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What 1s B Physics?

Production of b-hadron

play ground of strong interactions
LHC results are becoming available

Decay of b-hadron

interplay between the weak and strong interactions
dominated by BABAR and Belle

Extraction of the CKM matrix elements

mainly limited by the strong interactions

Indirect search of new physics
loop effect
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What 1s B Physics?

Production Decays
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What 1s B Physics?

Production
in pp Interactions
parton density fragmentation and

function hadronisation

scattering
amplitudes

parton-1

parton-2 b-quark Bi
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What 1s B Physics?

experimentally measured
in ep, up and vp scatterings

Production

in pp Interactions
parton density

function
)
, B+
- b- BY
parton- 1 b-quark B o
parton-2 b-quark B,
A,
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What 1s B Physics?

experimentally measured
in e*te"—qq, qqg, ...

Production

in pp Interactions

fragmentation and
hadronisation

parton-1 b-quark B’
parton-2 b-quark Bcs;
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What 1s B Physics?

Production

in pp Interactions

parton-1

parton-2

scattering
amplitudes

theoretically calculated
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What 1s B Physics?

Production theoretically calculated
: : : Leading Order
1n pp 1nteractions qg—bb
gg—bb
I~ i< b
: J b
scattering 1

amplitudes

O O

i
g :r
g R

o ol
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What 1s B Physics?

Production theoretically calculated
. . . Leading Order
1n pp 1nteractions qq—bb
gg—Dbb
+ Next to LO
1.e. adding one g
scattering

amplitudes
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What 1s B Physics?

Production theoretically calculated
. . . Leading Order
1n pp mteractions qq—bb
gg—bb
+ Next to LO
: gluon splitting
scattering g

amplitudes

L

flavour excitation

g >
ik b
g b
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What 1s B Physics?

Production

in pp Interactions
important input for designing an experiment

parton-1

>
>

“
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ST SOS
i

<SS
S
>

0
66 both b and b are 1n the forward (backward) region
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What 1s B Physics?

Production

in pp Interactions
that 1s why LHCb 1s a forward spectrometer

M2
HCAL

SPD/PS
T3 RICH2

Vertex

--------------------------

-S5m -
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What 1s B Physics?

Production

In pp 1nteractions
For triggering.... p>p...
muon: 1dentification hadron: energy resolution

P <pmin

= 0n/E = V10%IVE
p > p min
central detector forward detector
]
,’4 P =Dy >p min
{ P=DPr> P *I
p >"< p p Pl p

forward: p, threshold can be set low: — high b etficiency
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What 1s B Physics?

Production

in pp Interactions
can exploit low p particles

SR S SR O, expected in pp collisions at
Vs =14 TeV: 500ub

5%10! bb pairs in 107 s with
L=102cm™2%s!

[\

pT of B-hadron
>
[

10

1 I RN RN BN R RN R
-2 0 2 4 6

eta of B-hadron
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

ATLAS JAp signal

Lo | =TT —TT T T T T 17T T 7T Trr T —TT L
,|->350: T T T T T T T T AR

8 300 « 7TeVdata: opposite sign ATLAS Preliminary
=, - — Total fit Ly =9.5nb" ]

() 2505_ ----- Background fit _f

2 22242628 3 32343638 4
J/y mass [GeV]
Clean uw*u™ mass distribution
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

ATLAS JAp signal
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

ATLAS JAp signal

Lo | =TT —TT T T T T 17T T 7T Trr T —TT L
,|->350: T T T T T T T T AR

8 300 « 7TeVdata: opposite sign ATLAS Preliminary
=, - — Total fit Ly =9.5nb" ]

() 2505_ ----- Background fit _f

2 22242628 3 32343638 4
J/y mass [GeV]
Clean uw*u™ mass distribution
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

ATLAS JAp signal
proper time distribution of J/a

combinatorial
prompt J/ap with detector background
resolution with

prompt tracks
and b tracks

JAp from b

0
negative proper time important for studying resolution
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

ATLAS JAp signal
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Clean utu™ mass distribution JAp with a long proper time

due to b-hadron decays
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What 1s B Physics?

ATLAS JAP 1ncluswe
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Production LHC experiments have started
, : , to measure the b cross section
in pp interactions at Vs = 7 TeV
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What 1s B Physics?

Production LHC experiments have started
to measure the b cross section

in pp interactions at Vs =7 TeV
ATLAS JAP 1ncluswe and from b-hadrons
= I 1 1 = 7T T7TT T T T T
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J/p polarization affects the reconstruction Fraction of JAp from the b-hadron.

efficiencies. Shape agree with a model but not
the absolute value.
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What 1s B Physics?

