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Disclaimer

* Approach to this talk illustrative not
encyclopedic

* Some topics excluded altogether:
JOnia
JCharm mixing and several CPV channels

1Open charm production

JExclusive hadronic decays

* Much more information 1n parallel section
talkand plenary talks by Stone and Jawahery
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rologue: a little bit of history

In 1900, Lord Kelvin famously stated, "There

1s nothing new to be discovered 1n physics
now. All that remains 1s more and more precise
measurement.”

Five years later, Albert Einstein

published his paper on special relativity,
which challenged the very simple set of
rules laid down by Newtonian mechanics
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A parable for flavor physics? The

CKM saga
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But consistency not so clear

Lunghi-Soni arXiv:1104.2117v3 [hep-ph]
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A tribute to the e"e” b-factories
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And the Tevatron

Collider Run |l Integrated Luminosity
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Starting a new era: the dawn of LHC

Atlas and CMS are general purposed detectors, b-physics capabilities based on vertexing
and good lepton ID.

Important new addition: LHCD first dedicated detector to pursue search for new physics in
beauty and charm decays. Important LHCb features:

v’ particle detection in the forward region (down to beam-pipe)

v’ special particle identification capability in particular for hadrons due to RICH detector
v’ precise vertexing

R— F— CMS e F—
== _ =
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Luminosity / 1e30 cm-2s-1

LHC operation, a snapshot

Running conditions
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The pillars: from quarks to hadrons

QCD at work:
1b-hadron production
JHadronic decays
Exotic final states

&/12/11 Marina Artuso DPF 2011



LHCHh measurements of the b-hadron cross

section

11

LHCb measures b-hadron cross section in good agreement with

state of the art perturbative QCD calculations (FONNL).
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Complementary measurements from ‘2
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b-hadron production fractions

* b-fractions measured from charm-u final states:
O B%+B* mostly D°uv+D*uv
d B, mostly D ,uv
d A, mostly A_uv

* taking into account all the possible cross-feeds:
0 D%*Kuv (B°,B*,B,)
Q0 DK (B%,B", B)
L D°%(n) (B®,B", Ay)
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£ I(f, + £,)=0.134+£0.004 %"

0.3 ———— )
: Systematic error breakdown
0.25F
55 LHCb Source Error (%)
02 \s=7TeVData Bin dependent errors 1.0
0 155_ —*— Charm hadron branching fractions 5.5
T F I_ B, semileptonic decay modeling 3.0
0.1 _T Backgrounds 2.0
Tracking efficiency 2.0
0'055_ Lifetime ratio 1.8
ot 1 L ] PID efficiency 1.5
p,(Charm+1)[GeV] By — DK+ Xy v g,
0.3: — T T ] (B_FO) - D:-I\'X'u—v 2.0
0.25F- . 3 Total i
. LHCb S_j :
0.2 \s=7TeV Data fu+fy nm [3,5] -
5 1 LEP:0.128+0012 HEAG
015t gt Tevatron: 0156+ 0.026 (TAQ)
0.1 -
0.05f- 1 fJ/(f,1f,) doesn’t depend on 1 or p;
GO M M M M ; M M M M 1 M M M (charm+u)

10
P, (Charm + ) [GeV]

7/21/2011 14 Marina Artuso EPS 2011



LHCD determination of /[,

arXiv:1106.4435.
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Venturing into exotica: studies of the "
X(3872)
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Discovered by Belle in 2003,
confirmed by CDF. D0, BaBar,
started “gold rush” of exotic QCD
states.

1ts nature still uncertain, 2 possible
QN 2" or 17,

L CMS measures ratio of inclusive X
(3872) to y(2S) production in J/ynr
channel

ULHCD studied mass (2010 sample)
[LHCb-CONF-2011-021]

Mx(3sr2) = 3871.96 + 0.46 + 0.10 MeV/c? .

