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A lot of precise measurements are D
available from B-factories and Tevatron
to test the CKM picture of flavour

structure and CP violation. = of

1

0.5 -

S t b
————> ts
B ~ | I ~ n . .
S . i B, However it is expected that New
— ¢ Physics is accessible from box and/or
b g ’ loop diagrams.
:j‘) LHCb aims to find New Physics
RN contributions in these processes.
b T H S
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What'dorwerget trom LHCE?

> bb cross section: 500Hb + Inelastic pp collisions/crossing:
_ _ For LHCb mainly single
LHCb luminosity ~ 2-5 ¢ 1032 cm=2 s°! interactions
> 10— ,
S | 5o
b-production rate ~100kHz <
0.6}

o
~
———

One year of nominal data taking
corresponds to 2fb-’

o
\S]
—

10°! R [ 10
Luminosity [cm-2 s-1]
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A'signal event: B.—= D (KK )K™

Signal side K

proton

¢ ~100 charged

particles in
LHCDb acceptance

proton

Charm vertex

 Excellent tracking, vertex finding
and proper time resolution

* Particle identifiation
* Excellent mass resolution

* Trigger including

low cuts on p,

fully hadronic trigger
 Flavour tagging

Opposite side
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THCh detector
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Vertex

RICH counters . 1 Muon
Locator Tracking .
(Silicon) n/K/p Identification Calorimeters System
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etector inrplace
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FHED performance:

Proper time resolution:

LHCb:

~ 40 fs for (B, - D, n*)

CDF:

8 7 fS fOI' flllly ITCCO  Momentum resolution

decays.
PRL 242003 (200«
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B.-mixing
and

related CP-asymmetries
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NP irom mixing and CP=asymmetries

\
B.—D._x* »CDF: Am = (17.77 + 0.1%t £0.07%) ps-!

Precise measurement of Am; 3 | HCb: Observation expected after few month

+
using B,— D'n data taking at nominal luminosity

\- J

4 B.—J/y®: s tlu) b A
Extract ®, and AT, in golden ; 1) v 0 v _
mode B.— J/y®. B, Wi - W B,
(NP — contribution to box diagram) p : 4 : <

\_ b t () S )

[ Bo00: LA Dy p? A
Measure hadronic b ¢ s b7 5 NE
penguin B.— O. - 3 VO — 3.0
(NP — contribution to BSO g SD® T A g SD®
decay mode?) § 5 § 5

- J
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CP=Vielation iR tne B -system

Decay into a final state f

with CP f — n,f

(assume only one amplitude
contributes to decay)

CP-asymmetry:

"Atp(t) —

['(B; (1) fep)-T(B] (H)—>fcp)

[(Bg (t)— fop )+ (B (1) fep)

N+ sin(@; —2w)sin(Am;t)

For B —J/wo:

ow=0

cosh( Al;St )—nf COS ¢, sinh( ALt

3




NP Dy Iree<Penguin comparison

B,-system: B,-system:

b th \/ts>l< S
} 0) Penguin < g} ¢
- S

O ((tree)-D4(penguin) = 0P 4(NP) O (tree)-D (penguin) = 0@ (NP)
B-factories: And:
Currently: o3 = 8° (2.60) ® (SM) small!
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@ and Al

&
© In the SM:
¢, =2arg[V,V, ]=—0.04rad
Al _ 0.12£0.06
I Phys.Rev.D63 114015(2001)
\_/
f ®
O I new physics contributes to Any sizeable CP violation 1n
B, mixing: B,—J/y® or B—~O® is a
P — O + dyp clear sign for NP!
AT, = Al cos(¢,) )
\—/
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B =) oK KS)

Advantages: High branching ratio
Good experimental signature

b C

L
- 0o =1
S S

CP(J/y¢) = CP(I/y) CP(9) (-1)*

: L=0, 2: CP even } Fina_l i’tate I?
L=1: CPodd a Tixture

CP even/odd

=) | Angular analysis needed to identify CP even and CP odd states!
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BT D) (KK

