S
@5 ( 5 ) = 1.00 £+ 0.02 b b < ¢
o (D-K7) R aval
_ || £ g T~ ‘ = = %@9/ ‘
BSH% % Byl 8 § §a% | DT
m VI Vg dgsg 3 \
— w | —1.92440.08 L8 \ P
5 S d d

Similar situation for B;—D n* and B.—>D. ©*, but with exchange diagram

fi

/ Dsﬁ %D] @: 0.966 + 0.075
s €Dgm D

Phys. Rev. D 83, 014017 (2011) 11
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%fs/fd using Hadronic DecaysU SC

Multivariate selection designed to minimise efficiency differences
between modes. Effect of PID cuts evaluated using D* control samples.

--------------- ] 140 T T T T T T T T T T T T T T T

— 600 _ - {i ~ —
b NDn LHCb Preliminary v, 100 LHCb Preliminary <] % 120 NDsn = LHCb Preliminary
= 500 Vs =7Tev S = 1 > =
g 4103 + 75 M 80 252 4 21 ) Vs 71'av7' E ® 100 670 4 34 Vs mvl
= L,,~35 pb ] = Liw=35 pb
© 400 © ]
= Z 60 Bk J = %
S 300 = B, > Dn = =By 1 5
= .-w- Boo Dn L & e B,— DK i1 € 60
g — Cu i i c 40 1 W e B,— Drn 1 o
200 ombinatorial o 40 d >
L —m- By Dp |.|>J —=— Combinatorial ] W 40
100f-.......--! 0, J vl T 20 A
b e A —— [ Ah% """
. A 0 N e
5000 “5200 5400 Ma ggD(OMewCz) 580! 5000 5200 5400 5600 580 5000 5200 5400 5600 5800

Mass (MeV/c?) Mass (MeV/c2)

From B.—D, " and B,—~>DK™: fs/fd =0.250 £ 0.024 £ 0.018 £ 0.017
(stat) (syst) (theory)

From B—D, 1+ and B,—»D-n": f./f,=0.256 + 0.014 + 0.018 + 0.026
Combine, accounting for £ /¢ - 0.253 +0.017 + 0.018 + 0.020

correlated uncertainties: °
, , , LHCb-CONF-2011-013 35pb*
Agrees well with semileptonic result used

Also: extract World’s best BR(B,—>DK*) (see talk of M. Whitehead) 12




% Conclusions SC

LHCb has measured the b cross section in Vs = 7 TeV pp collisions:

o(pp— bbX) = (284 + 20 + 49) ub (LEP fractions) (b—D°Xuv,
o(pp— OSX) = (338 + 24 + 58) ub (Tevatron fractions)}15nb‘1)
o(pp—>bbX) = (288 + 4 + 48) ub  (b—>J/WX, 5.2pb™Y)

In agreement with (and more precise than) QCD predictions

LHCb has measured the ratios of fragmentation fractions:
f/f,=0.272 £ 0.008 + 0.024 (semileptonic, 3pb™)

f,\b/(fu+fd) =(0.401 £ 0.019 £ 0.106) — (0.0120 + 0.0025 +

0.0012)*p,/GeV, for p;< 14 GeV (semileptonic, 3pb™)
f/f,=0.253 £ 0.017 £ 0.018 £ 0.020 (hadronic, 35pb™)

f/f, in good agreement with LEP and TeVatron; p; dependence of
fa/(f,+f4) may reconcile different measurements

Also: first observation of B, — D Xxu v, and World’s best BR(B,—D"K*) | 13
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Backup

14
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doesn't occur

b’s are produced at low angles,

Nice overlap of acceptance

and in the same hemisphere with GPDs

15
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% Systematics for b—)DOXuvU

Table 2: Systematic uncertainties.

