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Dear Professor Shochet

| am writing to convey the Office of Science’s response to the recent High Energy
Physics Advisory Pancl (HEPAP) report on extending the operation of the Tevatron a1
Fermi National Accelerator Laboratory, As you know the Office of Science received in
the summer of 2010 a widely supported proposal to extend operation of the Tevatron
through FY 2014. At our request, HEPAP and its subpanel, Particle Physics Project
Prioritization Panel (P5), responded quickly and analyzed both the physics merits of the
proposal and the potential impacts on the rest of the field. HEPAP and PS provided
valuable and timely advice 1o the Office of Science that informed our FY 2012 budget
request, | thank HEPAP and PS for these efforts.

In summary, P§ found the proposed physics program had significant scientific value and
would complement what can be accomplished at the Large Hadron Collider (LHC) in the
same time period, but recognized that without additional funding the extension of
Tevatron operations would delay progress on the development of the Intensity Frontier
program by HEP. P35 therefore recommended that extension of the operation of the
Tevatron be approved only if additional funds were available to HEP, and encournged the
funding agencics to find the necessary resources. Unfortunately, the current budgetary
chimate 5 very challenging and additional funding has not been identified. Therefore,
based in part on the PS rrcmnmcnduﬁnn,kmalinn of the Tevatron will end in FY 2011 |
as originally scheduled
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http://www.fnal.gov/pub/today/Tevatron-brinkman-to-shochet.pdf
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Introduction:

- Flavour physics in the LHC era as a window for new physics
- Intriguing anomalies in the SM picture

LHC: a heavy quarks factory
Status of the LHCb experiment:

key experimental ingredients for heavy flavour physics
measurements: status of the art

First results 1n flavour physics (@ LHCb and
prospects.



Flavour Physics in LHC era

Flavour physics has been so far a powerful probe to test the Standard
Model structure.

However the Standard Model cannot be the ultimate theory:

- it does not explain the hierarchy problem, the dark matter problem, the baryon asymmetry,
the mass pattern and mixing angles of quarks and leptons and it does not account for
gravitational interactions.

The SM 1s likely the low-energy (~M,y) limit of a more fundamental
theory that involves new particles, symmetries and degrees of freedom
at higher energy scale.

Therefore the two key questions of particle physics today are:
1) which 1s the energy scale of new physics?

2) which 1s the symmetry structure of the new degrees of
freedom?



Flavour Physics in LHC era

Two complementary ways to answer these two questions:

1) Direct searches in high-p; physics:

- look for real particles with specific signatures
(mostly ATLAS/CMS domain)

2) Indirect searches in flavour physics:
- look for virtual particles in loop processes ™
leading to observable deviations from SM

- can access higher energy scale
[see the effect earlier]

- can study the flavour structure of new couplings
[phases & amplitudes]



Flavour Physics in LHC era

Two complementary ways to answer these two questions:

1) Direct searches in high-pT physics:
- look for real particles with specific signatures
(mostly ATLAS/CMS domain)

landing on

2) Indirect searches in flavour physics:
- look for virtual particles in loop processes

leading to observable deviations from SM Mars from Hubble.Space

- can access higher energy scale Telescope
[see the effect earlier]

- can study the flavour structure of new couplings
[phases & amplitudes]




Flavour physics as a window for New Physics

* Flavour physics 1s expected to play a key role in constraining the
parameters of any NP model emerging [ or not emerging | from direct
searches.

* However if NP 1s at the TeV scale to solve the h1erarchyl problem -
- eg reachable by ATLAS/CMS - _ %
it must have a rather sophisticated

flavour structure to account

for absence of unambiguous NP signal 1n
FCNC transitions. B O SN

—> NP [if any] will appear as small anomalies to
the leading order CKM picture 5




“Anomalies” 1n the Standard Model picture

Despite the overall success of the
“Standard picture”...
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“Anomalies” in CKM fits:
1) A(yK)= sin(2p) tension [2.6 o]
between direct measurement and its predictions [g]
2) CPV in Bs mixing
—> mainly driven by same-charge dimuon asymmetry
measured by DO [3.2 ¢ discrepancy with SM]
3) BR(B =2 1v):
= exp = (1.68 £ 0.31) 10* [Babar + Belle ‘10] 6
- SM =(0.79 + 0.07) 104 [UTFit *10]
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“Anomalies” 1n the Standard Model picture

Despite the overall success of the
“Standard picture”...

.. looking more closely there are some
“anomalies” that disturb the overall
consistency.

Understanding these [and other]
anomalies 1s the role of the flavour
physics (@ LHC in the coming years.

11



LHCb b- and c-physics program

[not exhaustive list]

® (alibrating the sources [a(bb) , 6(cc),..]:
o measure o(bb) at Vs =7 TeV via abundant processes
as b> J/iy X and b>DKn) pv X.

¢ Improve measurement precision of CKM elements:
o Compare two measurements of the same quantity,
one which is insensitive and another one which is sensitive to NP
(tree vs loop)
-sin(2) from B? — JApK and sin(2f) from B? — ¢Kg
"y from B, = D K and y from B’—n*mand B,—~K'K~

o Measure all angles and sides in many different ways
-any inconsistency will be a sign of new physics

® Measure FCNC transitions where NP may show up as a relatively
large contribution:
o B, mixing phase: 3, and a
° besy,b—>sl+lj,B({§)—.> up
o Also: CP phase in DV mixing



LHCb b- and c-physics program

[not exhaustive list]

® (Calibrating the sources [6(bb) , o(cc),..]: Preliminary result
o measure o(bb) at Vs =7 TeV via abundant processes

as b> J/y X and b>DKn) pv X.

based on
L ~5 pb!

® Improve measurement precision of CKM elements
o Compare two measurements of the same quantity,
one which is insensitive and another one which is sensitive to NP
(tree vs loop)
-sin(2) from B? — JApK and sin(2f) from B? — ¢Kg
"y from B, = D K and y from B’—n*mand B K*K—

° Measure all angles and sides in many different ways
-any inconsistency will be a sign of new physics

® Measure FCNC transitions where NP may show up as a relatively
large contribution:
> B, mixing phase: [3 )i I Here LHCDb expects to have

o b— sy, b — sl'l-, (ﬁ — MM competitive results with data collected
o Also: CP phase in DY mixing BRI




2. LHC: machine status and detector performance

The Hubble space telescope







LHC: status of 2010 run and perspectives for 2011

 Excellent machine performance:
- 2010 run @ Vs =7 TeV - a “glorious” run:

L .. increased ~1 order of magnitude per month, x15 last month (October)

pea
L., ~42/38 pb! (delivered/recorded) with L ~1.6x 102 cm2 57!

peak,max

Peak L VS tlme L at35TeV |  [2011-01-19 06:00:08 | Integrated L VS tlme [2011-01-19 06:00:08 |

Delivered Lumi: 42.15
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LHC: status of 2010 run and perspectives for 2011

 Excellent machine performance:
- 2010 run @ Vs =7 TeV - a “glorious” run:

L ... increased ~1 order of magnitude per month, x20 last month (October)

pea
L., ~42/38 pb! (delivered/recorded) with L ~1.6x 102 cm2 57!

peak,max
Peak L VS tlme L at35TeV |  [2011-01-19 06:00:08 ] Integrated L VS tlme [2011-01-19 06:00:08 |
F 0 : : by
= 160 it 2040 g e Delivered Lumi: 42.15
3” UCt S tn}kb = - Recorded Lumi: 37.66 OCt9 30ﬁh
g; 140 = N l »‘g 35:
3 1 H i 'E = b
B (0.1>1.6] x 102 cm?s”! V EI: |
[ in the last month ! § ot
E £
M Mgarch 30t
g 280 — X, 0 % . w
§ ays since 1 January 2010 1 Days since 1 January 2010

-2011 run @ Vs =8 TeV

LHCb expects to collect ~2 fb'!, L _. (@ IP8) ~3 x 10°? cm>2s!




