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LHCDb

Forward spectrometer

Acceptance: 1.8 < n <49
Luminosity: 2¢1032cm2st
Nr of B's / 2fb-1 (nominal year) s 1012

Detector: excellent tracking
excellent PID

Reconstruction:
- muons: easy
- hadronic tracks: fine
- electrons: OK
- 1¥'s: OK, though difficult
- neutrinos: no

4

Tracking:
Expected tracking resolution f v e
dp/p=0.35% to 0.55% "

Mission statement

- Search for new physics probing the flavour structure o
- Study CP violation and rare decays in the B-meson

B flight path of the order 5-10mm

ECAL
SPIVPS

__RICH2

| ARiCH]
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Vertexing:

Expected primary vertex resolution
~10um transverse plane and
~50um in the longjtudinal one
Expected Impact parameter

Eduardo || resolution 0,p=14um+35um/p;

HCAL

| RICH performance:

Cherenkov angle resolution 0.6-1.8 mrad
Particle identification in p range 1-100 GeV
7T K ID efficiency > 90%, misID<~10%

f the SM
sector

M4 M3
M3 —
M2 '

Calorimeter resolution:

Design ECAL resolution

O(E)/E = 10%VE +1% (E in GeV)

HCAL resolution from test-beam data
o(E)/E = (6915)%\/E+ (9£2)% (E in GeV)
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B - h*h’- decays — a rich physics program

O B° - 1ut: time-dependent asymmetry

- so far inconsistency in direct CP contribution (C - Petween BaBar and Belle
d B° - K*m: direct CP violation measurement

d B, - 1K= direct CP violation, branching ratio measurement

S

d B, - KK:time-dependent asymmetry, branching ratio measu rement,
lifetime measurement

O Gronau, Lipkin and Rosner relation
A, - 7K -|AB, - mK* ) =|AB° - 7Kk) -|AlB - k)
d B° - K*mr, B* - K*1P: #in CP asymmetry hard to understand theoretically
O B - 1ot B, - KK : determination of the CP angle yexploiting U-spin symmetry

O RareB - h*h’-:h=1 K ... butalsoah=baryonsuchasp, A

1 Etc. List non exhaustive
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B - h*h’- decays in LHCDb LHCb Note 2007-059

O LHCb has focussed so far on:
- determination of CP asymmetry observables

- determination of yexploiting U-spin symmetry
(R. Fleisher, Phys. Lett. B459 (1999) 306)

Y
QB° - 1o, B, - KK:

4 y from interference between
tree-level (b - u) and penguin (b -d,s) diagrams

O Complex analysis involving a sophisticated
fit of many B - hh decays in mass and propertime

O Loop diagrams sensitive to New Physics

0 Comparison with other determinations of  yusing tree-level decays
(suchas B °-D,u,) can evidence inconsistencies and hint at New Phys ics

Eduardo Rodrigues CKM 2008 Workshop, Rome, 9-13 September 2008 4/13



Combined selection of B - h*h’~ decays LHCD Note 2007-059

Signal(s) selection:

1200

O  Standard selection based on transverse momentum, -
IP and displacement significances, vertex  X? 1oeer

Counts

O  Particle identification to distinguish between # modes ‘“’”;‘

EIJIZI_—
O  Excellent B propertime resolution ~40 fs X
400
Q  Tagging power &D2:4-5/7-9for B°/ B,

200

BaCkgroundS' '%.; 515 52 625 53 535 64 545 55

GeVic

O  Every charmless charged 2-body decay of B ©, B, or A, is a potential background
to another cousin B - h*h’- mode

- B.R.s differ by up to 1 order of magnitude

- Suppressed with excellent PID Latest Monte Carlo
studies agree with

Q b-bbar inclusive these predictions

Expected (untagged) yields and background-to-signal ratios for 2fb -1

B - Tt B - KM B, — KK B, - TK
yields 36k 140k 36k 10k
_ B/S 0.5 0.15 <0.06 1.9
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Combined fit & sensitivity studies (1/3) LHCb Note 2007-059

Inputs to toy MC study - extracted from full detector s imulation :
0 B invariant mass and propertime distributions for si gnal and background
0 B invariant mass and propertime resolutions

O Flavour tagging performance

O Propertime acceptance

Setting in toy MC study — physics observables:

0 CP-violating observables measured by BaBar, Belle, CDF
0 Non-measured CP parameters estimated assuming U-spi  n symmetry
Toy MC .
0 Generation of signals and backgrounds in mass and p ropertime
taking into account the above
= Likelihood fit
O Extraction of yusing UTfit Bayesian approach
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Combined fit & sensitivity studies (2/3)

