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Introduction

@ LHCDb searches for NP

‘u!"“ "
f\@

= in FCNC with B (and D) decays, where new particles can enter in
the loops and modify the SM prediction on some observables

+ LHCDb Rare Decays (RD) analyses:

m Search for Bs) —upu rare decays

a Update with 1 fb"!

= Angular analysis of the B—>K nu decay
a Update with 1fb!

a [sospin Asymmetry B—>K®up
a Measurement of B(Bs—@up)/B(Bs—J/y)

m Measurement of B(Bs—¢y)/B(B—K™y)
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SM prediction:

Measurement of Acp B—K'y

Experimental status:

CLEOII BABAR Belle
Acp +0.08£0.134+0.03 —0.016 +0.022 +0.007 0.015 £ 0.044 £+ 0.012
[arXiv:0406055] PRL 84 (2000) PRL 103 (2009) RD 68 (2004)
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Correction by detector and production asymmetries: 5 Rt 24
Background model : AAy, —0.002 +0.007
] ! . . / Detection . —Ap(K7) +0.010 +0.002
Acp(B"— K™v) = A (B" = K™y) — Ap(KT) — kAp(B”) Magnet polarity  AA -+0.001 +0.002
B production . —kAp(B°)  —0.004 +0.005
Total +0.005 +0.009

Acp(B® — K*) = 0.008 & 0.017(stat) &= 0.009(syst
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dBr/dq® (1/T dr/dq?)

Experimental status:
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= [n the SM, the y/Z penguin introduces a forward/backward ‘ >

LHCb-CONF-2012-008

Angular analysis B—K*uu

asymmetry (Ars), with a well defined zero-crossing point B W
s SM g% = (4.-4.3) GeV?/c? 1z

® This Asymmetry and other observables (Fi,S3) can be

altered by the presence of NP ) R
2 VP~ iVp

s Effective operators involved are: 07,09,010 Np+Ng

®m Measured previously by BaBar, Belle and CDF with ~ See: F Kruger, J. Matias PR D71(2005);

45(5%) (GeV?)

. : J.Matias et al, JHEP, 1204:104,2012
inconclusive results

Sz = (1-FL) A2y Se = 4/3 Ars
0.15F ' ' ! '

GMSSM; 025 FBMSSM

0.10} A/
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b L SM+,25% l N 4 FBMSS.\/h
-0.2 0.0 0.2 04 0.6 0105~ R N S e a—
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sensitivity to zero-crossing point 5 W. Altmannshofer et al, JHEP, 0901:019,2009




Angular analysis B—K*uu

® The decay is described by 3 angles (01,0x,p) and the g> dimuon mass squared

a Reduced expression of the angular distribution after ¢ folding:

d‘r 3
= Frcos®Ox + —(1— F)(1 —cos®0x) +
dcosfydcosfx dpdg?  16m | == K 4( L)( K)

F cos?Ox(2cos?, — 1) +
i(l - FL)(l — cos?Ox)(2cos? 0, — 1) + \\ \

==

53(1 — cos? O ) (1 — cos? ) cos 26 +

4 K
gAFB(l — cos?f) cos, +

Arm(1 — cos? 0x) (1 — cos® 0,) sin 26 ] \

® Thanks to a 3D fit in the angles (in bins of g*) we access
a |, the longitudinal polarization of K*
8 Apg, the forward/backwark dimuon asymmetry
& Ay asymmetry

a S3=1/2 (1-FL) A2;




Angular analysis B—=K*uu

BDT using kinematic, vertex, track quality, IP

and PID information

Remove charmonium resonances and veto

peaking bkg

1=

_ LHCb Preliminary
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BDT response

verification with

Use simulation to correct event-by-event as a

function of the angles and g2
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Angular analysis B—=K*uu
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||5HC|3_b _ 2.00 < ¢2 < 4.30 71.4 £ 10.7 37.14+4.1
reliminar
ol y o] 430 < ¢ <8.68 | 270.5+18.38 53.8 5.5
16.0 < of < 19.0 GeV?c*
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S/B ~ 0.25
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Angular analysis B—K*uu

Differential B vs g>
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Angular analysis B—K*uu

