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Improve precision on CKM parameters

Impressive results from B
factories & K sector

Good agreement with SM

b->s transitions emerging
Tevatron results
Belle

LHCb domain

Strong constraints from SM
on KM sector

Direct y measurement :LHCb
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LHCDb hints for NP |

= Hints for NP contribution in loop processes as tree and box / penguin

diagrams.
* b 0,¢1 § _ ;
AR Ly I e
W — W 0
Bq t At By w BYBY "
W T
B —4—'VVW\JW\.*—1— q . dis) - > ds) T
Vio V;q
EW pénguin Radiative penguin Strong penguin

Oscillation box

« NP from CPV domain precision measurements :

Observe deviations from SM expectations
Confront measurements between channels expecting different NP

interference
— @ mixing phase of the Bs system

— Y measurements

- NP from rare decays high precision measurements :

- Branching ratio
- Time asymmetry measurements
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LHCDb apparatus caracteristics

« High statistics on all b and ¢ species :
_ -1- 1012 hh nai
2fb™1: 10"4 bb pairs K
— Heavy flavor precision experiment B
« Lepton and hadron trigger = K|<+—
 Efficient particle ID - D, .
« Decay time resolution Primary vertex \$ .
« Flavour tagging btag
Kaon identification performance 800/pouble Gaussian fit | ©,=33%1fs Eu:z:
2100 s et T ] | 0‘2:67-_|-3fs(3§ - I
gl TR N g0
s L } ++++++++H 600|- e
: : Ds(KK: o=
" e(K>K):97% 7 w0l .. BO-> J/y KOs
- . o N i I
[ E(TI% K) 1 5% H | Sensitivity: 236k events/2 fb!
£#419 200 02" " _
20— ety VO - o(sin2B) = 0.020
R TUUSEPURIISSUROUPRI St 0 o4l [B factories: 0.025 (850 fb1)]
° . - woram sei®| 308500 —106"(;'100r ES,O S T S S S S S ét(ps';“
proper time resolution ~ 40 fs
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B, mixing phase ¢,
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B, phase @
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V, can be extracted from CP time-dependent asymmetry decay rates :
N n, sin(®_)sin(Amt)

e cos(AFSt/2)— n, cos((I)S)sinh(AFSt/2)

Bs>J/W¥Yn,Bs—>JMW¥n,Bs—>nc®Bd-> Ds+ Ds- CP eigenstate
Bs -> J/¥ ¢ , mixing +-1 CP eigenstate

NP may modify the mixing phase (1)(]32_>. o) = =28, + q)ﬁp
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B, phase @, (2) ‘

Yield o ()
Current results from Tevatron: (2 fb1)

o 1 ’ Jyn, 85k 0.109

ggF —[is [002271 28] @3068%CL \\,/vvluttrr]\ é2 g f];ob1 SVl er 3K o-142
Tt e 2.2k 0.154

Use of pure CP eigenstates statistic limited | — { J/% 7, 4.2k 0.08

.9 3k 0.108

B, -> J/W¥ ¢ large yield, low background DD, ak 0.133
mixture of CP = +1 and CP = -1 states All CP eig - 0.046
angular analysis to disentangle the two states Ty @ 130 k 0.023

SM &4(B, -> J/W¥ ¢) = -2, = -0.0368 + 0.0017

6(AT,/T,) = 0.0092
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With 10 fb-1 6, (®,)~ 0.009

- CP even_ > 30 for non-zero ®; of SM
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Room for NP in B, mixing

The effects of New Physics in the oscillation can be parameterized as:
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(By|M Bq>_&q (B |
AT =Re(A)+i Im(A,) =|A, e"*"“i =r2e" " =1+he""

excluded area has CL > 0.68

New Physics in B -B; mixing




LHCD —
b—sss hadronic penguin decays ‘
5
B, — 00 ot NP
In SM CP violation < 1% due to cancellation of the " Vi # Ny Vi
mixing and penguin phase: Mixing 2 ¥]>@
Ogs ¢¢SM ~ 2 arg(Vys Vyp) —arg(ViVy ) = 0 box B,
A}
_ @
+ NP? 5 f}

