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Search for New Physics in B decays

...precision test of the SM at loop level
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box diagramms penguin amplitudes
‘ Deviations from Standard Model ?
% key measurements * B, mixing phase ¢,
v in tree and loops decays

50 kHz bb evts @ 2x1032 * b—>s y penguins

10">B decays / 2 fb”! - very rare FCNC decays
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B.—»J/y¢ ik
Experimental challenge: m
(2 fb1)

BS—)J/\V(I) is VV state: 4 Ty 1, 2.5 k 0.109
L=0, 2 —» CP-even T/ Y1l e 3k 0.142
L=1 — CP-odd T gy 2.2k 0.154

between CP-odd and CP-even components. 7.9 3k 0.108
D D,/ 4k 0.133

\_ All CP eig - 0.046
Iy ¢ 117k 0.030

Performing an angular analysis to distinguish/,< Ty, 42k 0.08

Pure CP eigenstates small yield, large bckg.
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> [ LHCb-Roadmap-2009
M E ﬁ[é CDE+DO, 9fb™ EACH
012 | 2008 scaled to 18 fb-"

* One of first key measurements
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002 - — Uncertainties on bb cross-section

[ and BRvis(BI—J/y0) SM value: ¢,=-0.0368+0.017
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— Penguin Decays -
,~ =~ tNP? Standard Model: %
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Bs — ¢ B’ | - = zero CP asymmetry!
S|
S 5/ 2 fo1 (10 fb-1)
o ~0.11 (0.05
Yield (2 fbr1): 3100 evts, B/S <0.8 (%5, >99) (0.05)




CKM Angle vy

* A lot of pioneering
work from B factories

* No significant
constrain from direct
measurements yet

% Precise determination of y in tree and loop decays.




vy from B — DK Tree Decays

([
LRGP

ADS (Atwood,Dunietz,Soni) method:
Common flavour state fy=(K* r -)
Note: DO—K*n~ doubly Cabibbo suppr.

o, = 11°..13° (2 fbl)

GGSZ (Giri,Grossman,Soffer,Zupan):
Use Dalitz decays D°/D° »K 7"z~
o, = 10°(13°) ampl.model/binned fit

GLW (Gronau,London,Wyler) method:

fy is a CP eigenstate, fy= K*K-, n+n-
c, = 11°..13° (2 fb!)

Combined (2fb-1)
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Time dependent Asymmetry in B,.—>D.K

| Tree b->c & b->u decays interfere through B, mixing
LTU,S u 0 R
e K~ /Bs (2) - *DK*
l S-‘r]/
b & 0 ‘/If =
BY Vab D B, (O)\

W~ s °

U Eso (Z)/ > D:K_
BO ’ Vi K+

Channel  Yield B/S Time dependent CP asymmetry:

B, — DK | 6.2 k | 0.7 O +y
B, — Doz | 140k | 0.2

200

Use B,—D,r to determine
tagging dilution simultaneously

150

2 fb-

100}

50|

D, +y 9°-12°  2/fb
Am 0.007 ps-*

proper time (ps) S




v Sensitivity

LHCb-2008-031

Tree Level Processes

Combination: g0 (°) 0O |45 |90 |135|180
B+ »DOK?
B0_DOK o for2fb () |41[51 |48 |51 |39

, o, for10 b1 (°) (2.0 2.7 (24 (26 |1.9
Time dependent: L

B - Dz B, —> DK 2° ...3°reachable after 5 yr

Loop Processes  R.Fleischer

Measure time dependent CP

é"/\ O /K b Mj’ @ K asymmetries (direct, mixing) in

Vg By — nn and B, ->KK.

I dis —<
Bys O = O /K \O oK Crucial: P/T described by (d, 6)
y from interference between mixing Uspin constr?int: ~10° (2fb™)
tree (T) and penguin (P) amplitudes, A= At 20% ~50 (10 fb1)




Search for New Physics In penguin

and very rare decays
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Radiative b—sy penguins o8

[/
P
Photon polarization from t-dependent :
CP asymmetry (SM: LH ) By— Ky e —
B.— b7 11500 <0.5
P 10 , . -
u,c,t — N Equivalent of 13mins of simulated
b '\"‘\N\P BO XSYL(R) bb events — already see a peak!
RN S N BO 7 True K*y signal
W d Xs'y R(L) events
A™ cos(ﬂmqrﬁAmix sin( An,, ) Combinatorial
A (1) = —=x= —— : ' ' background
cP A 511111[.&T‘qe‘.- )—cosh(ﬁl"qr.f’ 2)
U5 48 51 54 57 6 63
B >y ’ M(K'y) Goviel
. ( dir — :
SM:{ Adr=0 (direct CPV) B, > ¢y LHCh-Roadmap-2009
] ATE sin2ysing=0 2 fol: o(A%)=0.22 o(Adrmix)=0.11
L A% =sin2ycosd _ ) ]
I_I__:> () ~0.11 Fraction of “wrong
mp tany= [A(bosyz)/ [A(b—sy) polarized photons
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B — K*up

Standard Model
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Model independent approach using Operator Product Expansion
10

4G
Hest = —T;thVi‘s > [CiwOi() + Ci(1) O3 ()]
i=1
b S b .
077/ q O9 O']O ):(

Corresponding Wilson coefficients C, describe short-range physics.
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Angular observables in B — K*uu

Forward-backward asymmetry

s 0.2

AFB

0.2

Observables: 6, 6, ¢, M2,

-0.4

2)}";:_11\3 0 2 4 B 8

N, +N, g2 (GeV?)