—

Use angle 0, between J* and normal of
¢ decay plane:

dr
d cos®,,

o QAO(t)z + Az(t)2)2 (1+cos?®, )

+ 1A (1) jsinz Oy

)
A, = 1A, (0) (e — ™ sin(®, ) sip(Am_1)) 3 o
T R EMW
A2 =|A0)2 (" +e™sin(® )sin(Am 1)) | Zae
20 ~.CP even
CP-odd fraction: 2“““5_ \
R{t=0) ~20% (CDF, DO) 1500} R
RT: 0 — CP even 1000%:__________________.___.___I_.________.:_:.___.___ '"bkg!!d'""'
R,=0.5 — Maximum dilution 3 CPodd = e
-1 -0.5 1] 0.5 1
cos(9,,)
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Selection"and signal“decay rate

*Yield:
* B/S:
* <o >

) .
GMass :
* Wtag:

* €

130k events per 2fb-!
0.12

36 fs

14 Mev/c?
33%
57%

Signal decay rates including:

* Trigger and selection biason 1t
« Background parametrization

» Mass resolution

* Proper time resolution
 Tagging efficiency and dilution
* Transversity angle distribution

Rates with resolution and acceptance

_lIIIIIIII[IIIIIIIIIlllllllillllllII
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Projection for @, and Al with 21b™

Parameter Exp. error Channel

Am, 0.007ps' | B DJ(KK m)n" [ control
>

W 0.0036 B.— D (K*K- )r* channel
Z only

Sensitivity can be improved by adding more channels.
Using B,—J/yn, B,—n:0, B,.—D.D, gives 64,=0.021 rad.

~

CP-Eigenstates
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I5.=="0 0" SENSIVILY 10 ()

LHCDb profits from excellent
PID and hadronic trigger!

Distribution from 500 MC experiments:

| Prob 1
Constant 2059 +£1.373

30~ Mean 0.1941+ 0006382

C Sigma  0.1002+ 0.004403

\_

4 »Expected yield: 4000 events per 2fb-" A

»BG estimate limited by MC statistics:
0.4<B/S<2.1 at 90%CL

Events /(0.012)
@ o] ]
T I rTrTrT | TTTT | T

—_
=]
IIIII

> Sensitivity to ¢ is 0.1rad at 2 fb".
» No significant variation as a

function of input ¢, R, and
proper time resolution.

5/21/2007
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06 08
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Baseline physics inputs (varied for robustiness) to sensitivity studies :
9" =02 R =|4 /%ALZ+A02+A,,2§: 025
6,=0,6,=m R, =[4,[ N4 + 4] +[4 =025

I =0.67ps", Am, =17ps" R, values motivated by polarisation
ATl /T, =15%

measurements of B — ¢k’

S.Bachmann/HCP'07
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Rare decays

with 1.)

- (pseudo-)scalar

couplings

J
)
Decay Sensitivity to Example for model
L. By ,—pw large tan[3 CMSSM
2. B,—K'up @- small tanf3 non-MFV MSS
- right handed currents | MIA MSSM
@ SUGRA
3. B,— K™l - no right handed MFV
(in combination currents

5/21/2007

S.Bachmann/HCP'07

18



1. By -

/SM expectation: s e e u*\
BR(B,—p"n)=(3.4+0.4) x 10~ t1 o v _
BR(B,—p ) = (1.0+0.5) x 1010 b ——- R - ——

World best limit by DO:
BR(B,—p*u) <7.5 x 103@90%CL

-~

In Supersymmetry:
Large contributions e.g. by

Higgs penguins ~tan®f, i.e.