In presence of NP expect different

contributions in boxes and in penguins:

NP — NP NP
(I)Bs - 00 q)Mixing B q)Decay

Mixing CP asymmetry angular analysis & time dependance of flavour tagged
events

For 2 fo=" Ggi(9SM) = 0.11
B.—> 00 3100 <0.8

B, related quark penguin

B 0K & B, > JIyK Ba= 0 Ks %20 <1
d S d YRs

expected precision: o(sin(2B.¢)) =0.23
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y related measurements
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o+ Y from B, —» DK
S S S
S K+ B S D+ 5. e.'(): f
JE T Lt S W= N T
Bs { S S }Ds sLS S } _________ S
B 5 5 DK
2 Trees : b->c & b->u interfere through By _S,@\ e/: ’
mixing e B €
Measure @ +y . Ratio extracted from data
% il Yield (2 fbo'') | B/S (90%CL)
§ aoo? TC‘K |d | _ES:BS:
% :Z:é: """" insc|_ bES BS % DSK 6200 < 02
. B, > D, 140 k 0.4
= ol
°: e e oA e 1600
5300 5350 5400 ME_S?h:chz) 1400 ;
Include B, > Dt to constrain Am, 1200 | o
Fit time-dependent rates of B.~D,K and B~Dr 000 1P e ey )
800 | -
Sensitivity with 2fb=1: | Ps* ¥ 9°-12° 600 | :
Am 0.007 ps™ 400 ! )
2 200 7 ,Ds
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yfrom trees: B>DK

« Two tree amplitudes (b—>c & b—>u) interfere in
decays to a common D° and DV state £,

For each mode
parameters Y,(r',,0p)

o P
A(B_ —> D,:}K_) _ rﬂerége_u/
A(B~ —- D"K"™)

» Exploit interference according the
decay mode ( analysis from B-factories).

= GLW : CP eigenstate of D (0 Or— > K-
DO-> K*K/n+n- , KsnO ¢ DK .f D(CP)

A7
pu = ADS : Use common flavor state

- doubly cabbibo supressed D%> K+r- B~ N\ fD(K.,.,,.)K_
Lower event rate / large asymmetry 2

- Favoured mode: Large event rate / N = DOK_
tiny asymmetry J

= -
fD(K-f[+)K

" Dalitz for 3 body decays
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yfrom loops: B® . >h*hr

Interference of b>u tree & b—>d(s) penguin diagrams
leads to CP violation depending on y (Sensitive to NP)

AT cos Amit + A7

A7 (1) =

* gin Amit

( ATl? )
cosh —
2

1h[ ,ﬂ.rrj
2

Adr & Amix depend on mixing phase 28y, and ratio of
penguin to tree amplitudes = d e®

BY >mtr-and B0 > K*K- (d-

U-spin symmetry.

4observables: (Adr & Amix)

Parameters : vy, penguin

BO >ntr 36k 0.5
B > KK 36k 1.5
M.N Minard

>s) diagrams

,(Adir & Amix )kk

to tree amplitudes (d €©) .

Compare to y
from trees to

n penguins
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Tree diagram

i ) + K+
w A, T
B“(Ea”)E b = " )
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Example of penguin diagrams
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yfrom trees: B>DK

B mode D mode Method Yield sensitivity | Paramete
(2fb-1) r :
HLT trigger
B,~D.K KKrn tagged, 6.2K v+2,
ACP(t) K-t PID
B*-D K Kn ADS 56K v Mass resolution
favo 8.2
B*-D K* Kn ADS * 96° Y
tree suppr .
B*-D K* KK/rn counting, Strong phases Y Global fit from
GLW 8.6k ADS/GLW under
dg assumption =35°
Bt >DOKt | K3rn ADS 61K Y R,
B+ >DO0*K* DOn%/DO GLW +ADS 42K Y
Y
B >DO K KKt GLW Dalitz 1.7 18° Y
Combine tree — 2fb"
B >DOK*0 | Kr,KK,x ADS+GLW 5K 6-25 Y a0
o G(Y) 4
B-mr, KK - tagged, ACP(t) 36K 10 v/Bg/ Bs
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Rare decays
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Rare decays seeking for NP