LHC: status of 2010 run and perspectives for 2011

 Excellent machine performance:

- 2010 run @ Vs =7 TeV - a “glorious” run:

L o Increased ~1 order of magnitude per month, x20 last month (October)
Li, ~42/38 pb! (delivered/recorded) with L o ~ 1.6 x 10°2 cm 57!

Number of visible pp
80% of L reached with 344 bunches | interactions per crossing| . .
(2622 nominal) and f*~3.5 m m 2010 - \
(B* ~ 10 m nominal) thus: i ?
more vertices per collision! B s D LNG b
- more tracks and event complexity! | 5 | 5
- increase the readout rate per bx ! 1T T T 7 T imcopesignspess |
- increase event size and processing time R
‘ July > August > September e October ’

...AND very tough from a detector/trigger/DAQ/reconstruction point of view!

9




LHC: status of 2010 run and perspectives for 2011

 Excellent machine performance:
- 2010 run @ Vs =7 TeV - a “glorious” run:

Lpeak

80% of L reached with 344 bunches

(2622 nominal) and f*~3.5 m
(B* ~ 10 m nominal) thus:

more vertices per collision!

- more tracks and event complexity!

- increase the readout rate per bx !

- increase event size and processing time

Integrated Luminosity (1/pb)

peak,max

increased ~1 order of magnitude per month, x20 last month (October)

L., ~42/38 pb! (delivered/recorded) with L ~1.6x 102 cm2 57!

Data Taking efficiency in 2010
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Delivered Lumi: 42.15
Recorded Lumi: 37.66
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..AND very tough from a detector/trigger/DAQ/reconstruction point of view!
BUT we managed: overall data taking efficiency over the year > 90%!
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LHC: status of 2010 run and perspectives for 2011

 Excellent machine performance:
- 2010 run @ Vs =7 TeV - a “glorious” run:

Lpeak

NB: L ~ 38 pb! corresponds to
~ 1019 of bb-pairs produced:
(only some % of what expected by the
end of 2011);
Babar+Belle @ Y(4S),
L~ 1.5ab!, 1.5 10° bb pairs
produced

Integrated Luminosity (1/pb)

peak,max

increased ~1 order of magnitude per month, x20 last month (October)

L., ~42/38 pb! (delivered/recorded) with L ~1.6x 102 cm2 57!

40— Delivered Lumi: 4215 [~ foooeoheeeeeees
- Recorded Lumi: 3766 | .
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-LHCb 1s a FORWARD spectrometer :

- 1t maximizes acceptance for b- and c- decays.... |
- 40% of the b decays in LHCb acceptance, 6(bb ) @ \s=7 TeV ~ 300 pb -

...and has to deal with a HUGE background:
- o(pp ) @ Vs=7 TeV ~ 90 mb
- 30 tracks per event per pseudorapidity unit in low-pileup conditions
—> now this number must be multiplied by a factor 3-4.
- 1/200 event contains a b quark , typical interesting BR < 10-3

T 3

FTH

LHCb Event Display

G

23.9.2010 19:49:24
Run 79646 Event 143858637 bld 19




LLHCb: a forward detector

LHCb: 2<n<6
ATLAS, CMS: n|<2.5

Not only LHCb maximizes the acceptance for b-decays...
..but also allows to study the eta,pT dependence of the cross sections in a region
not covered by the GPD (see after): fully complementary to ATLAS/CMS! 12



1) Efficient trigger:

- to separate hadronic and leptonic final states from the HUGE
background

2) Background reduction:

- Very good mass resolution
- Particle identification

3) Excellent vertex resolution:
- to resolve fast Bs oscillations and separate signals from background

IR \\T
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4// /

23.9.2010 19:49:24
Run 79646 Event 143858637 bld 19




1) Efficient trigger:

- to separate hadronic and leptonic final states from the HUGE
background

2) Background reduction:

- Very good mass resolution
- Particle identification

3) Excellent vertex resolution:
- to resolve fast Bs oscillations and separate signals from background

o el b

) n / 440 um

) o _,./" [(L) =2 5mm
~150 pum

t
“’SOum (L) =~ lcm Note: <L(B)= (Tevatron) = 2 mm
L(B)= (B factories) ~200-250 um




LLHCDb detector: scheme

Vertex Detector: Tracking Calorimeter system
Distance from beam axis 8 mm system -y/e separation
7 . 15
- - LO-trigger
5m — SPD/PS yyoap ”
Magne @l
- T3 RICH2
T Muon system:
RICH]1 )

Ws - u-h separation
verte ‘L TTE 4 - provides LO trigger
Locator ' [ =k ‘ 9 gg

Aol w
....... l{.‘. P! -
= (? N /
—5m L // : b detector a 008) S080(
i ‘_1& = — = : |
I IR R R [ I N S MO NN S N N N HNN SN N B 5
RICH detectors: '™ ol S0 -

nt/i/p separation 14




Trigger in LHCb - nominal

LHCb is optimized to work at moderate luminosity (L ~2 1032 cm? s!) thus avoiding
overlapping collisions in the same bunch crossing (0.4 pp interactions/bunch x-ing):
Input rate for trigger in nominal conditions is ~10 MHz.

max 40 MHz l l i Ml

Level -0

MaxX

<

Hz

HLT1

3

o

kHz

High-Level Trigger

HLT2

Mmax 2 kHz

LO
e, y had

Global reconstruction

8-

storage

Level-0 [hardware]
‘High-pt’ signals in
calorimeter & muon systems

HLT1 - software

Associate L0 signals with tracks, especially
those in VELO displaced from PV

HLT2 software

Full detector information available.
Continue to look for inclusive signatures,
augmented by exclusive selections 1n key

channels.
15

nominal L ~10% ~40% ~90%



Trigger in LHCb - nominal

LHCD is optimized to work at moderate luminosity (L ~2 10°? cm? s°!) thus avoiding
overlapping collisions in the same bunch crossing (0.4 pp interactions/bunch x-ing):
Input rate for trigger in nominal conditions is ~10 MHz.

40 MHz l - l | | Level-0 [hardware]
o ‘High-pt’ signals in
calorimeter & muon systems

Trigger has been re-tuned to cope with the machine
parameters of the 2010 run:

—

high flexibility of the trigger allowed us to manage

)

eo . o .

%" pile-up much higher than nominal !

% 30 kHz  Global reconstruction , , ,

T Full detector information available.

= *% Continue to look for inclusive signatures,
augmented by exclusive selections in key
channels.

A 15

storage nominalL  ~10% ~40% ~90%




Muon Triggers: comparison among LHC experiments

Key channels as B,2pup, B2 K*uu, B, J/ye contain muons in the final state

| Lopteut HLT pt-cut

LHCb pr (1p)> 1.4 GeV pr(1p) > 1.8 GeV + IP ~ 1000 Hz
pr>0.6 +p,>0.5 GeV  2u: M>2.5 GeV

ATLAS/CMS:
intrinsic threshold at pT=3-4 GeV/c, further increased to maintain the muon trigger rate < 50 Hz.