Next use B—X(3872)K to find
quantum numbers
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Looking deeper:
the search for new

QFlavor changing neutral currents
dSearch for new physics in B, mixing
dSearch for new physics in B, mixing
L CP Violation in charm decays
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B,—uu and B,—uu

Sl

OlInteresting decays

QHighly suppressed in the Standard Model

WThey can be enhanced in models with warped extra-
dimension or SUSY at large tanf3

=

M. Neubert EPS 2011

- 50 LHCb

Recent report from CDF
B(Bs = ptp™) = (1.8555) - 107°
B(Bs — ptp~) <6.0-107°

CDF result (+x10)

w
o
™~

B(Bs—»p'p) [107]

n
o

e

B(Bg—pum) [1077]

SM: (3.240.2)-107°

SM: (1.040.1)-10""°

A.J. Buras, arXiv:1012.1447
More recent results from LHCb and CMS | E. Gamitz et al., Phys. Rev. D 80(2009) 014503
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LHCb search for B,—uu

Analysis strategy:
Muon-based trigger
UBlind signal region (M(B,)-60 MeV to M(B,)
+60 MeV)
LBoosted decision tree using 9 input variables
dCalibration channel By, —h*h-

—_ = F
o = =
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B, Stgna[ regwn
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BDT<1/4 1/4<BDT<1/2 »<BDT<3/4 ¥<BDT<1
# expected bkgrd 2968+69 25.0+£2.5 2.99+0.89 0.66+0.40
# expected signal 1.26+0.13 0.61+0.06 0.67+0.07 0.72+0.07
Sum expected 2969+69 25.6+£2.5 3.66+0.89 1.384+0.41
Observed 2872 26 3 2
BR(B;, — u'17)<1.3x107°(1.6x10~*)@90(95)% CL
BR(B, — 1" )<42x107(52x107)@90(95)% CL
Combined with 2010

BR(B, = 1'i7)<1.2x107(1.5x10°)@90(95)%CL  4ata
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Primary vertex
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My, = 3.357 GeV
BDT=0.90

Decay length = 11.5 mm
Tracks shown for py > 0.5 GeV
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CMS search for B, ,—~uu

a £=1.14 tb’!

O Cut based analysis,
optimized on MC and
data sidebands prior to
unblinding

L Two geometrical regions:

“barrel” [both w|n| <1.4]
and “end cap” [at least 1

unl>1.4]

U Efficiency of variables
potentially sensitive to
pile-up checked on data:
excellent stability
observed
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CM82011 114fb Prehmmary CMS 2011 114fb Prellmmary

™ |w1‘

s | Vs=7TeV | o | s=7TeV -
G o g 4 @ 2+ g
& i 777 =0 . 1 UN’ I T2 o0 . )
S 7 Bg signal window S . 7/ Bg signal window
2 . B°signal window 2 . B’signal window
2151 1 g15F .
§ I ] g I
2 Barrel 2 Endcap
5 |
S 1+ 1 6 1 n — .
0.5 . 0.5 N
NI N\ (| 72 | R 1. o
5 52 54 56 58 5 52 54 56 58
my,, [GeV] m,, [GeV]

Events observed in the unblinded windows
consistent with background plus SM expectations.
B,—n ' <1.9x1073 (95% CL)
B,—nu<4.6x107°(95% CL)
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LHC [imit for B,—uu

d preliminary CMS-LHCb combination on BR(B,— ) using

the CLs approach
g ! CMS +LHCb
N preliminary ]
08 |- —
B == Observed . . -8
: W bpected t16 ] BR(B, — p 7)< 1.1x107°(95%CL)
0.6 - (background + SM) — L i
; 1 BR(B,— u'17)<0.9x10°(90%CL)
04 — -
oaf :
0:::::::::::::. ..... '

0 1 1 1 1 5 1 1 1 10 15
BR(B? — pu) [107]

1.8x10-8 (central value of the “2 sided upper limit”) reported by CDF excluded with p-value of
0.29%
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Angular analysis of B~ K*uu

25

U Flavor changing neutral current
highly sensitive probe of new
physics due to large number of
complementary measurements
possible from full angular
distribution (0,,0,,9) and di-u
invariant mass q°
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LHCDH Studies of B~ IK*uu

« L. =309 pb!
* Remove J/y and y(2S)
resonances

* Select events using
Boosted Decision Tree

* Measure dI'/dqg?,

longitudinal polarization
F,, and Ay in 6 g° bins
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Results )

Theory mmBinned theory Theory mmBinned theory Theory mmBinned theory
oM - LHCbI T T - - LHCbI T T o 1 -5 = LHCbl T L
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L i I . B 7 X 1 —
| I - - - "~ - .
0 [ | + . 0.5-— I —_ g ]
Y LHCb ] _l_ ] 5 1 :
[ Preliminary oF - ]
0-...;'...;0'...1.5....2I 0....;'..l1'0-...1l5'..l20 cO....;...';O..l.1|5...'20
q? [GeV¥ ] G2 [GeV?/ ¢4 q? [GeV¥ Y]
Theory mmBinned theory LHCb measurement is more precise than
— 1.5——tHCh - CDF = BELLE — BaBar previous measurements, statistical errors
> LHCb 1 | dominate.
[0 Preliminary ) ) e )
4 1 | Data are consistent with SM predictions at this
o 7 | level of sensitivity.
o ] . . . ..
= 1 ' Next: determination of O crossing point in AFB
N . .
3 o5 1 | & study other observables (e.g. A sensitive to
= 1 ' RH currents)
0 i 1 1 1 i
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New physics in B! - B’ mixing