BR(B4 ,—ntp-) is very
sensitive to high values

\_ of tan p.




sensitivity by LHED

Main background:

Adressed by excellent

» Combinatoric b—p, b—p mass resolution (18MeV),
»B.* — JAp(utp)uv <——3 vertex resolution and
» B, — h'lr particle ID

BR(B,—p"n) in CMSSM as a

e — ] Function of gaugino mass
I } r -6 - 11 LI LILEL LI LILEL LI LU | -
c? N EHEh h Sensmwtv 10 SRS RS
of o (stqndﬂbkq Is observea‘) - . tanp=10
0 i n — = ]
Ra) N | L L . e tanfi=50.A =0
%5 i " y tanf =50, A =+m,,
10-7 _ \I\ tanp = 50, A, = |
4 . . = J 12 -
DO Ilmlt =] ): . s tanfi = 50, .l'.‘.,:l +2 m,, ]
3 = %aﬁ(.ﬁ . o tanp=50.A;=2m ., |
|“ B o . - . ]
o | R '
-8 ﬁx
T T T O 107 - R T
1year@LHCb | S —
1[]IH‘;HI5HI:;IH4IH$IHEI5IH?IHF_I?,IHEIJHI’]O 10-9 co v v e bvv v P v v e by vy 1y
. ] S Bachmann/H 200 400 go0 200 1000 1200 1400
Integrated Luminosity (fb'1] - m,, [GeV]



3B SK

Z

w ! -
I & HOo/A0?

N

SM prediction can get

Use the ratio corrections (_)f ~10%
by neutral Higgs boson
qTx D(B—Xpt ) exchange due to couplings
ds
d: ~
" " s 100020000 X=K M
T . T ] 0.991 40002 X =K*

f ds dl( B—>Xe‘|'e )

4m,2

Hiller & Kruger, PRD69 (2004) 074020)
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B =R with 216™

33600 B ek| &
Em ;
2500} |
il
m #{#’fﬁ mﬂwqr il W+
1 PO |

05502008 'Eﬁ %300 £500 2800

» Takes into account an
inclusive di-lepton
trigger

» applies Brems-
strahlung corrections

Bu mass (MeV) Bu mass (MeV)
MK (o) J/WK (m) X (0) JwX, () Jfw() bb(a) Sum(4) 0
. . CD
Signal Mean Sigma GRk(sz_l)z 10%
eeK 349+34 5245 MeV 74 MeV 10fb-1)= 4-6%
uuK | 1550£50 5279 MeV 15 MeV Rl )= 4-6%
\/
22
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R e MIFVamodel

K
Assume ¢
o Right handed currents are X5
negligible. )
o (Pseudo-)scalar couplings » 3ed ‘)\Jee\\6 @tgs/\“)
lepton masses ' @ko\u\)a( &00 "
o No CP-phases beyond the e’go? &

SM 13

R,-1 ~ BR(B,—up) 1.2

Hiller & Kruger, PRD69 (2004) 074020)

Predicted by MFV model

N

1.1

LHCDb projection
if SM 1s holds

0.9 b e e e v B e
"0 0.05 0.1 015 0.2 0.25 0.3 035 0.4 0.45 0.5

But we hope for »
10°x BR(BS—)I.LI.L)

something else...
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Conclusion

» LHCDb is on a good track to take first data soon.

> It has a wide potential to search for New Physics
complementary to new particle searches.

» Searches allow to
= find New Physics in model independent analysis,
e.g. by measuring B,-mixing and related CP-asymmetries.

= pin-down the nature of New Physics e.g. by the study of
rare decays.

» The challenge is to achieve that performance with
real data!
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PRYSICS motivation

» A copious number of B-mesons is produced at LHC (10°Hz @ 2x1032cm2s").

» SM contributions to mixing and many decay processes are well understood.
» New Physics may alter SM predictions

@ LHCDb aims to search for New Physics contributions
to loop processes, e.g.