Source Error (%) | Source Error (%)
Luminosity 10.0 Prompt & Dib shapes 1.4
Tracking efficiency 10.0 B(D°— K—xt) 1.3
Bb— D°Xpu~7) h.1 D%~ vertex 2 cut 1.2
Assumed branching fractions 4.4 Kaon identification 1.2
LEP fragmentation fractions 4.2 Muon fakes 1.0
Generated b pr distribution 3.0 D" mass cut 1.0
Muon 1dentification 2.5 DO vertex y? cut 0.6
\Gp cut 2.5 DY flight distance cut 0.4
MC statistics 1.5 Pion identification 0.3
Total 17.3%

16



%Combination for b—)DOXuvU SC
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Unbiased trigger,
3nb?

Single muon trigger,
12nbt

Combination

17



% Muon lIdentification U

SC
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ST T . 0.06( ! . . ]
d:.) 1.1;_ e  Data J/¥ detached _; % + Data K E
£1.05;— O  MC J/¥ detached _; ::_’ 0.051 + MC Kss .
b - - — - -
w4 . 3 Ll o . -
Ep 08,3 8 8 s ; 004« 7 misID = (0.71+0.05)%
0.95:— E 003k from K (also A) -
0.9t Eff =(97.1#1.3)% from E AN :
0.85F  J/ tag & probe E 0.0207 ¥ E
0.8 E 0.01F Yoy . —:
0.75F E : ’ i
078+—— Lo L 1w 13X o 10000 20606 ébodd '46600 50000
"0 20 40 60 80 100

Momentum (MeV/c)
Momentum (MeV/c)

Most misID is due to 1>
decays in flight

18



Systematics for b—J/YX

Table 1: Summary of systematic uncertainties.

Source Systematic uncertainty (%)

Correlated between bins

Inter-bin cross-feed 0.5

Mass fits 1.0
Radiative tail 1.0
Muon identification 1.1
Tracking efficiency 8.0
Track 7 1.0
Vertexing 0.8

GEC 2.0
By —ptu) 1.0
Luminosity 10.0

Uncorrelated between bins

Bin size 0.1to 15.0
Trigger 1.7t0 4.5

Applied only to J/w from b cross-sections, correlated between bins
GEC efficiency on B events 2.0
t. fits 3.6

Applied only to the extrapolation of the bb cross-section
b hadronisation fractions 2.0
B(b— JyX) 9.0

SC
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% b—J/YX dependence on SC

T f en S = 900 T
> b J 1y from b, \s=7 TeV LHCb & 2 - Jy from b, \s=7 Tev ~ LHCb 7
CR I = - 800 E
T TRt i - ]
g Sy —_ Y —Y— - ] *-?_ - 700 - =
— Co Hi**iﬁﬁ 1 2| C 7
Z = ——t———}— © 600 =
gl "E RS e oS E 5005 + :
o T 4 20<y<25 I —+ . A00E =
T m25<y<30 U S S = 7 c =
1=— ® 3.0<y<35 ' J‘}F_ _T+__ — 300:_ + 3
v 35<y<40 e 3 "N E E
L 0 40<y<45 ! *f* N HOOE =
i : 100 -
107! —— - =
0 5 10 15 0 Lo b e b by
7 ] 3 / A5
P, [GeVic] . 2 . 33 + f’

20
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Efficiencies for prompt J/¢ and for J/Y from b assumed equal
(no cuts on impact parameter or decay length)

21



f./f, for B—uu SC
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10°

~
BN

------------ 50 NP discovery (bound)

_>S\ - 56 NP discovery (N, € [1.2,1.4])
=12 \* — — ,
S e\t e ACELUB-2009-029 (oo statistics) e Reach with off,/f,) = 13%
NS ) (current PDG)
EQ:& B
Q 8:_
6 «——— Reach with o(f/f;) = 7%

New method (< statistics)

SM (our ambition!)