4 LO(1) Muon Tr1gger efﬁc1ency vs pT for J/y=>pu

> T
S 400 - =
_G_J TF '_é —a L = g 1. 1 —:
O - A= * - I -
S0 al N £ . ——————
0.8 ] w -
= - ] S 0.9 | =
0.6 — =) 3
: S osf LHCb =
i —— ] — -
) 0.7 -
0.4f o S LHCb E
<1 =
- = 0.6f Preliminary e Data 3
0'2__ - Simulation ] 0.5 :_ \E =7TeV - MC —:
: '_é_' CMS Preliminary’ \Ig = 7 Tev : o 4 E 3 I I | I 2 Il | 2 Il 2 | I I 3 | 2 Il I 1E
1 1 1 _’_J 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 I 1 1 )
0.0 %16 "8 10 12 14 0 2 4 6 8 1"6

Probe p_(GeV/c) max u pt(GeVic)



key ingredients for b- [c-]physics:
Vertex & IP resolutions

Crucial for time-dependent CP asymmetries: s, v, charm, ...
Crucial for tagging and background rejection.

Primary vertex resolutions

( 25 tracks):
o(x) 15.8
o(y) 15.2
o(z) 91.0

IP resolution vs 1/pT - LHCb -

70

60

50

um

40

30|

20|

——=— 2010 Data
*— Simulation

10k
0

s B B B |

T S B

LHCb VELO Internal

2010 Data:c =144 + 19.5/p_um
Simulation: o =13.1 + 16.5!p1_ uwm
[ I

PRI BT
1.5 2

25 3
1/p, (c/GeV)

60 20-40
60 20-40
100 40-60

IP resolution vs pT - ATLAS

I Ll T 1 1 L T || Ll
5, 040x<B8<050x L=15nb"
i '.. o Data 2010 \[S=7 TeV measured
g "., + Data 2010 VS = 7 TeV unfoided
L 1,
= o,

.,2

10 ATLAS prefiminary .

o(IP) ~ 50 um @ 2 GeV/c

e

4x10" 1 2 3 4567 10

m
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Candidates/(25 MeV/c?)

key ingredients for b- [c-]physics:
mass resolutions

The Y family: Y(1S), Y(2S), Y(3S)

800
700
600
500
400
300
200
100

&)

IIIIIII

LHCb

mean (18)= 94559+ 1.2 MeV/c?

Preliminary )
= 5e7Tev 6 (1S)= (46.8+1.2) MeVic
— Nyignat (1) = 3159+ 78
=5 J-L-4pb'1 Nignal (28) = 789+ 48
= Nignai (3S) = 405+ 39
gﬁ% Y (1S):
= %ﬁ}%ﬁ
= i o(data) ~ 46 MeV
3 ./t o (MC)~ 40 MeV
00 8500 9000 9500 10000 10500 11000 11500 12000

M(up*) (MeVic?)

0.02 GeV/c?)

300

B,2Kmn

LHCb
Preliminary
\s=7 TeV Data

u,= 52762+ 0.0010 GeV/c?
1, = 5.3612 = 0.0020 GeV/c’
o= 0.02300 + 0.00090 GeV/c’

o (data) ~ 23 MeV
o(MC) ~ 22 MeV

51 52 53 54 55 56 57 58
Invariant mass (GeV/c?)

p-resolution Mass resolution
J/ypp

13 MeV
40 MeV
71 MeV

LHCb op/p =0.4-06 %
CMS opt/pt =1-3 %
ATLAS opt/pt =5-6 %
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key ingredients for b- [c-]physics:
RICH PID

Crucial for y from trees [B=>D K], charm physics and b-tagging:

N N Bl - BB - k'K B~ 'K WA, —~ B 5 - 3-body
'k i 3 b e . Combinatorial
Z600-LHCb No RICH - plot with 3 K
g Preliminary . 2
o 900+/s « 7 TeV Data TITT INAass hYpOtheSlS. 3
?m Width ~ 40 MeV P
Q
. i Monte Carlo

¥ 8

L~ 35pb”

s a3 3 la s s ba s lag

PERSE BTSN A B NN BN A AT A = - - Sestenan acae,
53 54 55 56 57 58 = qE===t -  — S aaa= =
lavariont mese (GOVAD %5~ 51 52 53 54 55 56 57 58
m m,_, (GeV/c?)
- ax
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key ingredients for b- [c-]physics:
RICH PID

Crucial for y from trees [B=>D K], charm physics and b-tagging:

B, 4> hh’ peak WITH RICH

. iaso;— -~
No RICH - plot with s Preliminary
S F Vs=7TeVData

it mass hypothesis. Szs0-

u, = 5.2762 2 0.0010 GoVic®
#, = 5.3612 2 0.0020 GoV/c’
o= 0.02300 + 0.00090 GoV/c*

HCb
Preliminary

( 0.025 GeV/c? )
g

50048 « 7 TeV Data g E
S Width ~ 40 MeV Sao0 BO—Kn
£ 400 —_—
@ oot )

200 : ot

Py z 5 N | PP BT ke
0557 52 53 54 85 56 &7 58
Invariant mass (GeV/c?)

~160
llll[llllllll [llllll‘lllllIlllllllllll : '] u‘-5.“12:o.MGQVICZ
3 5.1 5.2 3 54 655 56 657 58 S 140~ LHCD o= 0.02300 = 0.00090 GeV/c*
Invariant mass (GeV/c?) - Preliminary vex = 254420
S 1205 = 7 TeV Data
m "%
T Zoal
r=a @ 100—
uy= 52762 = 0.0010 GeV/c? $ 30:_ BS KK
140~ LHC ! w S

o= 0.02300 = 0.00090 GeV/c’

Preliminary ——
Vg & =

Vs « 7 TeV Data

T T

Events/ ( 0.025 GeVic?)
8

o 8 &8 8 8

BO—Tmr
(BR=5x1041)

lllgll'S

O =51 52 53 54 55 58 57 58
Invariant mass (GeV/c*)

‘ 20

1 x 1 L | | 1
5.1 5.2 53 54 55 56 57 58
Invariant mass (GeV/c®)



key ingredients for b- [c-]physics:
MUON PID

Crucial for rare decays with muons in the final state [ B 4 =2 up, DY 2 pu]

3\1'15:"'I"'I"'I"'I"'

o
)
o

F E > 00— T T T
= 1.1:— [ ] Data J/W detached _: [
'g E ©) MC J/¥ detached 3 Q2 0.05 Data Ks —
= 1.05F - o v MC K
— = = = =
= o o 3 " >
o.esff  °° 3 ¢
0.9F = o.03r E
E 3 vo
s 1 e sdw)
gU2p -, SR
0.75F 3 001 . g
B I ST I o i S SRS SR &
0 20 40 60 80 100 o 10000 20000 30000 40000 50000
Momentum (MeV/c) Momentum (MeV/c)

All experiments use data-driven methods to measure muonid efficiency
[J/w with 1 p identified] and misidentification rates [x2>u, K-> , proton=>pu
by using pure samples of Ks(nrr), p(KK) and A(pn)

LHCb: MuonlD eff > 95% for misID < 1% p> 10 GeV/c

All results are in good agreement with Monte Carlo expectations [ek|




We have all the arms to attack our core physics program:

3. First flavour physics results

c©

First images from the space:

“August 29, 1990: The Hubble Space Telescope
has resolved, to an unprecedented detail of 0.1
arcsecond, a mysterious elliptical ring of

material around the remnants of Supernova
1987A. “




o (pp—2bbX) measurement (@ LHC(b)

Heavy flavour studies at LHC begin with a measurement of the bb
cross-section, as determined from production rate of displaced J/y or D°

1] o (pp>bbX) from b=> JAp X (LHCb,CMS,ATLAS)

 Three main sources of J/:

- direct production in pp collisions Prompt J/ U
- feed down from heavier charmonium states (Y(2S), xc, ...)