ArB vs ¢?
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m Results constrain NP scenarios but the statistical precision is still limited
compared with theory prediction
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Isospin Analysis B—K®uu

& [sospin asymmetry

See: T.Feldmann and J.Matias,
I'(B° uo) — T(B* — K&+t JHEP, 01 (2002) 074
A =
uE| I'(B° K(*)O,LL+ )+ (Bt — K&+utpu-)
B( B LT = TOB(B+—> K&+t )
~ B(BY— K™outpm) + D B(B+— KO uhu)!

m Measured by BaBar, Belle and CDF
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Isospin Analysis B—=Kup

Theory MM Binned theory —e-Data
—————
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In agreement with SM and with
previous measurements!
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Deviation from 0 in all g2 rate is 4.4 ©
Tension confirmed!
but difficult to interpret
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LHCb-PAPER-2012-007

Search for the B)—uu decay

m SM prediction (FCNC, helicity suppressed)
& SM B(Bs—u) = (3.2402) 109 axwior e
s SM B(B—pup)=(0.1+£0.01) 10”°

® Branching ratio very sensitive to NP

® Current Status [0.37 fb! arXiv:1112.3515,
H PLB 707 (2012) 497-505 ]
a [HCDb limit:

® B(B.—up)< 1.4 10895 % C.L (LHCb)

e e cL ERERe s §: ................ . ................ :
s CDF has an excess of events (10 fb!): :: ¢ 3
& B(Bs—up) = (1.0M%,96) 108 (CDF) SE | E
a B(Bs—pup)<7.710° 95 % C.L (CMS) ;g' A o——— '8
o e, BR(B, )" YBR(B, )™

S —
13




B)—up

Similar selection for signal and Tsooo0f- |
Al
20000
%
C
G 15000
new! added a multi variate cut to the selection ™ 10000
S drbal LI borm NB&ﬁM*M‘ 5000
B: Bnorm >< >< N — - -
€sig f d(s) norm 0 5200 5250 5300 5350
norm B *—J/y(up)K" mass m(J/p K*)(MeV/c?)
1 OéB?S)—HH‘M— X NB?S)—HDL,u—a
4 T T T T T T T T T T T
0.021 PRL 107 (2011) 211801, > LHCb
[T = 0-2671_0,020 arXiv:1106.4435 preliminary 19035 + 158
TRIG|SEL

GBQ_)M_,_M_ — (914 :l: O-4S‘cat :l: 3-95yst )%,

apo_,t- = (3.19£0.28) x 10717,
apo_,+,- = (8.38 £0.39) x 1071,

5300 5350 5400 _ 5450
Bs—J/y(up)¢ mass m(J/p K* K')(MeV/c?)
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@ Background:

B)—up

9 A multivariate discriminant BDT:

combinatorial background (bb—puX)

B—hh’ (h—p mis ID)

new! tighter PID requirement (reduction ~1/6)

kinematical and geometrical variables

Ehh-—pp+—

(1 52 £ 0. O7stat + 0. 07syst) > 10 5

train

uu from elastic diphoton production
(PT(B)>500 MeV/c)

Exclusive decays: (irrelevant!)

signal uniformly distributed [0,1]

ed with MC

estimated with data:
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Candidates per 30 MeV/c?

B)—up

¥ Mass:
signal: CB shape
central values B—hh fit

resolution: interpolation between
LLlL Tesonances

bkg: exponential fit in bins of BDT

o(BY) = (24.8 £ 0.34 £ 0.75) MeV/c?
GBI =1 1(24:3 5 03 - 0-65 ) MeV e

BDT vs Mass:

Divide BDT and mass plane in bins

estimate number of background and
signal (for each BR) events in each bin

Use CLs method! Q = Pd.s+b)
P(d,b)
new! binning,optimized using MC toys!
8 BDT bins:
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QS é}] N & N > N S N