.. s t (cu) b s t b
B.-mixing: ————> ———
sl b (re sl sios O
‘ 1 —-‘ 1 ‘ ol ‘ ; F! ; ‘ 3
b t(cu) s b t s
b — sy: ryj.) (,j./
b E + N
b w- s b Ho s
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1

1] [y 5 e

Proper time resolution:

LHCb:
w| ~ 40 fs for (B, > D, ")
&

CDF:

87fs for fully reconstructes
decays.

800
600
400

PRL 242003 (2006) 2000

6, = 33t1 fs (69%)
c,=067t3fs

IIII|
100 200 300

trae~tie [f5]
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racking

Momentum resolution

-
- L]
RICH]1 Magnet
I
B
Wertex i 2 N
D:tact-::r TT
- o
0.7 T2 T:
E - n) )
P 0G|
i e
u'.5 — _.__-_
- ++
0.4 ;—.**_,1'_"
(%Y=
: opip =
b2 0.35% — 0.55%
“ll :_

zoby

uﬂ:ﬂdﬂﬁﬂ

P spectrum B tracks

PR

8¢ 100 LM 140
r [Ge¥id]




Performance: Particle Identification
) (T RiCH2

'd h

100 e
[ e T b [ |
I el
= 80 HH 1{!-1 ‘\ EFqgili
S
> 60} n—K separation A
5 i / Ream pipe
o | .
= a0f
L L
I \ Spherical mimor
20 - .H Flat mimor
Plana [ t—>K A ¢¢¢¢¢ ¢¢¢+ﬁﬁ\}l+ ;
et I “Wﬁnﬂm“ﬁmﬂww ®
T S S S ST et
_ Momentum (GeV/c - | .
Radiator: ( ) R
Aerogel n=1.03 Unique feature of LHCb 0
CsFio n=1.0014 Radiator: CF,
n=1.0005
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Performance or Velo

Impact parameter resolution:
OIP = 14pm + 35um/p,

160 |
140 |

[
SN
o O

IP resolution [um]
N X
o O

[\ Y
o O

750
500
250

5/21/2007

Up; [GeV/c]_1

i +
_ R
+
++
- *,‘_'
,_4—
- e
;..‘0-
- =‘-“-
-.-,‘:‘-
o e
_7,4'#
-...I. | Ll | NI SR RN
] B decay tracks
:uu..I....I....I....I....I....I....I....
0 05 1.5 2 25 3 35 4
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Proper time resolution:
~40fs (B, — D, ")

=0 o, =331 fs (69%)
- G, =673 fs
600
400
200
905300 100 0100 200 300
T
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Calormeter

Calorimeter system to
identify electrons, hadrons
and neutrals

Important for the first level
of the trigger

o Scintillating Pad Detector /
PreShower

o Electromagnetic calorimeter

o Hadron Calorimeter

5/21/2007 S.Bachmann/HCP'07 31



Mucn Efficiency [%)

Picn Misid Rate [%)

100

[==]
=

MUuon identification

Muon ID efficiency (%) vs pu-n DLL cut

94%

|

I!=ED
8
&

=

(1] a0
Mu-Pi separation

Pion mis ID efficiency (%) vs pu-mr DLL cut

2
18
18
14
1.2
1
0.3
0.6
0.4
0.2

&El

]

1.1%

5/21/2007
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LﬁﬁJJJ
8

Mu-Pi separation
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detector
40 MHz | S0
80 [
high p; (w.e,y,h) [hardware, 4 ps latency] j;:’_:ﬁg
L

1 MHz |

high IP, high p tracks [software, 1 ms] 20
40 kHz | DE§§§§§&§£%’¥‘E&£%§
HLT: software using complete event [10ms] i 3 3 3 = 3 8 2
- ¢ 3338 3
Z storage §
HLT rate Event type Calibration Physics
200 Hz  Exclusive B candidates Tagging B (core program)
600 Hz  High mass di-muons Tracking J/vy, b—J/yX (unbiased)
300 Hz  D* candidates PID Charm (mixing & CPV)
900 Hz  Inclusive b (e.g. b—p) Trigger B (data mining)
5/21/2007 S.Bachmann/HCP'07 33




Flavortagging

» Opposite side Tagging power in £(1-2w)?