NP?in BR(SM) BR exp @ LHCD

Large
B.—dy 5C7 Moy (57+18_,*12_ )y polarization
On br 106 Belle’08
lar
0 . 8C7,8¢9 « (1.227038 | )10~ ansue
B —>K*utu 6 B factories distributions
) TeVatron
B _)u+u- S-p (335:|:O32)10 > @ 90% CL (2 fbl) BR
S helicity suppressed < 45%10°

coupling
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SM <
§ ——— = ———. —e— "
W i
t“ VLV W
b_;_._w___,_u t

= Helicity suppressed - NP sensitivity
in SM: BR(B,—u) (3.35 + 0.32) x 10-9

® Enhancement from SUSY model :
BR(B,— ) o< tan®p/M, 2

Sensitive to new physics coupling with
Scalar & pseudo scalar

EXx:
Possible enhancement
BR(Bs>p+u-)~20x10-°

J.Ellis et al. arXiv:0709.0098v1 [hep-ph] (2007)
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B — uu

Analysis relies on : (arbitrary
Geometry Likelihood (GL) : - | normalization)
geometrical properties ( muon IPS, ‘T o
B lifetime, isolation, IP) | signal
Good mass resolution ” T ————————

Particle ID : DLL (u-rt) & DLL(u-K)

- Sensitive Region: GL > 0.5 10
- Statistical method applied to separate signal from
background o0l 02 03 o4 05 06 07

GL
SM BR, in 2fb" ~21 signal events

~172 background events

Major uncertainty on BR from relative B ,B*hadronization fractions ~14%.
Bs branching ratio determination useful
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Bs — uu

100 - v T T T T T T T
- . —
= <+ | Expected CDF+DQ0 limit 8fb-1
2 10
T 1 1 5 ]
o 3 1 | 90% exclusion
s s SM predicti@
=
1t:ll:l o1 @z &3 04 05 Main uncer'TainTy
- L'ﬁ’ hadronization fraction
= 104 i
— i
3
= R | < Within SM BR:
i e e ey Mol N M e —1 :
{éh RN R e L e, SM predicHEi 2 fb~' = 30 evidence
= i i =l 10 fb-' = 50 observation
T =

A1 I EI' I ; : é I 3 : :l I g . L I ¥ I ] I él I'Flﬂ' 11
Lifty
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' BO> Kty |

W
» Suppressed Loop FCNC process (EW penguins)
« Several observables to test the dynamics : > @\;‘4% 2
— Afb (s=mll2) SRRTANNT
— Angular distributions: 0,, ¢, Oy«
— Invariant mass p*u s =(m,,)? =2 e a
« NP can affect:
— Forward-backward asymmetry Acg(S) in 6,
distribution
— Dependence on s (predicted by several
models) -
Zero of Agg(s) "t v
SM s,=4.36*0-33 .. GeV/2/c* osf- Example 2 fb
S S A B e B T Afbu_z’_ experiment
3| T e B T P

|

= -'-— it i . -u.z:—
e DU breeen 800 - -

_0_5; 2 !i_"" T I .
~E negative Af i E (LHCb@lOfb‘L’ 0(80)2028)
S R R R VA AT Tz 3 4 5 s 7 8
q Gevic® Mmm2 (GeVZ)
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Y polarization in B, — ¢y

. B.>¢y FCNC radiative penguin
« Time dependent CP asymmetry
probe SM/NP

[(By(B,) — fF~) o e (msh ALyt

2
Ccos Amgt F & sin f.’km?t)

AT
— A% ginh zqt +

— Adr=0, Am™X = sin2y sin2¢ ,
A% = cos 2y cosd
tany = |b-syg| /| bosy [~0 cos ¢ = 1

