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(68 Introduction

* DO—Kmmrmr (D9—K31r) decays have many
Interesting physics applications at LHCD:
— D%—K-31mm and D**—(D%—K-31m)mr:
« DY and D** charm cross-section measurements
— D**—(DY—K*31m)1r:
« Amplitude model of DO—K*31r
* Indirect CP violation and mixing

— B*—(K*31m)K* and B*—(K*31r),11™:
« Measurement of B(B*—DK"*)/ B(B*—D1r*)
— B*—(K-31m)K*:

* Tree-level measurement of the CKM angle y

04/04/2011 loP NPPD Conference 2011 - Philip Hunt, University of Oxford 3



s  Charm physics at LHCb

* Same aspects of LHCb that make us good for b-physics
also aids charm physics
— Low pileup
— Great K-11 discrimination
— Excellent PV resolution
— Good tracking and momentum resolution

* cC cross-section ~20x larger than bb cross-section
— Can do many competitive analyses in charm sector with early data

* Crucial to charm physics at LHCb is the measurement of
the open charm production cross-section
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Measuring the open charm cross-
bl section at LHCDb ®

* Test predictions of QCD

* Input to sensitivity estimates for mixing, CP violation (CPV)
and rare decays in the charm sector

* Ensure production cross-sections well described by MC

* Key features of LHCDb cross-section measurements:
— Measure transverse momentum (p;) of the D hadron down to zero
— Have access to all charm hadron species

* Preliminary cross-sections results produced for D%, D™, D*
and D_* with first 1.8nb™" of Vs=7TeV LHCb collision data
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(s Measurement strategy

_ __ Nsiglpry)
: O-(['int! pT’y) B Etot(PT.Y) BRLint
— Raw signal yields determined in 2D bins of y, p

 Signal separated from background

» Contamination from secondary charm determined from fit to D
IP in data

— Selection efficiencies g, determined from MC
» Extensive cross-checks on data
* PID cut efficiency determined separately using data

— Branching ratios from Particle Data Group (PDG) 2010
— Integrated luminosity measured by LHCDb
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&% Prompt-secondary separation ®:

LHCB-CONF-2010-013 FS

04/04/2011

After background
subtraction, the
remaining background
primarily comes from
decays of long-lived
particles — secondary
charm

Measure secondary
fraction from the D
impact parameter (IP)
distribution

P

Events / (0.1)

____"._J_T__T

w
(=]
Q

N
(24
(=]

200F

150
100F

50|

N7 b

- = o
. .- 0
F 1~ 1 rr-r- rr 1
— —— 2010 Data + LHCb
E - Preliminary
- Total fit Vs =7 TeV Data
r ---- DfromB
D from B

------
-
= =

2 0
Ioge(IP / (mm))

loP NPPD Conference 2011 - Philip Hunt, University of Oxford 7



Cross-section results: DY

hysics
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xford

sk Including D°—K31r decays in the O
cross-section measurement

* Work is on-going to produce a public note for the
cross-section measurements with increased
statistics

* Forthe D%and D™* cross-section measurements,
only D°—K-1r* decays have been considered so far

* We also plan to include D°—K-31r decays in the
final result

— Consistent results between the two- and four-body
measurements is important to show that we understand
our tracking efficiencies
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xford

hysics

« Reconstructing and selecting D°—K-31r

eventsin 2010 was hard work:

— Pileup and track multiplicity much
higher than LHCDb design

* As we approach nominal
luminosity in 2011, LHCb can
run with pileup closer to design

— No dedicated four-body charm
software trigger line in 2010

* New trigger line commissioned
for 2011 to handle four-body
charm decays

* Despite these problems, we managed
to reconstruct O(’2M) events in 2010!
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g  B(K'3mMpK*in2010data @

* Even with a fraction of a nominal year of LHCb data, we
can already see the first multi-body B*—DK* events
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RE Conclusions o

ysics

* DY—Krmrmrr decays have many physics applications at
LHCb in the charm and beauty sectors

e Current open charm cross-section results show good
consistency with MC

— The inclusion of D°—Krrmrr decays in the final results will give
important corroboration of our tracking efficiencies

* Even with the less than ideal 2010 detector conditions,
LHCb has proved that multi-body decays can be
reconstructed at a hadron collider

* First physics results with D— KT decays very soon
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(s Backup P
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S Overview of LHCDb

Tracking system

Locator \ |

l /I l 1 | I S [N | VENI CE N N W
i 5:11 /[ 1om © 15m Eﬂjm 7
Vertex Locator Ring imaging Cherenkov (RICH)

(VELO) detectors
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e The CKM matrix (P

* The Cabibbo—Kobayashi—-Maskawa (CKM) matrix
quantifies the mixing between the different flavours of
quarks in weak force interactions

Vud Vus Vub

Verm = Vea Ves Veb
Vea Vs Vi

* The CKM matrix can be fully describes by three mixing
angles and one complex phase

— CP violation (CPV) is generated in the Standard Model (SM) by this
complex phase
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K&s Unitarity of the CKM matrix @

* Invoking unitarity gives a series of relations between the elements of
the CKM matrix V;

- 2 VitV = 6ys XV Vij = 8y5.