- J/Ap from b hadrons decays J/U from b

d Prompt J/4p very interesting in its own right:
colour octect model predicts well cross sections seen at Tevatron but not polarization

2] o (pp=2bbX) from b> D(Km) uv X (LHCb)

22



o (pp=2bbX) from b2>J/y X

] Separation between 2
o
prompt and detached = g Sk Sround
. '2 J/y from b
component: E

— Via a combined fit to mass
and pseudo proper-time

—t, [LHCDb] or txy [CMS] in

pt, y bins
M my,,
t, =12,y —Zpy | —
PV S..\./--épj/lb ( o PV)pZaJ/TP E T T 1
. ---------- > . Ll-cb"‘" |
oy ‘3 v —:_Et—i:¢ e 3
B i, G
A o(b>J/pX) from detached — Z[3 1ok TR g
3 - o :::; 3 —'—-—9—-2—:E:t—‘
component: <|$ 1_: 12522 o,
o(b>JpX, 2<y<4.5) =1.16£0.01+0.17 ub ¢ R e
: vy from & + i
=2 o(pp=2bbX) =295+4+48 pb wi—————p———7——,973



Prompt and detached J/w production:
comparison LHCb-CMS

Acceptances for LHCb and ATLAS/CMS:
<€

+ == LHCb 14 nb! (ICHEP10)
. ™ = = LHCb 5 pb (today), 35 pbtanalysis ongoing
1 wammmmmsm ATLAS/CMS

d’c/dyd(p;) vs py: Comparison LHCb-CMS in the overlapping region

g 10? %‘é‘m —=— CMS 1.6<lyl<2.4 (0.3 pb™ % 10* w’#‘ —5— CMS 1.6dyl<2 A (0.3 pb°
= ! yl<2 4 (0.3 pb™)
15:'- .‘h’;‘—‘ —— LHCb 2.0<y<2.5 (5.2 pb™ % .{#‘ —%— LHCD 2.0<p<2.5 (52 pb™)
2 [ t +
s g

§§ 10 t 10 ++

: +++ Jhy from b ; T Jy prompt

] 1= 3

15_ ’ - : L L L Loay ol

L L LAl 1l l LAl 1l L L Ll 1l L L L Ll 1
| Lo b v by ° 5 10 16 m ” m
0 5 10 15 20 . 25 30 35 p. of J/y (GeV/c) 24
p, of J/y (GeV/c?) ¥




Prompt J/y production:
comparison with the theory

< 10!
Comparison with three models: 3
1) LO and NLO NRQCD g
(Non Relativistic QCD summing color g "
Singlet and color Octet) fﬁ; "
2) NLO CEM (Color Evaporation Model)”

107}
The NLO NRQCD model seems to fit
data reasonably well in the high p; 2
region, though the uncertainty 1s much %
larger and there is a clear problem at low pr -
£

=@ LHCD (2.0<y<4.5)
NLO NRQCD (2<y<4.5)

i LO NRQCD (2<y<4.5)
**
- LHCb
- Preliminary
b o - -
J L-52pb

5 i (; g 1.6 1'5 1l4 1.6 1.9

P of J/y (GeVic)

?5—

~—8— LHCD (2.0<y<4.5)

m— NLO CEM (2.0<y<4.5)

LHCb
Preliminary
Vs =7 TeV

J L-52pb”

107 g e
P of J/y (GeVlc)




o (pp=2bbX) from b2>D(Kn)u v X

Use b>DYKn) uv X decay (BR=6.82 =+ 0.35 %)
Signal: measure right-sign D°u combinations, where D% K nt
uses tracks forming a displaced vertex with respect to the primary one

The two types of D° produced are prompt and from B’s:

—> can be separated statistically by examining the impact parameter with respect
to the primary vertex:

—~ 30

30

LHCb ' ' '
25 Prf;:ir‘i,r:)a:'y
wf T Pro: high statistics

Cons: dependence on the

LHCb

Events / ( 4 MeV/c?
S B
o
-
o
3
5
o
<
H
Levaline,
Events / ( 4 MeV/c?)

5 1 value of the fragmentation
"’ gt b T o
ocH 1800 18150 119.;(1; ILuLlAl [ ‘18'01(% Al ll‘:;.'b() l 1900 1950 fraCtlons.

T 2
Im(K-®*)-m0|<20 MeV m(K'z*) (MeV/c®)

30— ILP'IC'b ........
Preliminary
VS =7 TeV Data

VW P (K-nt)-mgo|<20 MeV

LHCb
Preliminary
Vs =7 TeV Data

Events/(0.5)

Prompt DO

26
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o (pp—=2bbX) from b>D(Km)uX

Use b>D%Km) uv X decay (BR=6.82 + 0.35 %)

Signal: measure right-sign Du combinations, where D> K «t
uses tracks forming a displaced vertex with respect to the primary one

The two types of D° produced are prompt and from B’s:
—> can be separated statistically by examining the impact parameter with respect
to the primary vertex:

Results:

o(pp—~2bbX in 2<n<6) = 75.3+5.4+13.0 ub
In 4m:

c(pp 2bbX) = 284+20+49 ub

Physics Letters B 694 (2010) 209.
(Based on 15 nb of data; updated
measurement with 35 pb~' ongoing)

2 3 4 . 5 6
Theory | (MCFM): Nason, Dawson, Ellis 27

Theory Il (FONLL): Nason, Frixion, Mangano, Ridolfi



averaging o(pp—2 bbX) results:

All measurements of o(pp—=> H,, X; 2<n,<6) are compatible:
—> determine weighted average of J/y and D°uvX results
—> use MC and Pythia to extrapolate to 4:

preliminary [ub] [ub]
[nb]
2-6 89 70

774+4.0+114

all 292415443 332 254

Theory I: Nason, Dawson, Ellis
Theory Il: Nason, Frixion, Mangano, Ridolfi

All the LHCD sensitivity studies at Vs=7 TeV assumed o(bb) = 250 ub

so all the yields quoted are in the right ballpark!

28



4. Prospects 1n flavour physics (@ LHC

Unitarity Triangle from tree-level processes

Before Hubbl

... sharpening the picture...




Setting the CKM scale: y from trees

Assume NP negligible 1n tree decays and fix Unitarity Triangle
parameters from tree-level processes:

http-//www.utfit.org/

Tree decays w/o NP can determine:
|Vud |9 |Vus|9 |Vub|9 |Vcb|9 and Y

v [together with |V ,/V || provides
the SM signpost to be met by any NP
model.

Present accuracy by direct
measurement of y from tree process
B->D K is still poor:

Y (WA) = (70 21_55)°

Current tension (sin(2) & g, ) calls for precise y determination 79

—> Milestone of the LHCb program



Measuring v (@ LHCb

Milestone of the LHCb physics program is the measurement of ‘B> DK’ direct
asymmetries which are sensitives to the unitarity angle vy

{ b TSI}K_ B-{ b g }BO Weak phase difference =y

10 S 17 - ot
. ﬁ}D 5 ﬁ}K Magnitude ratio = 15~ 0.15

colour-allowed colour-suppressed
Final state common to D? & D%ar: GLW : DY decays into CP eigenstates

K, KK, r, Ko, Ksnr, KsKK...  ADS : D°decays to K = * (fav.) and K+n-(sup.)
allows for interference > y GGSZ : D' > K¢nr (interference in Dalitz plot)

These decays are self-tagging:

- no need to do a time-dependent analysis

—> only need the ratio of the different decay modes
Extract vy, rz,0gsimultaneously!