= Charge of the kaon in the b— c— s chain | 189 (%) By B
= Charge of the lepton in semi-leptonic Muon — —
decays Electron 0.4 0.7
= Charge of accompanying b jet Kaon opp. side 2.1 2.3
. Vertex charge 1.0 1.0
» Same S|de Same side nt/k 0.7 (n) | 3.5 (K)
= Charge of the K accompanying B, Combined (neu.net) | ~5.1 | ~ 9.5

= Charge of the = from B** — B*r*
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Am, from B> D (K K )K"

B) > D z" ;

>
_ Dm
-has a large branching fraction ‘ °
of (3.4+0.7)x103 ‘

-is flavor specific. @ )
T

Total efficiency: ¢,=0.39%
Signal yield: 140 k + 0.67 k (stat.) = 40 k (syst.)
(assuming 1 year of nominal running,
i.e. 2 fb!)
B/S at 90% CL: [0.014, 0.05] (bb combinatorial)
[0.08, 0.4] (bb specific)
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SENSItIVILY tor A,

> Plot made for 1 year of data : Perfect reconstruction
(80k selected events, LHCb) 1000 + flavour tagging
for Am,=20 ps’! '

+ background

800 + acceptance

» Control of mistag rate,

resolution, background % 600 [t

and acceptance important 3 '

400 [

> Expected sensitivity for 2 fb-1 |

(i.e. year of data) 200 |

o(Am,) =+0.007 ps!
CDF: Am = (17.8 £0.1) ps’! 0

Proper time (ps)
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SensItvity ror New PraysIcs

Model independent parametrization
for New Physics:

—
M, = (1 + h, eXp(2i0'S))|\/| 182M

_

N 100

Dc.r

180

160

140

120

In april 2006, in
first CDF meas

of Am,

Icluding
urement

from hep-ph/06

504112

/ This results in: )
Am, = Am> 1 + h, exp(2i)o,
g, = ¢ +arg(l+h, exp(2io,))
AT, = AT cos*(arg(1 + h, exp(2iasy

o

5/21/2007 S.Bachm:

bu'z

|

O_III

In 2010, with one year
of LHCb data (2fb-1)

from hep-ph/0604112

0.1

0.2

0.3

T T | T T T T TT
h,

0.4 0.5

0.6
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B O(KK) D(KK)

= FCNC (b—s3s)with SM prediction for CP-asymmetry < 1%.
see e.g. M.Raidal, PRL 89,231803(2002)
= Sizeable CP asymmetry is an unambiguous sign for NP.

= Like in B;—J/y¢ a full angular analysis to extract CP-
asymmetry is needed.

= Experimentally demanding, as full hadronic trigger is needed.

Remark:
* In SM B,—J/y¢ and B,— ¢ measure both arg[V,," Vi].

L. Tree L. Penguin

 Deviations point to physics beyond the SM.
 Belle/Babar have 2.7c deviation when comparing tree and penguin decays
of B, to CP-Eigenstate.

5/21/2007 S.Bachmann/HCP'07 38



EVent'selection and sensitivity stidies

Selection:
»Reconstruct only ¢—K'K".

» Full detector simulation including
trigger bias.

» Reconstruction based on:
o RICH K* ID
o pt and impact parameter of K*
and ¢ candidates.
o B,and ¢ invariant mass.
o B, and ¢ vertex quality.

Sensitivity to ¢, studied by toy MC:

- proper time resolution of 42fs.

- proper time acceptance function.

- flat BG in my and transversity
angle.