« InSM : C=0 , S=sin2y sing , Ad = sin2y cosd
« Sensitivity ; o(C), o(S) =0.11 2b-71

« SM extensions (left-right-symmetric, unconstrained MSSM) predict large tan y
while no change on inclusive BR (b—sy)
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Conclusions

« LHCD is looking forward for the 1st collisions

 Interesting results can comme early ( 0.5 fb7)
— Bs- J/p ¢ PdPs measurement with 0.05 precision
— Bs -> uu BR limit close SM value
— Direct y measurement o(y) 10°

« LHCD able to provide strong improvement in B, sector
« Potential and channels variety allows field for indirect NP discovery
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Backup
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IHCh ‘ Physics from (very) first data

Exploit minimum bias data (almost no trigger)

: : . O°€
c€/ OCmb Number of selected signal events: S= o N
1.E+01 \ z 5t ‘ ; ‘ . ‘
i T production 108 minimum bias @ 2kHz
1.E+00 -
g 0 production
1.E-01 E N\
1.E-02 E K9-production
; N N\ production
1.E-03 = . /Abar produgtion
1.E-04 i ¢ prodyction
: D-meson production
1.E-05 = \\J/; production
1.E-06 E \J/LP from bb
1.E-07 s
1.E-08 E |
1 E-09 E * \Bd:J/LIJKS production

mb

1.E+00 1.E+02 1.E+04 1.E+06 1.E+08 1.E+10 1.E+12 1.E+14
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Sensitivities for 100 fb-1

Ohbservable Sensitivity
S( By — dap) 0.01 — 0.02
S(Bg — oK2) 0.025 — 0.035
de (J[1ld) 0.003
sin(23) (J/ K3) 0.003 — 0.010
o I:B . .DI:*:II'L-I:J'::I:I < 1°
B — DK 1-—2°
B(Bg — putu™) 5 —10%
BBy — ptu—) 3
APB — K*Oputp) 0.05 — 0.06
App(B — K*™ut ™) sq 0.07 GeV*
S(B, — o) 0.016 — 0.025
AT (B, — o) 0.030 — 0.050
charm ™ 2« 107"
mixing ' 2.8« 101
CP Yo p 1.5 =104

M.N Minard

Also studying Lepton Flavour Violation in t—-uuu
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Upgrade

 |ncrease LO hadron bandwidth

« Manage a factor 110 in luminosity
— Go from 1Mhz to 40 Mhz data flow

* Implications :
— Electronics and detector upgrade is being investigated
— Change Vertex Locator to pixels 3D device

M.N Minard Aspen Winter Meeting 2009
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Rare decays

* Inthe SM, b — s only through loops (FCNC) implies: " W s
— Processes are rare | '
— Powerful to find/constraint NP!

« Operator Product Expansion parametrize new physics effects
through # b — s observables :

Heg = —MT;%V@{ Y cilp)Os() + es(1)Os (1) + cplp) Op(p) + cs(p)O%(1) + cp(p) O},(p;)}

g=1
* Observables are functions of C's.
— Branching ratios (BR) Cs
— Polarizations (C9)
— Angular distributions (C7/C9)

 Three examples for LHCDb:

b ¢ 0 ¥+ \11+i1- b g
a( BRI N B, ey
B,— W' :
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Full 3D Angular Analysis

CcCos = CDSE} Entries 187310
w v | e 12T 4 98 - -+
- Prob 00261 [
—SLHEE p0 4417 + 11.3
g 0.T2ES + 0.0014
IO —
2500—
2000
1500—
1000 —
S04 [—
o
[ cost Entries l:l} niries 187310
¥ 2 ¥ et 99,33 | 98 24 ndf 125.3 1 98
- Prokb 0.4434 - Proks 0.03297
2500 — p0 3926 + 10.3 sEm pi 1837+ 7.2
- p 0.5684 + 0.0018 B gl 03004 = D G
ENDW E 1 TR
- oy 1 =
1500— 1500 —
1000— 1000
m__ 500 :—
..: 1 1 1 1 Mo ol 1 1 ol L 1 L1 L 1 1 i
" %8 =& 04 -0z -0 0.2 0.4 0L 0LE 1 -1 -2 E o 1 F 3