0 Time-dependent asymmetries

ACP (t): Adir COS(Amt)+ AmleIn(Arnt)

cosh(Art/2) - A, sinh(Art/2)

0 Asymmetry observables depend in total on 7 paramete  rs:

Y, mixing phase 4 (B), penguin-to-tree amplitudes ratio P/T =d e

= B4, (Bs) from other measurements = 5 unknowns

O U-spin symmetry assumptions  (neglecting annihilation and exchange diagrams)

= strong assumption: d - =d, , 6,,= 6,

= solve 3 unknowns for yusing 4 (A 4,mix ) Measurements

» weak assumptions : d

= solve 4 unknowns for yusing 4 measurements

O But U-spin assumptions introduce uncertainties ...
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Combined fit & sensitivity studies (3/3)

Weak assumptions:
d,e = dyk * 20%, 0, and B, independent

Sensitivities for 2fb -1
Fits allow for 20% U-spin breaking

=
B - B, — KK § ool —
> o(y)=10
a(Ay) 0.043 0.042 = (stat)
8 .00z
.
a(A,.) 0.037 0.044 2 |
u.um:
: "8 00 50
- Weak assumptions: o(y) ~ 7-10 degrees /
==
] . N B 10fb1
Strong assumption: o(y) ~ 4 degrees g
> o(y)=5°
= o004 (stat)
Q Under way : fit study with introduction of PID Tz | W
PDFs, where PID info taken directly from data | | '._
with a D* sample | .
% B0 100 150
M7
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Rare B - h*h’- modes

0 Rare modessuchasB ° - KK or B, - mutnot yet found

O Early discovery potential for these rare modes unde r consideration ...

Back-of-the-envelope calculation:
O Normalize to # of observed decays of similar (exclu  sive) B-decay

O Assuming equal efficiencies for trigger, selection, etc.:

New(Bys — ) _ f(b - B,,) BR(B,, ~hh) _f(b-By) BR(B,, - hh)
N_(B, ~ K'K") f(b-B) BR(B,-K'K) f(b-B) 2010

f(b- By,)

N _.(B,. - hh) O
= rec( d,s ) f(b—» BS)

x910°xBR(B,, — hh) inlpb™

Assuming the B. R.s to be 10 -7 we should see these rare signals with a few 100 pb 1!

(the reconstruction efficiencies will be lower than for standard B - hh modes)

- We expect ~36k B - KK triggered and untagged events per nominal year (  LHCDb-2007-059) = ~18 events in 1pb 1
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Charmless baryonic 2-body decays (1/2)

O WhataboutB - hhdecays, whereh=p, A?
O Many 3-body decays already discovered ...
... but no 2-body decay yet

No 2-body decay
Heavy Flavor Averaging Group discovered
April 2008

Compilation of B® Baryonic Branching Fractions
All branching fractions are in units of 107%; limits are 90% CL

In PDG2006  New since PDG2006 (preliminary)  New since PDG2006 (published)

| RPP# Mode PDG2006 Avg. BABAR Belle CLEO New Avg. |
| 266 PP < 0.27 < 0.27 < 0.11 <14 <011 |
| 274 AR < 0.69 <0.32 <12 <032 |

Compilation of B Baryonic Branching Fractions
All branching fractions are in units of 107%; limits are 90% CL

] 295 A < 0.49 < 0.32 <15 <032 | 1013



Charmless baryonic 2-body decays (1/2)

O Theoretical calculations are challenging and uncert ain

L Several predictions in disagreement

| | | Ref.[11] |
Ref. [3] Ref. [7]  Ret. [10] This work Expt.
non-local local
B — pp 4.2 x107% 1.2x10-% 7.0x 107629 x10-6 2.7 x 105 1.1 x 107 < 1.2 x 10-6
B’ = AA 2 x 10~7 of < 1.0 x 105
B~ — Ap < 3x 10" 22x 107 < 2.2 x107°
Cheng & Yang, ar Xiv:hep-ph/0112245v3
B - pp decay:

O Simplest 2-body charmless baryonic B decay

O LHCb has potential for a first discovery with early data
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B - pp mode in LHCDb

Purity versus DLL(p-K),p > 1 GeV

Pt eces pratesa it v Dubia

Entries 588086

=
@
=)