] | ] | ] | ] | | | | | | ] | | | ] | | |
00 2 4 8 10

p
Luminosity [ fb™]

Phys. Rev. D 82, 034038 (2010) 22
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% Semileptonics: b—DXuv SC

4000 T L “~6000| T
™ o~
2 LHCb o LHCb
3500 Preliminary >s000.  Preliminary
E 3000 \s = 7 TeV Data \s =7 TeV Data
T <
~—4
:%2500 = 000
2
2000t D fromb £ 3000 3pb-1
>
1500 w
2000
1000 Prompt D
1000
500
0 o L
-6 -4 -2 0 2 1800 1850 1900
In(IP/mm) m(K'*) (MeV/c?)
o T L L B S%F THch . '
o . . S . s
Sasoof  Preliminary WS 3so00f | reliminary WS
» \Js =7 TeV Data = \s =7 TeV Data
£ 3000
o —4000
> 2500 ~
w —
2000 <3000
>
11}
1500 2000
1000
1000
500
s -4 2 0 5 1800 1850 1900 \
In(IP/mm) m(K ) (MeV/c®)
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% Semileptonics: b—>D*Xuv

DE COMPOSTELA
~2000p=—r—y—r—y—r -
? e0of. LHCb C i RS 22008 | HCb '
e Preliminary 4 >2000E Preliminary
— 1600 - = 2 4800 —
P \s =7 TeV Data R = Vs =7 TeV Data
= 1400 . ) < 1600 (b)
’
>1200 (a) L% <1400
r
1000k D fromb g g \ %1200
-1 - 1000
' 11
800 Prompt . l A 600
k! 400
. s 200
| i 0
-6 -4 -2 0 2 1800 1850 1900
In(IP/mm) m(Knr) (MeV/c?)
o 1400 THCb ) ) 2200 LHCb ) '
—1200f  Preliminary WS >2000E  Preliminary WS
a \'s =7 TeV Data = 1800 s =7TeV Data
= 1000 (C) < 1600 (d)

-6 -4 -2 0 2
In(IP/mm)

1800

1850 1900

m(Knn) (MeVic?)
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700

- % 600 Vs = 7TeV1Data
S S sof. JPD
2 _:E 400 A _re-
::j A, re- § ﬂ;ction
200 O 300

flection
200

m(K K z") (MeV)

LHCb _ 0
_ Vs = 7 TeV Data > 600F Vs=7TeV Data
) =
S < 500
— —
" "
= = 400
o o
I.I>J I.I>.I 300

200
100

-6 -4 -2 0 2 0 1900 - 1950 - 2000 - -2050
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- ' ' < B THCD | ' e
; 50 Al L A
e Preliminary > 800g= Preliminary - RS
:é 40 \s =7 TeV Data E 700 \'s =7 TeV Data
§ — 600 (b)
w 30 qg 500 3 b_l L ]
2 400 p
20 w
10
0
-6 -4 2 2 2250 2300 2350
In(IP/mm) m(pK ") (MeV/c?)
> THCb ' — < 9B CHCb | T '
S 500 Preliminary WS > 800F Preliminary wW
o Vs =7 TeV Data = 700f= Vs =7TeVData
£ 400 <
g (c) — 600 (d)
W 300 ‘E 500
$ 400
200 w 300
100 200
100
-6 4 2 0 2 2250 2300 2350

In(IP/mm) m(pK7*) (MeV/c?)
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Semileptonics: b—D pXuv ™ ks
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e RS D%
12H B O WS D% LHCb
Preliminary

\'s =7 TeV Data

Events/20 MeV
S

3pbt

\ S

3000 3500 400 - 4500
M(D°p)-M(D")+m(D°)__ _(MeV)

Possible contributions from A_(2880)* and
NA.(2940)*, both of which can decay into D%

27
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Semileptonics: Efficiencies ™ s