Amy & Am,

Im A
o

/ &A,(B)& As

New Physics in B_ - B; mixing

* Measurements of mixing
induced CP violation in B,
decays are of prime
Importance in probing
new physics, most studied
channel is B) — J /y¢

* but other final state may

play a major role such as
B'—J/yf,
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LHCD 6, Measurement

Confidence Level scan § T /\‘\\
2010 data (36pb-')1.2G from SM NFRENNY/ ER\N

| o | BIMN
Using opposite side flavor BN —
tagging only \\\\/ /
Preliminary result less precised TS BUURE UOL W  BOO OE E
than Tevatron, 10 times bigger = v

. © *°F 400 pb 1 toy Monte Carlo
data set being processed Sod wn i
o o e . < 0.2: 33/ 2oy

Sensitivity can be improved O
through inclusions of CP- ), \ :
eigenstates modes such as

B.—J/yf, T o frad]

Assuming identical analysis
Fermilab, May 9, 2011 performance + central values




Bs—J/yf, at LHCb ”
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Study of B) > J/wK'K~ and first
observation of B — J/y f,(1525)

Selecting events with K"K~ within £20 MeV of the ¢
mass, we obtain the normalization J/y¢ signal

" LHCb g, d

. s = 177342 -]
Preliminary gy

\/s =7 TeV Data

mg, = 5366.97 + 0.17 MeV ]
o= 7.11£0.14 MeV
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Angular analysis shows consistency with spin 2
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corr

Preliminary
\s =7 TeV Data

More opportunities for CPV measurements! " T costy,
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From ATLAS: B, lifetime
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Simultaneous fit of mass and proper time gives
T—(1.41£0.08+0.05) ps
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Towards a precise determination of
the angle vy

dImportant because, together with [Vub|, it
determines the “reference unitary

triangle” [Goto et al., PRD 353 (1996) 6662] free
from penguin pollution.

dStudy B * — DK™ with final states common to
DY and DY

JCabibbo favored DO and ey ! .
Cabibbo suppressed D "'- : 0w
maximize interference - | 5



Evidence for B — K n"K*(ADS)

. Atwood, Dunietz, Soni Phys.Rev. D63

B (2001) 036005
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Non leptonic 2 body B decays

Important tests of CKM framework & interplay

between QCD effects and weak interactions [many

theoretical methods proposed to tackle this]

B —nr,nK, KK extensively studied in the last 10
years, great body of experimental knowledge and
growing! (new PID power of LHCb RICH)
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Dirvect CP Violation

A (B’ — Kr)=-0.088+0.011£0.008

Aoy (B" — Km)=—-0.098"2  (HFAG)

%, 3000 %, 3000
3 C LHCb 3 F LHCb
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ACP (BS —> n'K) — _027 + 008 + 002 First evidence for

direct CPV in B,— nK
decays
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CP Violation in charm dec

ays

Example CPV in D'-K'K- & w*n- decays

Apaw (f)* = (Acp(f)+Ap(f)+Ap(rs)+Ap(D*F))

physics CP asymmetry

Production asymmetry

Detection asymmetry of D°

Detection asymmetry of soft pion

LHCb Preliminary
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Remarks and interpretation

With less than 1/20 of present data sample LHCb already
competitive with b-factories
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Summary and conclusions

* A new ambitious experimental
program to study new physics
manifestations in charm and
beauty decays has had a very
good start.

* Already several “world’s best”
results from LHCDb, the first
dedicated heavy flavor
experiment at a hadron collider.

e Much more to come!

&/12/11 Marina Artuso DPF 2011
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Decay Angles

>

02

Figure 6: Angle definition: 6 is the angle formed by the positive lepton (£*) and the z axis, in
the JA) rest frame. The angle ¢ is the azimuthal angle of £* in the same frame. In the ¢ meson
rest frame, v is the angle between (K ') and —p(JA)). The definition is the same whether a
BY or a BY decays.
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| Reconstructed B, mass

LHCH data
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