Production LHC experiments have started
, , : to measure the b cross section
1n pp 1nteractions at Vs =7 TeV
CMS inclusive J/Ap
g E (%{)] ICMS I;relimir:ary,\@[:?Tell, L=1;)0 nb‘I -
8 k1 > A = lyl<id
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p." (GeVrc)
In agreement with the ATLAS result.
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What 1s B Physics?

Production
in pp Interactions

LHC experiments have started

to measure the b cross section
at Vs =7 TeV

CMS JP prompt and from b

vvvvvvvvvvvvvvvvvvvvvvvvvv

—
TTTT T

CASCADE
—— PYTHIA :
—e— CMS data

TTTTIT =TT TTTIT TTTT

wl

do/dp_x BR (nb/GeV/c)
o

_ \s=7TeV
. L=100nb"
102 CMS Preliminary

.............................

_ LI L LN R Y LI FRLTEL I I S L N S L R | B
S102F B> JA) FONLL -
3 1 —— CASCADE ]
S [Pk —— PYTHIA 1
£ 10§ —— CMS data 3
c :
o | 1
*
1E =
gd_ E 1.4<IyJ/wI <2'45
g | :
S107F 3
F \s=7TeV
o2k L=100nb
CMS preliminary | :
0 5 10 15 20 25 30

In agreement with models. Contradiction to the ATLAS model calculation?
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What 1s B Physics?

Production LHC experiments have started

: , : to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

CMS already see Y'’s
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

CMS b with single u,

CMS Preliminary

— —— - ><103 CMS Preliminary
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What 1s B Physics?

Production

in pp Interactions

CMS b with

CMS simulation

\s=7TeV
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LHC experiments have started

to measure the b cross section
at Vs =7 TeV

b-jet tagging

Efficiency for a b-jet tagging algorithm
based on the secondary vertex in a jet
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What 1s B Physics?

LHC experiments have started
to measure the b cross section

Production
in pp Interactions

at Vs = 7 TeV

CMS b with single u, and b-jet tagging

CMS Preliminary
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agree with model calculations
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What 1s B Physics?

Production

LHC experiments have started
to measure the b cross section

in pp Interactions

at Vs = 7 TeV

LLHCDb b from B—DIX

Inclusive D:

, . ——
dominated by the prompt production o | LEich
~ SRR IR Preliminary
L1200 LHCb N,y = 12284+ 135 I J&= 7 TeV Data
% Preliminar m, = 1862.559 + 0.094 MeV] « 800 |
= 1000 y o.= 7.14 + 0.56 MeV e
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~ 800 f,= 0.40+0.16 £ 600 DfB 1
Zz e
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>
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What 1s B Physics?

In pp 1nteractions
LHCDb b from B—DIX

Production LHC experiments have started

to measure the b cross section
at Vs =7 TeV

Adding n with a right sign enhances D from B:
e.g. B—DY(—Kn*)uX [B—D—K*n)u X only through DCSD]

— ~ — ™
W d Tt Y K+
b / Y% ;) u < ,/‘<]dl >
£ » C £ » S £ >
_B~ DO_ - K- .
u < u < u < u
g x (0.222 y

2010 CTEQ MCnet Summer School, Lauterbad, Germany, 2.7-4.8.2010 T. Nakada 30



What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

LHCb b from B—DIX
Adding n with a right sign enhances D from B:

c.g. B ™—D(—K t")u X [B—D—K*n")u X only through DCSD]
with right sign muons with wrong sign muons

Lol
o

50

T L L L | | L . s ¢ i
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© Vs =7 TeV Data <% —~ i

o 35 o . |
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2 7))

< 25 !
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E 20 :>: " .

156 romnpt v N
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. l 10
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0 = AT I T . _"',&,‘hl A
" -4 -2 0 2 0 . .
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IP(D from B—D) > IP (prompt D)
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What 1s B Physics?

Production LHC experiments have started
to measure the b cross section

in pp Interactions at Vs = 7 TeV
LHCb b from B—DIX
50
® Theory | Nason, Dawson & Ellis
40 -
A Theory Il Nason, Frixione,
Mangano & Ridolfi
dg 30
d'l] 20 - Theory
(ub) uncertainty
10 4
2 3 4 5 6
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What 1s B Physics?

Production LHC experiments have started
, : , to measure the b cross section
1n pp 1nteractions at Vs =7 TeV

LHCDb oy, from different processes

D°p ——t 2<T] <6
LEP frag fractions Jhy I +——+
(77.4+4.0+11.4) ub  Average } +—o—+
D% ————+
Tevatron frag fractions  Jy } bt
(88.3+4.5+13.0) ub  Average I —o—t
Theory MCFM @
NFMR 1
0 20 40 60 80 100 120

o(Hy/2) (ub)

G, in 47 = 292 + 15 + 43 ub (with LEP B /B /B /A,)
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What 1s B Physics?