Study possible systematics of LHCh acceptance and reconstruction on distributions.
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[(B- — (K-7
[(B- — (K*7
T(B* — (K*x
I'(BY — (K™=
I'(B™ — (h™h™

['(BTY — (h™h™

M.N Minard

. ".i"\.

50 <K+ <p1
K™ Do ) pi~ DO _ K*
ié‘K/Z'
r €
N 'TKT{I —+ ':(""B?'DJ + Q'I'BF'DU"J‘*":((SB — 511:? - ";"}}-.
NE=(r% + 7% + 2rprpeos(dp + 687 — ),
N rhd_l:fl {fBFD:I + 27 BFDC:J‘-I:((SB — 51{?_' ;l:l

F{FB+ID+‘)FBIDCD“{{}B+5D +A‘:|:|

N™(1 + 1% + 2rpeos(dp — ),
N (1 + 1% + 2rpeos(dp + 7).

= NE7(14 (TB?“D) + 2rgrpcos(dp — 083™ — 7)),
— NK%(?‘ + :rD -+ QTBTD('O‘Q((?B + 5K% - ’}’))

LRTK'iﬁ(l (T’BT’D) -+ QTBTD(‘OQ((S‘B - (SK%{ —+ "}()),
= NB7(rZ 4+ 12 + 2rgrpcos(dp + 655 + ).
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Charm Physics

« Sensitivity to NP : loop diagrams involves d quarks

« Mixing
X= M, =M, y:r‘l_l—‘2 % ; ‘cbv.anoiedl
r 2r g
15 —
Mixing observed in Babar & Belle i 4
x=0.89% 0.26% o5/
y=0.75+ 0.17% | - -
-0.5:—
P

. Time-dependent DO mixing with wrong-sign DO—K+n— decays
. Direct CP violation in DO—K+K-
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« With luminosity increase level of interest emerge:

* 0.51b-1

* Bs- J/o ¢ : 0.05 precision on s
« Bs->puu : improved limit

2 fb -1 (1year)

10fb-1

CPV
vy from tree : 5
y from penguins 10
Bs mixing phase : 0.023
B, ¢ from penguins : 0.11
Rare decays
s, 0.5 GeV2from B—K'uu

Bs->uu 610°%at5c

CPV
vy from tree & loop : 4
y from penguins : 6
Bs mixing phase : 0.009
MS level

Rare decays
s0 0.3 GeV? from B—K*uu

Bs->uu SM at5 o
Bs-> ¢y o(A?) =0.09

M.N Minard Aspen Winter Meeting 2009
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Room for NP in B, mixing
- _L'get" Taucc"PereZ’ hep-ph/0604112 New Physics in B mixing amplitude M,,
Oged : 2006 including parameterized with hy and o
145 I Amg measurement
|2|:|—! I M,, = (l+hs exp(2i O-s))M 132M
i
s & - . . p—
o | Additional constraints can come from semileptonic
Y : Asymmetry. In SM: Ag s ~10%. B.—Duv
40—1
zn—! : 0.01
| 0.3 +~ ~ 5 41;\2 23 k] 35 ASLim_—
| SN~ ~ o ' 4
180 = =~ o o]
160 r With 2Bs from = E
140 [ Bs %J/\lf(l) -41-:]-:]5—:
12031 LHCDb 2fb-" ]
”]{II} -l:].{ll—-
bB[:- r'-" i o ws ] s 2 2s
50 hS
40 LHCb expects
0
’ Ty 030w 05 e 07 ~10%events/ 2fb™'> 8(Ag.® )sa~2x10 in 2fb-”
h
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