Angular observables offer a powerful test bench for any New Physics model
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B - K*uu - LHCb prospects

Bs—?"K*}J.-I' lJ'-

7200 ~0.5

®
ca
L
<€ I
IZIE_
02
04
06
.15
~~
L
= 0.0
LI- L
<L o5t
0.00f
_o.05} =
: o(s,) =10.28 GeV
-0.10F
- 3) Full angular fit )
~0.15L - ' - -
1 2 3 4
s [GeV?]
LHCb-2008-041

-t
TN

0.8;
Qﬁg.ﬁ”
0.4,
0.2

0.0'

2) Fits to decay angle projections:

Other angular observables:
e.g. K* polarization
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“Very” rare decays: B,—puu

Bs > HH

b w ut
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SM: BR(B, —p*l)= (3.420.54)x10°9
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b MSSM
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Large SUSY + HY/A?
contributions %
possible

5 ~ tan®p W

90%CL upper I|m|t

Expected f|na| CDF+DO I|m|t

Uncertamty from

MC stats on bkg

<5.8-108 95% CL
PRL 100,101802 (2008)
¢ <9.3:10% 95% CL

DO Note 5344-Conf (2007)
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Conclusion

e There is room for sizable new effects in B meson decays.
e LHCH will try to map-out effects of New Physics

e Interesting results can come early (0.5 fb?1)

.« 50.(B.—>J/yd) ~ 0.06

>
= §y ~ 8 ... 100 (trees) @ S

N——
- BR(B.—~>pp) < 108 (limit) —
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e The indirect search for New Physics with LHCH is
complementary to the direct search with ATLALS and CMS
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LHCb — Key Properties

e High statistics
oL = 2 iR e st
e ~ 1022 bb events / year (2 fb1)
e 50 kHz bb-events
s B BB, B A

e Tracking & Vertexing
e B Mass resolution: ~ 15...20 MeV
 Proper time resolution: ~ 40 fs

e Particle identification

- /K separation over
2 GeV < p <100 GeV

e Trigger (2 kHz to tape)

* “High p;" lepton, photon & hadron
1st level trigger w/ 1 MHz:

we/hfy: 1.1/2.8/3.6/2.6 GeV

100

oo

Efficiency (%)

Example: sin2B(B°—J/yK,)
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" g (K>K) = 88%

e (1K) = 3%

t—o>K
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0.5 fb- 1+
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o(sin2p)=0.020 (2 fb-1)
c(sin2p)=0.023 (today)

8
proper time (ps)

e
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Outlook — LHCb beyond 10 fb-

LHCb upgrade

e Run at 10x design luminosity: 2x1033
e Needs detector and trigger upgrade

 Increase trigger efficiency for hadrons
by at least a factor 2

e Accumulate data sample of 100 fb-!

Physics case

e CPV in B, mixing (tree and penguins)
e CKM angle y with ~1° precision
e Chiral structure of b—s decays

e Lepton flavor violation in t—>puup

100 fb
Ohservable 100 fbL Sensitivity
S(By — o) 0.01 —0.02
S(Bg — ¢K2) 0.025 — 0.035
de (J 10 0.003
sin(23) (J/v K3) 0.003 — 0.010
. I:B . Jr_'Jl:*jI,L'l:k:l:I = 1°
v (B — D) 1-2°
B(By — ptu™) 5 —10%
BBy — ptu—) 3o
AP(B — K*outu~) 0.05 — 0.06
App(B — K*utp=) so 0.07 GeV*
S(B, — a7) 0.016 — 0,025
AL (B, — o) 0.030 — 0.050
charm =" 2 % 10~"
mixing ' 2.8 104
CP Yop 1.5 = 104
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vy from B — DK Tree Decays

Tree decays:

A(B~-—> D K°) Sy iy
x ——~=rpe Be
A(B~ — D°K")

ADS (Atwood,Dunietz,Soni) method:
Common flavour state fy=(K* x -)
Note: DO—K*n~ doubly Cabibbo suppr.

GLW (Gronau,London,Wyler) method:
fy is a CP eigenstate, fy= K*K-, n+n-

o, = 11° - 13°

Channel Yield B/S
B* — D(Kx) K* (fav.) 28 k 0.6
B* — D(K7n) K* (supp.) 650 1.2
B* — D(KK) K* (fav.) 3k 1.2
B* — D(zx) K* (supp.) 1k 3.6




vy from B — DK Tree Decays

GGSZ Method:

Use Dalitz decays: D° »Kz'n™ g s o B* 3
E2.55 : ’E‘: s, 'Ea_sf— ¥ ".:-&-‘,:._
2 b1 ~Bkevts T} g e, P
WL 2 fb-1 &
. . S 1.5F
Statistical uncertainty I < 3

c, = 10° Amplitude model : "o _
GY:]'SO Binned fit/Cleo-C data cb 05 1 415 2 25 3 00:“'63'"5""1.'5""5"“2'5'"':':."

m2 (GeV?) m? (GeV?)

21



CDF(D0) < 6 (9) x 10

ATLAS < 108(2fb)
CMS  <1.4x108(10 fo')
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