Production
In pp 1nteractions

ATLAS, CMS and LHCDb already producing results
on b production 1n pp interactions at Vs =7 TeV

By the autumn this year, 100 times or even more
data expected:

* finer binning for d*c/dpdy
» d’o/dp.dy for Y
e polarization for JAp and Y
will lead to a detailed comparison with theory
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What 1s B Physics?

Decays

decay and oscillation amplitudes

lowest order weak interactions
b = > C
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What 1s B Physics?

Decays

decay and oscillation amplitudes

lowest order weak interactions

(€ 0)y-n ;C)yu
No QCD tree diagram
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What 1s B Physics?

decay and oscillation amplitudes
lowest order Weak Interactions

b b——= »C C
W+ \\V A \\\ % 6 C
< S S
Switching on QCD N
b B

W+‘ =

e S
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What 1s B Physics?

Decays

decay and oscillation amplitudes

lowest order weak interactions

(€ 0)y-n (;C)yn
No QCD tree diagram

+ one gluon
tree diagrams with two
different colour structures

(C_’] b))y (3;C j)V—A

2010 CTEQ MCnet Summer School, Lauterbad, Germany, 2.7-4.8.2010 T. Nakada



What 1s B Physics?

decay and oscillation amplitudes
lowest order Weak Interactions

b x »C C b—} S
W+\\‘\/A< \\\%66 , C,
S S

Switching on QCD R
- N
:[E ‘% b—» -—— S

‘L< ©

C

< \k gluon penguins

W &
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What 1s B Physics?

Decays

decay and oscillation amplitudes

lowest order weak interactions

(504 (C;C))y

+ gluon penguins with two
different colour structure

gluon =V a 3
(564 (€ C))y

2010 CTEQ MCnet Summer School, Lauterbad, Germany, 2.7-4.8.2010 T. Nakada



What 1s B Physics?

decay and oscillation amplitudes

lowest order weak interactions

(5:0)v-u (T;C)yp

+ gluon penguins with two  (5; D)y (C; €y
different colour structure
gluon=V _ _
= split to (V-A4) + (V+4) 50)v-a (€;¢))y-y

(50 -4 (C;C))yin
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What 1s B Physics?

decay and oscillation amplitudes

lowest order weak interactions

(€ 0)y-n (;C)yn
No QCD tree diagram

+ one gluon
tree diagrams with two _ 3
different colour structures (5;0;)y-4 (C i€ j)V—A

(E] b))y (3;C j)V—A

+ gluon penguins with two  (5; D)y (C; €y
different colour structure
gluon=V _ _
= split to (V-A4) + (V+4) 50)v-a (€;¢))y-y

(50 -4 (C;C))yin
2010 CTEQ MCnet Summer School, Lauterbad, Germany, 2.7-4.8.2010
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What 1s B Physics?

decay and oscillation amplitudes

Decays

then proceed to the second order electroweak interactions

electroweak penguins

W-
b—~---- S b—~<—----- S
u,c,t g,V 8AA \‘ |4
C C
u,c,t
b——= >— S b——= ——
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What 1s B Physics?

decay and oscillation amplitudes

Decays

then proceed to the second order electroweak interactions

electroweak penguins

W-
b—~---- S b—~<—----- S
u,c,t g,V 8AA \‘ |4
C C
u,c,t
b——= >— S b——= ——

2010 CTEQ MCnet Summer School, Lauterbad, Germany, 2.7-4.8.2010
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What 1s B Physics?

Decays

decay and oscillation amplitudes
Theoretical tool to describe the decay amplitude for M—F

AM — F) = <F [ Weak decay M> = %Z&éKMCi(MXF 0;(u)M )

effective

Gg: Fermi constant,
Q4 w): Local four-fermion operators evaluated at energy scale w
calculable in perturbation
C(w): Coupling constants for Q,(u) at energy scale u
i.e. Wilson coefficient, calculable in perturbation
<FIQ.(w)IM>: Hadronic matrix element
long distance effect
ECKM: Combination of the CKM elements
the ultimate interest for B physics
extraction of the CKM matrix, search for new physics
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What 1s B Physics?

Decays

decay and oscillation amplitudes
Theoretical tool to describe the decay amplitude for M—F

A(M — F) = <F H YAk decay g > = %Z%KMQ(MXF 0;(u)M )

effective
- Comparing the full and effective theory at u = my,
— C(u= my)

- Scale C; down to u = 1 GeV (K), m_ (D), m, (B)

Ci(u) =Uyi(u, p=my)C;(u=my)
U;; not diagonal = mixing of the operators in the evolution

- Evaluate <F1Q.(n)IM> (hadronic matrix element)
with non perturbative methods at u
lattice, HQET, QCD sum rule, etc. major source of uncertainties
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