Crucial role of hadronic trigger and n/K separation in this analysis 30



LHCh
Measuring v (@ LHCb -

~ 1 tb-! already offers possibilities to improve on knowledge from B factories

LHCb expected yields at 7 TeV, 1 fb! < 250 . T
1 ~ + 0 ; LHCb
Assuming r;~0.1 (0.4) for B* (B?) 3 200 B2>D(KK)mt Preliminary
. © 35 b-1 \s = 7 TeV Data
Channel Expected event yield = 150 P
B__)D(KK)K_ 2000 : m, = 5275.23 + 0.90 MeV
2 g = 17.117 £ 1.653 MeV
B_ D K_ 750 g 100 G, = 53.839 + 13.227 MeV
—D(nn) T Ngigna: = 1035 + 54
B—D(Kn)K- favoured | 20000 50
B—D(Kn)K suppressed | 400 S A

mg (MeV/c?)

eg. ‘ADS’ suppressed B->D(Kn)K == [HCb expects ~80 of these events with 200 pb!
mode just beyond reach of B-factories

|||||||||

= BaBar, EPS 2009 Eg'fomm Combine all considered B->DK measurements
L j{ H } | / and time dependent approaches from B, system

£ _J_ _I_ o Y R
E iy 5 J-
TY TATETIRY MU TTTR PRRTE (R YTy TRPTT r a .I-
B r

Events/( 0.0025)

Events / 12.5 MeV
>

Lnboboboabial

oyt ~ 10 ° with 1 fb! [end 2011]

st b, A
Slice NN>0.94 Mg (GeV/c?) e M ST

0 0.1
AE (GeV)




CPV 1n B, mixing:
...the (still) unresolved saga...

¢ The observable weak phase is: ® = @M + PP

¢ In the Standard Model 1s small
OMBs—>Jy ) =2 arg(V *V )-2arg(V_*V_ )=-2ps=0 (A%

VoM =
| = =22 - é,\" A AN} (p = in)

)
1 1

-

M +44%) AN

1 - ) . )
-A+ ;.-l‘/\"[l - 2(p+in)) ] =%A® -

]

-

. 1. . - : , I
AN = (1= X p+in)] AN + AN = 2(p +in)] 1—;.4-,\‘

.. and well known:
OM(Bs—J/y d) =-2 Bs =-0.0368 £ 0.0017 (CKMFitter, summer(7)

¢ In presence of New Physics:

O(Bs—Jy ¢) =-2ps + PV




CPV 1n B, mixing:
.the (still) unresolved saga...

 The weak phase of B, mixing 1s presently under investigation at Tevatron via the
time-dependent study of the B;2>J/yg decay [A, ] & via the semileptonic
charge asymmetry [a ]| (same-sign muons).

* Several new results in 2010: ay by DO [ ~3c deviation from SM] + update A,

by both CDF and DO [agreement with SM at ~1G]

CDF Run Il Preliminary L=521fb' Preliminary D@ Note 6098-CONF
0.6 —— 95% CL 5 T 04 E D@61 ! 6, =-042%0.18
- —— 68% CL ; d2= 3.01+0.14
0.4  — SMprediction -é By~ I/ AM, = 17.77+0.12 ps~
o
<

— oot 02 @ — 68% CL
8 = +SI\ — 95% CL
- OO0~ S ____________ 00 -~ ===zz -7

-0.2- 02 Adjusted for stat.

coverage and systematic
certainties

(]
[
|
—
(8]

8. (rad) J/#[r&d] 3 2




B, mixing phase in B,2J/y ¢

The channel 1s complex....

two particles [B,,B.bar] decaying in 3 final states
[2 CP-even, 1 CP-odd]:

—> initial states must be tagged

—> final states need to be statistically separated through angular énalysis

... and the extraction of the phase experimentally
very challenging:

Most critical parameters are mistag and proper time resolution

=> sensitivity on 2, goes as ~ (1-2w)? exp (-Am *02(t)/2

33



B, mixing phase in B,2J/y ¢: selection

— T
+t>0.3ps

s T

ion | LHCb

@ Selection is cut based, 250f- Preliminary o = 877 +31.59
optimized for $/v/S+B \s = 7 TeV Data

200
@ Unbiased selection

@ No cuts on IP, decay length, etc
@ Significant prompt background B/S ~ 3 100

@ Yield ~ 30 k event per fb~"'
@ Rely on kinematics & PIDs

O = 7.28 + 0.24 MeV/c’

150

50

o 2 2 " " " 2 2 2 2 2
5300 5350 5400 5450

LHCb: yield for 200 pb‘lz -6k Jhyo invariant mass (MeV/c?)
[comparable to CDF @ 5.2 fb!]

LHCDb vs CDF: x30 in statistics:
x3 for the bb cross section
x10 for trigger-acceptance. 34




B, mixing phase in B,=2J/y ¢: tagging

@ Tagging optimization in
B’ — D* pu'tu,
@ Fit for time evolution
— extract mistag rate from oscillation
(cwg(1 — 2w)? ~ 60% of MC
expectations)

@ Opposite side tagging'’s calibration:

@ Count the right/wrong tagged events in
Bt — JK

@ Fit for time evolution in B — JAapK*?
— extract mistag rate from oscillation

@ Same side tagging’s calibration:

@ Fit for time evolution in B! — D, =+
— extract mistag rate from oscillation

~ —1
Lim ~ 2pb
1 E LHCS Pesliminary
1 Va=TTeV
L § T
i 'v{’x
o

~ —1
Lint ~ 33pb

Events/SMeVic?

-k o ek ek

. b
LHCb 2,
Preliminary Mo * 50040 04T

NE T TV Dot o 07 £ 01 M

E

nn 2200 N
JivK' invariant mass (MeVic’)

T
q_-«lo”
n_.ﬂaiw

Vau7 Tev

£ overits / 16MeV

?  J ] 0
peoper wee i

LHCb o 3
Preliminary || Moo men

e 01 A

4

'S A A A
w500 nn 0o NN

MoK invariant mass (MeVic’)
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B, mixing phase in B2 J/y @: fit

| jroper e | | conw |

: I wE ) v oot
@ Unbinned likelihood : A N — omn b .

N ; L
L =[5 P(Xe, Aphys, Aéet) a0 ~t

$) Xe proper time {, decay angles (2, ok W, ™ w"“"‘“‘“ SUUPRPEIRSy
B? mass and initial BY flavor I Mudlc] =

' ] S S 1) 'l‘l'i‘”-x't“«i'c“‘u Q¥ J T R T T

Q Aphys = ’ Pt =) -

{‘DJQJ’ rs Ars’R_L % 6_]_ 5”~An’k} tng . =

\'i"q'.".."ht" 2 .‘-’l,l’!\'-w' " 48 ”N
zn’nl M s s 400t ""_"..\ o Ve
) ) m; ’w ) \0.‘,.’\....' ok ‘«_.‘.n/

@ g mass resolution om, propertime ™\ e i
resolution o, mistag rate w, F ' L A S et e
background properties N "‘:.\\ A

@ Angular distortion corrections e N e ™ I

. . . ""{ u )
All details in arXiv: 0912.4175 | VTR Ve LR ——

LHCb toy MC, LHCb-PUB-2009-028

Totat(d"?) ~ 0.07 rad for 1 fb~ 36




o(¢g¥we) (rad)

0.4

0.2

0.1

LHCb: [, sensitivity

CDF 5.2fb™ FPCP 2010

Reality check-list:

0.5

DO 6.1fb™" ICHEP 2010

* Measured bb cross section:
—> consistent with expectations

0.3

LHCb preliminary 7TeV; o(bb)=292ub

— Uncertainties on o(bb)
and BRvis(B2—J/yd)

HCb in summer 2011?