0 On a B-signal event we expect
~3.5 real proton tracks
= should not have to deal with
large combinatorics ...
given that the PID is excellent

y

Purit
8
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0.94

0.92

0.9

Mean 10.74
Meany  0.9538

W 1 rws 9.898
A+ RMSy 0.1543

.
(L]
(=]

10 15 20

25 30
DLL cut

Note: distributionsfor eventswith both MC

U  Back-of-the-envelope calculation B-daughter protonsin LHCb acceptance
U Normalize to # of observed decays of similar (exclu  sive) B-decay
U Assuming equal efficiencies for trigger, selection, etc.:

N(B° = pp) _ f(b~B°) BR(B" - pp) 04 BR(B’ - pp)

N, (B, - K'’K") f(b-B,) BR(B, - KK 0.1

= N, (B° > pp) 036[10°xBR(B° - pp) inlpb™

210

Assuming the branching ratio to be 10 -/

we should see a signal with 100 pb 1!

- We expect ~36k B - KK triggered and untagged events per nominal year (  LHCDb-2007-059) = ~18 events in 1pb -
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Conclusions and Outlook

- LHCDb provides unprecedented sensitivity to all B - hh modes
- A large and rich program is being investigated

- sensitivity to  y~5° with 10fb - of data

- Other modes will be exploited to complement y measurement

- Looking forward to seeing all these developments
“In action” using LHC data ...!
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HFAG summaries (1/2)

Heavy Flavor Averaging Group
April 2008

Compilation of B Baryonic Branchmg Fractions
All branching fractions are in units of 107%; limits are 90% CL

In PDG2006  New since PDG2006 (preliminary)  New since PDG2006 (published)

RPP# Mode PDG2006 Ave. BABAR Belle CLEO New Aveg.
266 vp <0.27 < 0.27 <DIL T <14 <011 | e—
268 pﬁf?ﬂ 2.1%5¢ 3.0+0.5+031F 2513038 40.211% 2.661 033
269 e0p* < 0.23 < 0.05 < 0.23 < 0.05
— [5(2221)K° * New < 0.45 < 0.45
270 ppK*0 <76 1.47+0.45+0.40 t 11802 +0.11 § 1.24733%  |Easy with
—~ F(2221)K*0 * New < 0.15 <0.15 | LHCb?
271 pAr 2.6 + 0.5 3.30+£0.53+0.31 323098 +029 <13  3.257038
B pa(1385)~ New < 0.26 < 0.26
— A"A New < 0.93 < 0.93
272 pAK~ < 0.82 < .82 < 0.82
273 P <38 <38 <38
274 AR < 0.69 < 0.32 <12 <032 | €=—

§Di-baryon mass is less than 2.85 GeV/c?; 1 Charmonium decays to pp have been statistically
subtracted. § The charmonium mass region has been vetoed. * Product BF - daughter BF taken

to be 100%; ©(1540)* — pK® (pentaquark candidate).
E * Belle collab., hep-ex/0703048v1



HFAG summaries (2/2)

Heavy Flavor Averaging Group
April 2008

Compilation of B Baryonic Branching Fractions
All branching fractions are in units of 107%; limits are 90% CL

In PDG2006  New since PDG2006 (preliminary)  New since PDG2006 (published)

| RPP# Mode PDG2006 Avg. BABAR Belle CLEO New Avg. |
286 pprt 31108 1.60 402940261 1.68035+0.121 <160 168792
289 ppK* 5.6+ 1.0 6.7+£05+041 59802403914 6.241032
290 O+p* < 0.091 < 0.09 < 0.091 < 0.09
291 fi(222D)K+ * < 0.41 < 0.41 < 0.41
202 pA(1520) <15 <15 <15
294 ppi*t 1[0 B sy 53+ 1.5+1.31 3389034039 1¢% 3.6470.2
B fr(2221) K * New < 0.77 < 0.77
205 pA < 0.49 < 0.32 <15 < 0.32
- pAx® New 3.00°381 £+ 0.33 3.00°0:8
- p(1385)° New < 0.47 <047
— AR New < 0.82 < 0.82
299 AAx™ <28 <281 <281
300 AAK* 29102 +0.4 29707 +0.4 1 2.9753
301 Ap < 380 < 1.42 <380 <142
302 A*Tp <150 < 0.14 <150 < 0.14

§Di-baryon mass is less than 2.85 GeV/c?; T Charmonium decays to pp have been statistically
subtracted.
I The charmonium mass region has been vetoed. * Product BF - daughter BF taken to be 100%:
Eduardo Rodr ©(1540)"" — K *p (pentaquark candidate); 16/13