* Wheni=j, we have the constraint that the couplings of an up-type quark
(u,c,t) to the down-type quarks (d,s,b) are the same for all generations
(universality)

* The six remaining relations (when i#j), can be represented as triangles
in a complex plane, known as a unitarity triangle

(P, 1)

v
VeaVep

j//
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S

* Of the three standard CKM angles,y is by far the least constrained

* One of LHCb’s primary objectives is to reduce the uncertainty on y to a
few %
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&4 Measuring y from tree-level processes sora

hysics

* Decays with internal loops in the Standard Model (SM) are
sensitive to new physics (NP) processes

— NP can distort the angles of the

unitary triangle

* Measuring y from “tree-level” processes gives a SM
benchmark, since they are much less sensitive to NP

NI e fom
e own T S
.04 -0.2 0.0 0.2 ; 0.4 0.6 0.8 1.0
Constraints from trees
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% Measuring y from interference between o
B*—DOK* and B*—D%K*

* vy can be determined from tree-level processes by exploiting the
interference of B+—D%K* and B*—DPK* when decaying to the same

final state: _ } . _idp
DK DK rpe

e
(K+K )DK B K+ﬂ' )DK_

i(6p—) i(dg—
@DK / {D _/

* Gronau-London-Wyler (GLW) method (left):

— D decays to a CP eigenstate, e.g. K*K-
— Since rg is relatively small (~0.1), the upper process dominates, so low y sensitivity

* Atwood-Dunietz-Soni (ADS) method (right):

— D decays to non-CP eigenstate, e.g. K*mr-

— Since the upper process is supressed, the interference is large, so maximal y
sensitivity

K

— State-specific amplitudes rp well-measured from charm decays for many modes
— At least one other final-state (e.g. K*31) needed to constrain all parameters
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xford

gl Feynman diagééf%gg B-—D%- and O

y = Arg (Vud Vub *)
Vcd Vcb "

ysics

. > > DY _ K-

A

Colour favoured Colour suppressed
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S

Feynman diagrams for D°—Km*and ..,

DO_) K_.I_I.+ ysics
Vg Vi Vg 1—2%/2 A AA3(p — in)
Vekm =\ Vea Vos Ve | = —A 1—2%2/2 AA? + 01"
Via Vis Ve AVB3(1—p—in) —AA? 1
d
/ ’ Cabibbo Favoured (CF)
e
DY ) " ” ) K~
Vusa..}\// K~
- < s Doubly Cabibbo Supressed (DCS)
DY : V*cd~)\ g o
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(&8 Using ADS method for multi-body modes (P

hysics

* The ADS method can be applied to multi-body final states
such as DY—K*m1% and DO'—K*m1tm (DO'—K*31)
* However, these are complicated by the fact that the D° or

DO can decay to the final state via several short-lived
Intermediate resonances

— These resonances can interfere with one another, so the amplitude
ratio and strong phase difference can vary over the phase space

* There are two ways to account for this:

— “Pseudo-two-body” (coherence factor) method
— Amplitude model
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e Coherence Factor

* An additional parameter is introduced into the two-body
amplitude equations called a coherence factor, which quantifies
the interference between the resonances:

spker _ _ J Axan(DApr (Ddx
[1Ag—sn(D2aZ f|Ags s, (D) a
» Can take any value in range 0-1
» Low coherence factor means the resonances are largely incoherent => low y
sensitivity
— The coherence factors for D°—Kim? and D°—Kmmr have been measured
by the CLEO-¢ collaboration (Phys.Rev.D80,(2009)031105)

— For Krmmmr, the central value is quite small, albeit with very large errors
(0.33028,,,)

— Reduction in y sensitivity, but heightened sensitivity to rg (0.103*0015, .,,)
[CKMFitter, ICHEP 2010]
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XSS Amplitude model P

~10pb-"
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e prescale) LHCb
T Preliminary
vs =7 TeV Data 2010

L
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* Dalitz plots are commonly used to
investigate the resonant structure of three-
body decays (e.g. D,*—KK*m*, shown
right)

* Such plots can be used to fit for the
amplitudes and phases of the resonances

* Things are more complicated for decays
with four final-state tracks. e.g. D9—K*3mr,

as we have to deal with a 5D Dalitz space 6468 08 T e s T
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« For neutral D decays, it is necessary to consider events in which the D comes
from a D** decay, since the charge of the pion tells us whether a D° or D° decayed

« Afull amplitude model already exists for the Cabibbo favoured (CF) D°—K-31r, and
we are working on incorporating the model into the LHCb framework

« There is no amplitude model yet for the doubly Cabibbo suppressed (DCS)
DO—K*31r. We plan to exploit the vast number of charm events that LHCb will
generate to determine the first amplitude model for this decay channel
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&8s  Cross-section results: DY

D*+c.c. cross-section
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&y Cross-section results: D.*

D +C.C. Cross- sectn:m
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e Cross-section results (P