- mistag dilution: g(1-2w) =9.6%

- exponential lifetime distribution
for BG

E‘nﬁignphi-2110
RMS _ 0.006135
2‘3 D121
> - -
o “F b inclusive
2 ooef- Signal
‘8 0.6~ (Arbitrary norm.)
E
C 0.04
w
0.02 .
Ps7 a8 05101 T2 105 104705108 107
¢ mass (GeV/c?)
Entes |
g F Mean 5.369
¢0.35:_ RMS 0.02572
T
S b inclusive
028 Signal
02t (Arbitrary norm. &
0151 no trigger)
01f- ‘
0.055—
L Al
Qs 52 54 56 58
mg (GeV/c?)

1mann/HCP'07
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magnitude phase helicity flip O;

b— sy acplb — s7) Ay — Ay
B —(K*— Km){ti-
5 — (K™ — K7m)y

b— sy acp(b — s7) Ay — Ao
B —X. B— Ko B — K*¢

b — sete~ I App(b — slti™) I B —(K*— Km){*{~

iTBd.S — T By — 71 b— sTH7~

From G. Hiller [hep-ph/0308180]
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http://www.arxiv.org/abs/hep-ph?0308180

2.) BP= KOs

SM processes contributing to decay:

V;:b t V;:s
S b —pp > p— 5 b >

1 T

Ny
b

b

>
t

s

. S

W
v

\ I
Weo_ oW oy
I ot
v, Z°
-
0 t—W loop 0 t—W box A

BR(B%—lls) = 4.5x10-¢
BR(B*—I1IK) = 0.5x10

Decay is very sensitive to extensions of SM, especially to models with
right handed currents:
Analysis of angular distributions allow to extract this
information about new Physics.
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ODbservables In"B= K

Two observables are of
special interest, as they
have small theoretical errors

BN

0

and are very sensitive to NP: ‘><R
Forward-Backward Asymmetry in 6, "

d°r 0 4T
fﬂ dsdwsﬂdmga I 1ddcosﬂdﬂ}99

."-‘lpg S
(5) = f{} d;{f[ gdfasﬂ-l—fﬂl d‘fl Ticgdcost

Transverse Asymmetry:
(asymmetry in the spin amplitude of the K*)

_ AP -4
AL+ AY

fl?

5/21/2007 S.Bachmann/HCP'07
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AFB(s) in SM and different Non-MFV MSSM with
SUSY models: tan(B) — 5

SUSY | = SUGRA from HEP-ph/0612166
SUSY Il = MIA MSSM . . . .
(from Phys.Rev.D61 (2000) 074024)

b Agls) theory

SUSY I1(C->0, C,>0) B
0.2 — =y

' f/\/ SUSY I1(C,<0. G,>0

\SM,M \ e SUSYI(C,<0)

09 L SUSYH{C\‘D)\ ]
I NN ]

~w”m T

g,

S “‘ﬁ-;;b#
- SUSY L11(C,>0) el

...|...|...|...|._ 05 1 15 2 25
0 2 i M, - [GeV]
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SEelection’or events: B0—>K Jigiin

0 B mass |
Expected yield for 2fb-": | ”N o7
60 \
7200 + 180(stat.) + 2200 (BR) H |
Estimate for Background: at yH Hﬁﬁ
MC Sample No. of events per 21~ %2;36 G isztt') Itzlﬁtll T éaloé\'%sh%h G
Bd,u—sup (no K*) 9+3 : [MeV
b, by 1050250 " jupu mass.
b—p, c—p 690180 H
Total 1770310 "l +

0 500 1000 1500 2000 2500 3000 3500 400[! 45[!0 5000

[MeV]
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A and A2 rom B =K

04—

0.2~

Acs(s), fast MC, 2 fb-!

e
~—

0.2~

041

Illlllllllllll

TN
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Hu

Zero crossing point
is a probe for NP:

O p (2fb™)=1.2GeV?
Oy (10fb™") = 0.5GeV?

1 year of d
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