IlIIlIllIlIIlIlIIlIIIIlIIlIlIIlIlIIlIIlIlIllII

 Rate of signal events:
—> Consistent with expectations

* Proper time resolution:
At present 60% worse than MC:
if no improvement-> 30% dilution

*Tagging performance:

01 02 03 04 05 06 07 08 029

1 : :
Integrated Luminosity (fb™) under calibration

All looks very promising
Expect world best result in 2011 from LHCb in 2011 37



New physics in a’, (&/or a) ?

If New Physics enhances CP-violation in B'q—J/y®, it will likely also dominate
over the (negligible) SM CP-violation predicted in the semi-leptonic asymmetry.

Recent DO result shows 3o discrepancy with SM .
(arXiv:1005.2757v1) using inclusive measurement =
of same-sign muon asymmetry A,. 0.01

0

: d s -
A, 1s related to a% and a :

-0.01F
A, =(0.493+0.043) as,+ (0.506+0.043) ad, @O A
-0.02 - » Standard Model
where the coefficients are calculated L0.03[-— B Factory W.A.
using the production fractions .11)@ IBIS:II)? ﬁ X R
measured at Tevatron [PLB 667,1 (2008)]. -0.04-0.03-0.02-0.01 0 0.01

d
asl

33



New physics in a’, (&/or a) ?

If New Physics enhances CP-violation in B'q—J/y®, it will likely also dominate
over the (negligible) SM CP-violation predicted in the semi-leptonic asymmetry.

First signals from 570 nb!
B’ =D X

300
Inclusive method at LHCb 1s difficult due to %‘7 LHCb Preliminary
the ~107? production asymmetry in pp collisions = 2s0 *':;:::f“'“’”’
and control of detector asymmetry. % — Double-charged
3 B — DV X"
LHCDb proposes to measure as, - ad,, by 2 (8, 0u)
determining the difference in the asymmetry [

measured in B.—D (KKm)uv and 100

BY—D*(KKm)uv:
—> difference suppresses production asymmetry 50
—> same final state suppresses detector biases.

o L L L 1 ) 1 L L
-200 =100 0 100
KKr Mass - D] Mass / MeVc™

39



New physics in a’, (&/or a) ?

If New Physics enhances CP-violation in B'q—J/y®, it will likely also dominate
over the (negligible) SM CP-violation predicted in the semi-leptonic asymmetry.

Inclusive method at LHCD is difficult due to
the ~10-? production asymmetry in pp collisions
and control of detector asymmetry. 0.01

w5

9, 6.1 fi’

LHCb expectation with
1 fb-! (stat error only),

LHCDb proposes to measure as, - ad,, by 0
determining the difference in the asymmetry
measured in B.—D (KKm)uv and

-0.01°F

"—D"(KKm)uv: 0.02F
—> difference suppresses production asymmetry - LHCb MC

—> same final state suppresses detector biases. -0.031 IC? -1fb-! /,;;ff’”
,,,,,,,,,,,,, .

This method provides orthogonal constraint / -0. 04 -0. 03 0.02-0. 01 0 0.01
to DO di-leptons.

kY



Rare Decays @ LHC

Back to FCNC processes....
—In SM only allowed at loop level

—> powerful probe for possible NP.

The FCNC processes can be described by an effective Hamiltonian, in the form of
an Operator Product Expansion:

Tree

Gluon penguin

Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin

|
A
o

2%y vi S w0, +Cla 0w ]

V2 :

Heff =

S S N S

R R R Y
e
S

left handed part right handed part

New physics modifies the Wilson coefficients affecting observable quantities as
BRs [ex:By2uu] (C,, C)), Angular distributions [B;2>K*uu] (Cy,C,p, C,)
and Polarization [B,2>@y] (C,). 40



B~ pu: test the (pseudo-)scalar sector

*Highly suppressed in SM: EEEh
FCNC + helicity suppression (C,, dominates, Cp, Cs negligible):
BR =[ 3.6 £ 0.2] 10~ [Buras et al., arXiv: 0904.4917v1 Ho A0
*Test the (pseudo-) scalar penguins: X
—>Can be strongly enhanced from contributions Uct
from Higgs sector in New Physics models [in particular
for large tanf]:
-eg: in 2HDM-II BR~tan*p, is MSSM with R-parity BR~tan®$
MSSM Higgs Bosons z F .5 0o O
] ) “ s50F CLIC CDR B¢ =
Talk at P5 meeting, Washington D.C. 15/10/2010 : 0.8
V=T Nomandard Thges Serchs 10T T mpry " SVI-Tie T Novandard iees Serehes 100" 15 mor 40 o 2)(10'8 S 0.7
< 1x103 0.6
*F .’» 5x10° gi
20 - 0.3
10 - SM-llke S gf
R __

0 100 200 300 400 500 600 700 800 9001000
Interesting tanP region around m,/m, = 35. MA [GeV/C ] 4 1

15 Oct 2011 Denisov/Punzi/Roser/Séldner-Rembold



B~ pu: current results from Tevatron

e Limit from Tevatron at 90% CL:
o CDF (~3.7 fb1) <36x10”° (@90% CL) ~ 11 times higher than SM!
o DO (~6.1 fbl) < 42x10° (@90% CL)

Upper Limits on BR(B_—u*u’) at 95% C.L. at Tevatron

—
S
&

D@ prel. 6.1f6" Exp.

10-7 : O CDF pub. 2fb™ Exp.
— ® COF pub. 2fb" Obs.
= A CDF prel. 3.7fb™ Exp.
=
T A CDF prel. 3.7fb" Obs
a” O D@ pub. 1315 Exp.
N
% B DB pub. 1.3 Obs.

{> D@ prel. 4.875" Exp.
*

D@ prel. 6115 Obs.

i.llq ----- CDF projection
Integrated Luminosity [fb'] |- D@ projection

=

o (Observed limit at Tevatron, worse than expected... however it has always
been like this! 42



B~uu @ LHCb

LHCDb approach is philosophically similar to Tevatron’s:
loose selection and then construction of global likelihood,
which 1s built from:

Mass:

Power determined by the tracking system resolution/alignment:

Geometrical Likelihood

Quantities where the vertex detector provides the main
discrimination: impact parameters, isolation, B lifetime, vertex >

6000 P ;
%5800 °°; '.' - . Sensitive 10°L Geometry Likelihood}__ D sie
= >t ] | [Bip, tau, minIPS, vertex, isolation]
P5600 . region: 1024] - background
S - o 1 - signal (MC)

D REGION

10

L TITIT [

o_
of
of
N[
of
wl
ofF
N
@]
@]
N
@]
N
@]
o))
@]
[od)
Q |
r‘ -
T

05 06 07 08 09 1
Geometrical Likelihood



B~uu @ LHCb

LHCDb approach is philosophically similar to Tevatron’s:
loose selection and then construction of global likelihood,
which 1s built from:

Mass:

Power determined by the tracking system resolution/alignment:

Geometrical Likelihood

Quantities where the vertex detector provides the main
discrimination: impact parameters, isolation, B lifetime, vertex >

Observation then turned into limit or BR measurement after comparing
with known control channel, eg. B*—J/yK" [knowledge of /1
required, LHCb method in arXiv: 1004.3982v2] or B,2J/y¢ [no
problem with fragmentation fractions but larger error in the BR,

expected 10% statistical error from Belle @ Y (5S)]
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B—>pp (@ LHCD: calibration of Likelihoods

Mass pdf - background Geometrical Likelihood - background

LHCb
Preliminary

Ve=7TeV, L-20 pb e Datn

FIFTITT

Events/26 MeV
3

& B

- bb=2pp MC

0 0.2 0.4 0.6 1
smeared
Mass pdf - si gnal Geometrical leehhood( s1gnal
— [7)) T T T 1 T T T T T T T _=
% 700 -_— LHCb o= 244 + 2.6 MeV/c? -.qé; 045 —E
> - Preliminary N, = 126+ 31 > 0.4 =
g 600 \s=7TeVData N, = 14530 2 E
0 R N, o= 6052+ 209 o 0.35 =
500 Ny = 1385157 S 03 O =
; 00 E- c_argus = 0.0021:+ 0.0040 ._g ’ I =
- my, = 5276.6+ 4.3 MeV/c® O 0.25 =
§ 200 - My, = 5352.8 4 3.8 MeV/c? g E
w -1k, = -0.0012104 + 0.000097 0.2 -
200 = 0.15 =
B — oy — 5855 ——5a50" 0.05 _;45
Mev[cz 0 i i i 1 i 1 1 | 1 1 1 | 1 L A 1 A A [
M { ) 0 0.2 0.4 0.6 0.8 1
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B~ puu @ LHC: perspectives

In absence of signal, 90% C.L.
limits:

LHCDb expectations [6,,~290ub]

- Current limit improved with ~0.1 fb-!