9 Mass bins:
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»

B)—uu

Mode BDT bin 0.0-025 025-04 04-05 05-06 06-07 07-08 08-09 09-1.0

B? — utp~ Exp. comb. bkg 1889738 57+ 15.3738 sttigtlhl . 3:30H0 02— - g6 Sl —-pptl s Gt lidd
Exp. peak. bkg 0.124+9-956 ,06379:92¢ (.04919-91 0.045+9-016 0.050%9:018 0.047+0-217 0.049+9-017 (.047£9018
Exp. signal = 2.5570:79  1.22+0-20 (.97*0-17 RENSEERSSERNNINOHING ¥ IO S

Observed 1818 39 12 6 1 2 1 1

B® — T p~ Exp. comb. bkg 2003742 61112 16.6743 473 igmodlds 3 p#QTl L 3 6o H0-T6 1 0.5450:53
Exp. peak. bkg + 0.7179:3¢ - 0.355+0-146  97910.110831546--8.000-§.90%0 0010964150 1138 007540 | 18 D000
Exp. cross-feed +0.4070:11 10.19370:933 ¢.153+0:023 SIS 6 S IR GSEGRN & - 81021 S RUSIR e SONiOy

Exp. signal =~ 0.30033:9880.145+0:027 (,115+0:020 8gi102:0-014- 0. 11940011011 231 S 010N G 14 0010 4510 050
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LHCb . o LHCb
— -- peaking bkg -1 = 6 -- -
N -- SM signal
-- SM signal o
o
\ 4 — 4‘2 4
: 3
a ———"’"l"’”’ ”""""‘.___ 77/ Lﬁ
[ — 2
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LHCb

preliminary

mass vs BDT data

+ BDT 0.92
mass 5374 MeV/c?

Primary vertex H

Z (mm)
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T2 s T s e 7 8 9
B(BY — 1) [10°]

B(B—pp) < 10.3 1019 at 95% CL

mode limit at 90% C.L. at 95% C.L. -:(\
0 e -7 -7 “N“A 1
B; — p"u~ expected bg+SM 6.3 x 10 T2 XD s‘
expected bg only 2.8 x 107° 3.4 x 1070 WP
observed 3.8x 10720 45x107° |1-CLb=0.18
E ML expected 9.1x 107" 11.3x 107"
observed 8.1x107 103 x 107 |1-CLb=0.60

BR estimation:

1.2
B(B, — u* ) [10°]

LHCb

1.4 1.6 1.8

simultaneous unbinned LL fit to the mass to the 8 BDT bins

B(Bs—pp) = (0.87183) 10

expected BR from minimum of the LL and error from ALL=0.5, coverage BR [0,SM] 82%
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B)—up

® Results strongly constrain NP scenarios

a8 But some NP models predict lower B than the SM one

excluding in NUHM 20 .
S R I S IR IS I 54 IS R RARRS ’ :
8F : E | 2
E ! / - ~ 15 | MSSM-LL =
TE E 31 [ =
6F | - R )
F & E T o0
5 - g - 050 Lo F1s
43 E 5
3F = X '
1E E MSSM-AC
0 E il " -'f‘l MEFEE S BPEP RS BPEC T BPE AT A A B E 0.0 i ! I ' I l
............. Wiglm‘=125 lev droppl%g (9-2) 3 4 p?ed 6 7 SM8 ° 10 9 20 + 3? ® »
T et e 02 BR(B,—~1)” " /BR(B_—~u) 107X BREB: = )

exclusion of several NP models
See: D. Straub, EW Moriond, 2012
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Conclusions

4 [LHC and LHCDb performing beautifully

# LHCb has an intense program on RD searches:

® Results with 1 fb’!

Acp(B°— K*) = 0.008 & 0.017(stat) & 0.009(syst)

a Acp with B—>K™y

0
L e (0.556 & 0.069(stat) & 0.043(syst) =+ 0.006(B)) x 1072

[ ] B(BS_)quM)/B(BS—)J/\ng) B(B)— J )

s Update of B—>K*up angular analysis | ¢3 = (4.97]5) GeV?/c*

s Measurement of Isospin Asymmetry B(B )< 4.5 10 at 95% CL
s—HU Emu iy i

= Update Bs—up B(B—pp) < 10.3 1019 at 95% CL

a (Other analysis not covered here: B*—nuu, B—ppuy, ...
® Everything in agreement with SM, no NP found (yet) in the key channels!
= We still look for NP smallish effects...
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