* Cross-sections results in agreement with MC and theory
predictions

* (Calculating open charm cross-section for each analysis (in
fitted pt and y range), and performing a least-squares fit to
a constant:

— o(pp—HX,2<y<4.5,p;<8GeV/c)=1.23%0.19mb, x°/ndf=2.28/3

* Using PYTHIA to extrapolate to 411, we obtain the following
(preliminary) total open charm cross-section:

— O0(pp—cC)=6.10%0.93mb

04/04/2011 loP NPPD Conference 2011 - Philip Hunt, University of Oxford 28



KSs D**—DO(K-3m)m selection cuts Q=

* -7.5<Am-(Am)pps<15MeV/c?* DP daughter max(IP x?) > 30

* D"DOCA < 0.45mm * DOIPx2> 30
* DO°DOCA <0.5mm * DY DIRA > 0.9998

* DO daughter pr > 300MeV/c * Track x?/d.o.f. <5

* DY daughter p > 3GeV/c * Kaon Aln L(K-1m) >0
* D/DY p;>3GeVic * Pion Aln L(11-K) > -3*
* Bachelor 1 p; > 70MeV/c

* D vertex x?/d.o.f. <20

* DOYvertex x4/d.o.f. <10
e DO daughter IP y2> 1.7 *No PID cut applied to bachelor
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04/04/2011

*—(K*311),K* stripping cuts

Cut variable B2DXWithDhh || B2DXWithD2hhhh

BT mass window +500 MeV/ ¢ +500 MeV/c=

D" mass window +100 MeV/c? +100 MeV/c*

D" pr = 1GeV/c = 2GeV/e ¢

D" daughter K+ pr = 250 MeV/ e > 250 MeV/c B
D" daughter 7 pr = 250 MeV/c = 150 MeV/e

D" daughter 7% pr

Bachelor pr = 00 MeV/e = 500 MeV/e

D" daughter K+ |p
D“ daughter == |p]

Bachelor |p

BE IP »*?

D" daughter K+, 7% sIP 2
max(D” daughter K+, =+
sIP 2}

Bachelor sIP y?

D[] FD 12

B* DOCA

D" max(DOCA)

B+ DIRA

D" DIRA

BY lifetime

BT vertex y* [ d.of.

D" vertex y? / d.of.

D" daughter K+, #¥ track y*
J d.odt.

Bachelor track x? / d.o.f.

2GeV/c
2GeV/e

(ALY,

= 3GeV/e
= 2GeV/e

<€

W

5GeV/e
< 25
=4
= 40
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= (.0
= 0.2ps
< 12
<12

L 5

L 5

= b GeV/e
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= 40
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= 0.9
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<
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e B*—(K*31),K* offline cuts

Cut name

Preselected candidates

= 3 D" daughters with pr = 240
MeV/e
> 2 DY daughters with pr > 400
MeV/e
= 3 D" daughters with sIP y* = 16
> 2 D" daughters with sIP y* = 30

BEIP y? <0

Bachelor K sIP y? = 28

D" max(DOCA) < 0.3 mm

B DOCA < 0.1 mm

BE FD x? = 76

D" FD y* = 252

B* DIRA = 0.99995

D" DIRA = 0.992

D" vertex y2/d.o.f. < 6

D" daughter K AInL(K —7) =0
D" daughter # AlnL (K —m) < 10
Bachelor K AInL(K —7) = -2
DY mass window = {—40,+30}
MeV/e?

Cut name

Preselected candidates

D" daughter pr > 330 MeV/e

D" daughter sIP y? > 21

BEIP 2 < 0

Bachelor K sIP y? > 28

D" max(DOCA) < 0.3mm

B* DOCA < 0.1mm

BXFD 2 > 76

DY FD y2 > 252

B* DIRA > 0.99995

D" DIRA > 0.992

DY vertex x? / d.o.f. <6

D" daughter K AlnL (K —m) >0
D" daughter 7 AlnL (K —7) < 10
Bachelor K AlnL(K —7) > -2
D" mass window = {—40,+30}
MeV/?

B*—(K*31) K*

B*—(K*mT)oK*

04/04/2011 loP NPPD Conference 2011 - Philip Hunt, University of Oxford

xford
hysics

31



&% Measuring B(B-—D%K-)/B(B-—D01m)

* Well measured by BaBar and Belle
* Ratio (approx.) the same for all final
states

— Currently considering K1r, KK, 1111 and
K31T

* Can do a lot of the groundwork for
measuring y using channels with

low sensitivity to the key parameters

— Much work done to understand and fit
our backgrounds

— Fitter code blinded to y, rg and og

* Currently finalising the results and
determining systematic errors
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WEIGHTED AVERAGE
7.640.6 (Error scaled by 2.3)

xE

Sl Homl 8 BELL 47
—+ AUBERT C4N BABR 3.2
BORNHEIM 03 CLE2 _ 3.

\ 10.9

M {Confidence Level = 0.0044)
T |

4 G ] 10 12 14 16
r(D%k*)/r(D%) (units 1072)

PDG 2010:
K. Nakamura et al. (Particle Data
Group), J. Phys. G 37, 075021 (2010)
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