- Expected Tevatron limit (~2x107%)
reached with <0.2 fb-! (early 2011)

- Exclusion of significant
enhancement from the SM (7x10-%)
with <1 fb"! (end 2011)

CMS expectations [6,,,~500 pub]
BR<1.6x 108 @ 1 fb!, 14 TeV
[CMS-PAS-BPH-07-001 (2009)]

BR(B"->u'1i) (x107)

50 -

[ ]

Exclusion limit at 90% CL
at Vs=7 TeV

DO (6.1 fb?)

\ CDE (6.1 fb)

DO (11 fb?) |

@3.5+3.5TeV iy

0.

Early 2011

0

0.1 0.2 03 0.4



Intriguing hints from B—K®I*T-

l+

Forward backward asymmetry in  ” ’ 6
BY—K*1*1- is a extremely powerful o 4 %
. . backward T forward
observable for testing SM vs NP !
v (o (s =m, ) =
N, + N,
d’B(B—K'u u~ |
FB:deOiG b sgn(cos@) o Re{C;y"[q2CqsMM(q?) + r(qD)C,] }
= |
0 = angle between i & B in the dilepton |— y penguin [dipole] & b—sy
rest frame —
v peng. [vector] + (Z & box)
q?= dilepton invariant mass Pe

—— Z peng. + box [axial]
 Interference of axial & vector currents = direct access to

relative phases of the Wilson coefficients.
e Uncertainties of hadronic form factors under control in the low-q? region.
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Intriguing hints from B—K®I*T-

Forward backward asymmetry in % 741 *
BY—K*1*T- is a extremely powerful - forward A

observable for testing SM vs NP

AFB s=m’ -

o NF + NB
Early results are showing intriguing hints....

T

1.2
1
0.8
0.6
g 0.4
100 K* |l 0.2

[75% of data 0
-0.2
100 K*Il 04

4.4 fb! DY S
: ! 0'60246810 2 14 1 18428

I‘II|

C C SM
CyCip=-C C10
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SM : ‘
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—

B —K*ufu @ LHCb

Forward backward asymmetry i1

BY'—K*I*I- is a extremely power

observable for testing SM vs NP |

o
backward

App (

S=m"

l+

e
K K~
7+ forward
9 ) _ N F N B
“H ] Ng+ Ny

Main experimental problem: control of acceptance biases introduced
by detector acceptance, trigger and selection:

—> use topologically similar and abundant control channels as D> K nnn:

0)

Events / (1

2000

1000

3000

LHCb data:

D> Knrut

mass peak selected
By K*pp-like

Y A
1850

M 1 I 1 FRREEE T N TR TR T T | 1
1900 1950 2000
DO Invariant Mass (MeV / ¢?)

Good agreement data and Monte Carlo:

— The angular biases predicted from MC are reliable

Events (a. u.)

0.01

o
=
@

o
=}
X

it %b*f***ﬁ !

O distribution:
Data MC comparison

iy
iy, |
#
+h
+

-
-

& 05

05 1
cos(Psuedo 6)
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Intriguing hints from B—K®I*T-

Forward backward asymmetry 11
BY'—K*I*I- is a extremely power
observable for testing SM vs NP

%
b

A s—m )
utu

74 K
forward

N+N

. and LHCb can help in understanding further the situation!

9 (oo 2 1400 K1l 1.2
1
0.8
=y 250 K* |l 08
<] .
[80% of data] § ¢4
T e 100 K* 0.2
a/ [75% of data 0
100 K*|| _gi
[4.4 b7 o
-0.6

T ] LI T LU I:T T 1 I | R | 7]

- :T T L I T ‘T T ]: I T ] :
= SM ; ¢ 5 —
— C C SM L u 7]
= CoCyp=-C ClO : | o E
- . S > -
= ' v T 2]
— : : o =
Ldy N .

— . | G e 3 8 2l
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— — L ONA | 5
1.1 . <G CSM e
Y s -, Al
S LHCt ; E
= | | Loy Ly oy | Ly
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Prospects in the Charm sector

Charm physics has been for many years shadowed by the successes of

K decays and B decays, due to the fact that:
- the GIM mechanism is very effective in suppressing the FCNC transitions;
- long distance contributions prevent the evaluation of the AMy;
- insensitivity to top physics in the loops.

However, large D — D? mixing discovered in 2007 and good prospects

for the study of CP violation in charm gave new impetus to this field.

“No-mixing” excluded at 10.2 6: All measurements consistent with no CPV:

— — 15

§ f Q EP;ZOOS- .
XS s orv atowsd | & Present constraints on
s | ; CPV weak because
0.5 .
: CPV ~ xp sin(2gp)
% and x,~1%
| =i —>required sub-0.1%
4 no mixing 52 : | precision for CPV
E T mse bbbl L) SeNSItIVItY!
-1 -05 0 0.5 1 1.5 02 04 06 08 1 12 14 16 1.8
X [%] la/pl
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Open Charm cross section

Statistics at the LHC is not a problem....

Putting together:

DK =,

D* > K an

D* 2 DYK ) n

D">dn

and extrapolating to 4m

we get:

o(pp—=2cc) =(6.10 £ 0.93) mb
x 20 o(pp—=2bb) !

10° b
10}

107 F—

1

D+c.c. cross-section

lllll (BN LR LR LR LN B UL R

[ —@—LHCb Preliminary

Pythia(LHCD tune) E

LHCb \I§_7 TeV i
20<y<25 1

1F —e—LnCo Preiminary

vvvvv L LJLJLIL BLIL L L

LHCb. \J§=7 Tev ]
25<y<3.0 :

-
1

- —— Pythia(LHCD tune)

—@—LHCb Preliminary
Pymm(l_HCb tune)

"BAKetal

—@—LHCY Prefiminary
% | — Pythia(LHCD tune)

LHCb,\'s=7 TeV ]
3.5<y<4.0 !