DE COMPOSTELA

02 T T T T T T
B [ VLN DL LN BRI LRSI LR B AL L B L L L B L L L LB N LN L
n.15:— n[2:3) _: n.z:— n[3.4) 3 nm:— n [4,5) _:
[ o ] F - E :?ﬂ E
B --g: —t— .15 :.; -—|—-'_{_'—]—— 00— -—g‘ -
L18 | L] " — | D P — ] i - ] .
E '_:_: n.1f— —_— —— j I—: nm:—  — _ -
ansl- e - e 0oz :—_._' — ——-—lw——:
B — ] % @ —— ] N _ ' i
“I-.:I |_“'_| | .|...|...|..._- n'--" | L I L -'---'---_- “:_ _:
0 2 4 6 pﬁf:harrn?u}[-ne'.gjq o 2 4 6 8 p1ﬁ'|:'-l'ﬂ.l'm13u}|_&'|f1]4 -nn::n_' . ; ; o :5. . .; o '1'0' . .1|2. . .;‘
P, (Cham +u) [GeY]
Efficiency breakdown for Du
L L L I L L L
oeb- . — < Track acceptance and reconstruction
£ n€ls,49) 7
0.5 . —
0.4l = Muon selection & trigger
0.3f- ———_ =P K and T p; cuts
02 —— —— 3 < PID cuts
01F- —_—— 3
0__'_| T | | A
0 2 4 6 8 10 12 14 28

Pt{D’uw) (GeV)



%Semlleptomcs Cross- checkU

1 | Lo _NB. D Xuv)
EAnann —{  fu N@B,,—>DXuv)

L —03732£0.006(stat) £0.007(eff) £0.014

3:4"= = A =0.375+0.023
_ _ ﬂ) pred

29



Systematics for SC
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Semileptonic f/(f, + f;) Hote

Bin by bin efficiency correction

Charm hadron branching fractions 5.5

Bs—DKuvX +4.1 -1.1
MC modeling 3.0
B—DsKuvX 2.0
Background Modeling 2.0
Tracking efficiency 2.0
Lifetime ratio 1.8
PID efficiency .4
Trigger Efficiency |.4
Total +8.9 -7.8

30
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BRB, > DL ) = nrp, [Ve|* f3la1 (Dy P) Xp
dF(BO — DG+~ Vg)/dq ‘qu

_T??P

Xp = 1 within <1%

Can use B Factory results to obtain: (X is exactly 1)

E ; — 4 |2
— B-D'rm — 2 N, = a) (D7)
- Cll(D_K+)
— + - —® —
~ B> DK A . - .
E , No evidence for deviation of ratio
. wL I—l_.—i_|
- B-oDm ' of any |a,|’s from 1.
I— * . @
-~ B->D'K i Use of LHCb measurements can
~ ® Babar improve value for B;—»D K"
- 4 Belle
I T S S S S S N | | | | I | |
0.2 04 06 08 1 12 14
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Exchange diagram in B,—>D " ™ pite

DE SANTIAGO
DE COMPOSTELA

0 e
BR(Bg = D™ A7) _ 2264 (344 0.20)% | Babar, PRL 96

Can be constrained using I e
BR(B} — D*tr~) 011803 (2006)

Ratio of tree amplitudes is

T (%) Vs | fr FB_*’D(*}(_?H?;{)
T fact Vud| Ix FB_}D{*)(I??"Er)
Hence extract
T*
— (0.983 £+ 0.028
' T + E*

Phys. Rev. D 83, 014017 (2011)

Use this to estimate _
— 10 allow for differences

2 *
T — 0.966 + 0056 between D and D* cases

I'+ E
= 0.966 = 0.075

NEE
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DE COMPOSTELA

%Systematics for Hadronic fd/fsU

m T T I T T 1 T 1 T T T T I T T T I

R T getre- - . . -

T e g LHCb Preliminary ] TABLE 1. Systematic  uncertainties for  the

50_8—_ '.".'-.-_._ D_D(Kan B (BO — D KT ) and fs/fq measurements.

o [ ] . ; ]

= 0.6]- g N PID calibration  1.5%

D § o ] Fit model 3%

2 0.4l - ] Trigger simulation 2%

E | - B(B® — D-r+) 4.9%

2o0.2f- * B(Df — KKr) 5%

[T .

T ' T ] B(D* — Kr) 2%
OTaTE 0 000, 0,0,0,8.8,0 8.0 09" |\

20 40 60 80 100 TB./TBa 1.5%
Track Momentum (MeV/c)

Efficiency and misID of tight Kaon
ID cut used to select B,—D K"
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