—MCe(al | | | Loy i3 Ll | | |
- " lHcbNsrTev P12 3 4D p6 [GZV/cig
F 4 0<y<45 £T
i Theory calculation by
E_—.—LHCOPrelImImry M. Cacoiari, S. Frixione,
ot emratan M. Mangano, P. Nason,
AR TR G. Ridolffi.
0 1 2 3 4 5 6 7 8

P; [GeVi/c]
o(ce, DO) = 1280 £ 36 £ 151 £+ 150 b = 1280 £ 216 ub
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Charm mixing studies at LHCb

Example mixing analysis is measurement of “y.p,”, which is DY width splitting
parameter modified by CP-violating effects. Comparison to pure “y” measurements
probes for CP-violation, as does measurement of pure CP-violating observable A

Ycp: compare lifetime of D—CP-eigenstate,
eg. KK or mu, to D’—non-eigenstate eg. Kt
[untagged samples]

(a) KK (b) K1t

Events per 61.5 fs
Events per 61.5 fs

 T(K™7T) . o
Yyop = (KTK-)

Belle, PRL 98 (2007) 211803

A: compare DY and D'—KK lifetimes : 7
[tagged samples] ; &
Ap = T(EO — KTK*) —7(D" —» KTK7) . Bl
T(DO — K_K+) + T(DO e K+K_) -2000 0 2000 t(:g)o(,

yep: current world best by Babar (2.6 M Kzt and 260k KK 1n 0.38/ab
—> Statistical precision 0.22% (PRD80:071103 (2009))

Ar: current world best from Babar+Belle (180k tagged KK)
--> Statistical precision 0.25%




Charm mixing studies at LHCb

N/ 0.25 MeV

| ™ é
—=10° ‘ |
o 10
' N
=10% > o108/
e Z ) '..'
0.14 L Ny 014 0 Am [Gev)
~ " 10% -
%J Enough events for competitive
” f\ ycp, Ar measurements in 2010
N =108 data - 2011 data will increase
S 4 A this again by more than an
Z order of magnitude

'..o Py .,
» '. ot
»
4.
Mz )

0.14 0.15 Am [Ge\/]
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Conclusions

*Flavour physics in the LHC era is an excellent window
for new physics searches fully complementary to the direct
searches approach.

LHC and LHCb are performing amazingly well.
—> First results show the excellent quality
of the data collected so far.

*With the data collected in the 2010-2011 run

LHCDb will have competitive results in

the measurement of y, B, pp , B, K*pup

CPV violating phase in B, mixing, CPV 1n charm

which will allow to clarify better the already observed

anomalies in the Standard Model picture. 55



Remember that also the Hubble Space
Telescope had a problem at the beginning ....




Remember that also the Hubble Space
Telescope had a problem at the beginning ....

wwa [ asturadPincom

... but after the fixing it produced images
of unprecedented clarity and sensitivity!

Thank You!
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B— KTT

.g F
600 LHCb
Preliminary

gsoo VB = 7 TeV Data
™
=300

m’f

100

55 56 A0 A8
Invarisnt mass (GeVic)

Cross feed backgrounds

ﬂ.sbs.l/

Tail due to FSR

LHCb: -0.0862+0.033
HFAG: -0.0981+0.012

Né w7 eV Datn

Events /( 00228 Gevie? )

Kt

I S Y R Y R ¥ R S
Iwvaniast mass GeVie?)

B./B® yield = (10.7+2.0)%

LHCb

-

n,= 5.27570 + 0.00082 GeV/c’
n, = 53651+ 0.0015 GeV/c’

o= 0,02201 = 0.00062 GeV/c’

AZ” =-0.0862 + 0.033

cP
Agw oy = 0.028 = 0.030
A oy big = ~0-005 = 0.13

v, = 1436+ 49

Cross-feed backgrounds at the same level of
combinatorial with PID cuts in use

Direct CP violation
N(Eﬁ —=K=x +)—N(B: —’K’:r')

(Aa')ur - N(Bf _,Kox-).,. N(Eg —)K'Jr+)

LHCDL
Preliminary
Now 7 TeV Dota
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(Acp)raw tO Acp

© A uw=Acr+ Apoa + A | [ He e
Aproq from B> J/ K* 5 Rt
- o Do » = 0 MGTE ¢ 3 0904T
Age: from D decays i
“”.: UnDo¥: 1.14
| Channel | Magnet UP___| Magnet Down

D*+>D%(Kmn+  5.26x10° 4.53x10° - SO,
i
D**+>DP(KK)r* 6.2x10° 5.1x10° 3?‘“ My Mgl el Syt
b | P S S S S
D**->D°(ryn* 2.1x10° 1.7x10°
o K from D°->Krt
K from B+->J/ K+

DKt 3.1x108 2 5x106 oars

6(D%)=(-0.0108+0.0034)

SA(Km)=(-0.0054+0.0034) DA, e
5(B*)=-0.015+0.010 DA, Acp(KK)-Acp(rut)=(0.0009+0.0063) LHCb




hadron from
- fragmentation (K%)
Tagging

[from simulation] -
’,vC)é ignal Bs

} Same side
(SS)

-
r vertex
‘\% charge
\
kaon (K*)
ATLAS: e, i, Qjet (OS). eD2= 4.6% epton (ut et) J ()
CMS: ongoing
LHCb: e, u, K, vertex charge (OS) + kaon (B,) (SS). eD?=6.2 %
€ o= Erag (1_200)2 [%] atag[%] w [%]
Muon 0.75 £ 0.05 6.2 32.6
Electron 0.45 + 0.04 2.8 29.9
Kaon opp. side 1.49 = 0.07 15.3 34.4
Kaon same side 2.13 £0.09 25.5 35.6
Q vertex 1.14 = 0.07 43.3 41.9

6.18 + 0.14 56.6 BSOS

Tagging B > Opposite side




Fragmentation fractions:

B species 70 fractions Tevatron
[%] fractions [%]

40.3+0.9 33.3+3.0
40.3+0.9 33.3+3.0
10.4+£0.9 12.1 £1.5

9.1£1.5 21.4+6.8

At LHCb/ATLAS/CMS these numbers can be different [different

energy, different pseudorapidity region].
The production fractions can be different between LHCb and ATLAS/

CMS.




B~ pp @ ATLAS/CMS

Cut based analysis: separate signal from background by using high discriminant variables
such as pointing , 1solation and secondary vertex displacement:

Eg: Distance of flight and distance of flight significance:

T
"
vy —A)
. c 2
< ; o
2\ e, W

- b)
CMS preliminary
@aSignal
OBackground

S-BPH-07-001 (2009)]

0 05 1 15 2 25 3 35 4 45 0 ~ 40 50
Transverse decay length [mm] l30/°3c>
Experiment N sig N bkg 90% CL limit in
absence of signal
ATLAS (10 fb'!) 5.6 events 14*13_jevents -
o(bb)=500 ub (only bb>up)
CMS (1 fbl) 2.36 events 6.53 events <1.6x108

5(bb)=500 ub (2.5 bb>pp) 46



Tagging calibration [ATLAS/CMS]

sketch of b-decay

* Explicit reconstruction of the b-hadron

secondary vertex via a b-jet. %%..b_demy
* Decay length significance is the primary \

discriminant variable..

CMS Preliminary 2010, \Ns=7TeV, L=15nb "
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+Data
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Charm mixing studies at LHCb

Example mixing analysis is measurement of “y.p,”, which is DY width splitting
parameter modified by CP-violating effects. Comparison to pure “y” measurements
probes for CP-violation, as does measurement of pure CP-violating observable A

Ar: compare DY and DY—KK lifetimes 7(D° - K~K*) —7(D" - KTK™)
[tagged samples] 7(DY - K~K*)+7(D° — K+K~)

vvvvvvvvvvvvvvvv

7000

LHCDb Priliminary LHCb Priliminary

6000 \s = 7 TeV Data E 10000 \s = 7 TeV Data
5000 IL=z1pb" g IL=21pb‘

~ 8000
4000 N,, = 62378 + 512 S N,, = 62378 + 512

Events / (1 MeV/c?)

LHCb @ 100 pb! competitive with Belle:
D9>KK: [1.5-6] x 10° tagged, for &(trg)=[10%-40%]
Belle @ 540 fb!': 1.1x10° [PRL98:211803,2007]



