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Rare B Physics @ LHCb

Are we crazy?
forward detector
80 tracks per event
high pileup conditions (~2.5 pp interactions/crossing)
O(pp, inelastic ) @ Vs=7 TeV ~ 60 mb
only 1/200 events contains a b quark (interested in BR ~ 10> — 10°°)

LHCDb Event Display

Giampiero Mancinelli, cepM - Marseille

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

Doubly suppressed decay: FCNC process and helicity suppressed.

e

T

A.J.Buras: arXiv:1012.1447 (t B)6
E. Gamiz et al: Phys.Rev.D 80 (2009) 014503 BR ( B + - dll

SM (M,)*

3.2 £0.2 x10-° B <u+
0.10%0.01x10"° : b

(tanB)*>  tanp

sensitive to contributions in the scalar/pseudo-scalar sector

Giampiero Mancinelli, cepM - Marseille

highly interesting to probe extended Higgs models and high tanf

limit or measurement of B, —~up will strongly constrain tanP vs M, plane

S




Q
-
-
-

Q

n

o

(1]
=

1
=

A
A
8]

-
-
-
0}
s
-
0
s
©
=
o
]
0
B
g
©
-
(&)

(S, ]

il Status and Reach

tanf vs M, plane
60

. 60 o
C - Q
S0F 50 -
a0 F a0
30 30
20F 20
10F .
0 G e
0 100 200 300 400 500 600 700 800 9001000  OF*ducsdactalong st i b bttt G 0
M, [GeV/c’] M, [GeV/c?]
Best fit contours in tanf vs M, Regions compatible with
plane in the NUHM1 model BR(B,~UM) = 2x10°%, 1x10-%,5x10°° and SM.
. LHCDb calculation using Superiso/SoftSUSY,
O. Buchmuller et al, arxiv:0907.5568 Comput. Phys.Comm. 143, 305 (arXiv: 08083144)
Limits from Tevatron @ 95% CL:
CDF (~3.7 fb'): B,(By)"M} < 43(7.6)x10°° factor > 10 from SM

DO (~6.1 fbl): B_~HM < 51x10-°

CDF: Public note 9892 - DO: PLB 693, 593 (2010)
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1 LHCb - Analysis Strategy

Selection

Muon-based trigger

Soft selection to reduce size of dataset
similar for control samples

Blind signal region

Signal and background discrimination

Geometrical Likelihood (GL)
Multivariate classifier combining
topological and kinematic
information
Flat distribution between 0 and 1
for signal

Invariant Mass

Normalization

Translate number of observed events in
branching fraction measurement by
normalizing with channels of known BR

Extraction of the limit

Extract observation / exclusion
measurement using the modified
frequentist CL; method in bins of mass

and GL
T. Junk, Nucl. Instrum. Meth. A 434 (1999), 435

Events / ( 12 MeV/c?)

o 1 BN

o LHCb
Tl

“i H:' ﬂh |

30| + + } iw%”“_n

5500 )
M, (MeV/c?)

53086.3

5326.3

5346.3

M(p*y) [MeV/c?]

5366.3

5386.3

5406.3

5426.3
0.00 0.25




3l Selection and Background

Soft selection:

Pairs of opposite charged muons with high Dimuon background
qua11t¥ tracks, gaklng a common vertex + 25 B_ul events
very displaced with respect to the PV anc

(8]
M, 600 MeV/c? ‘::350 LHCb

& MC

M Expected after selection (BR=BR™): Q 40

% B,(B°)=MpH: 0.3 (0.04) events = | I I
0 30 T

g _ = g i! ® wimel ] hl

8l Rejects most of the background ® F | T e el '

; ~300 background events in the signal Y20 * ! !“i L

gl windows m(B,_) *60 MeV/c? .

[8) ' =

~3000 background events in M, %600 b

- 2 L

: MeV/C u -I L I 1 1 1 1 I 1 1 | - I 1 I_-l—'r—l-_/l\k.l 11 1 | 1 1 1 1 I | -] 1

- 5000 5100 5200 5300 5400 5500 5600 8700

g Signal region: tight mass window+GL>0.5 m(uu) / MeV

-

0

= B - B,~uu

=

> bb-> U X fake + muon peaking background

“

0 o o

= 90% 10% negligible

% Double ~0.3% from double Double misID from B-hh':

'6' semileptonics and fake ~0.1(0.2) events in B (B°) sig region

cascade decays misID well described by MC
7 € (hh-Jud) ~ (3.5%0.9)x10-5
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Geometrical Likelihood

fraction of events
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fraction of events

Sig/BG (MC)

GL Input Variables

ot T I
r o 0.1
ol LHCb & £ ™ LHCb
, MC 5" MC
0.06- S 0.08[;
0.04f ] ho.o4:
0.02f OCA , 0.025 B IP ]
ol I n h ] 0: L e
0 0.05 0.1 0.15 0 0.05 0.1 0.15
DOCA (mm) B, (mm)
0.25 — — o —
F Eo1ap
0.2f LHCb 50.12} LHCb
r ] C
0.151- MC s T MC
. 1 ‘g 0.08
0.1 ] to.os} . .
UIPS | lifetime -
F ] 0.02]- -
G: ] 0: ‘ —
0 20 40 60 0 2 4 6
min IPS (u*, W) t (ps)
0.9 — — = @ O
0sf- 1 gooet
ot LHCb | o= LHCb
3 E 0.07}
08E MC ] éo.osf MC
0.4t 1 Tom
0.3 I I I E 0.03 E
v | piisolation |
01f- | E 0.01f 3
% 2 n 6 % s 10000 15000 20000
u isolation By (MeV/c)
MC B_~Uu
MC bb-UpX

Combination of
kinematic and

| topological variables

— Variables decorrelated

before building the

Geometrical Likelihood

Optimization and

{ training using MC

Signal B_-uu
Background bb-uuXx

Data/MC
BIF3

0.02 0.04

0.3

02f

o1f

0.04 0.06

no:o.ixoﬁm)

wE

u |solat|on
LHCb]

MC

i isdaliune
B-hh'
DATA B-hh'



o Xl GL Calibration

B-h*h’- used for GL calibration

TIS B-h*h’-

. Very similar decay topology
® Different trigger

GL > 0.75

.Use events triggered independently of
signal (TIS) to avoid trigger bias

Q

= Fit all B-h*h’- channels simultaneously

8 in bins of GL

o

z‘:’ (BR constrained to PDG values) : > ey

=

A

A ococ

8]
- Calibrated GL ‘
—_ 2 ARRLBRRRE RN RS R
— 1 = 1= O =
0 LHCb -, N
ﬁ B~MM signal MC 10 ' -signal

0 10 = 3
= - O

g 102 background
z 10-2 E C

¥ 10° j
2 BRTE - LHCb S —-
& 10 37pb? 3
@ bb-HpX background a 3
o 10* T T T T T T B
O 0 01 02 03 04 05 06 07 08 09 1 0010270370405 06 07 08 09 GL1

GL

]

Signal distribution in GL flat within the uncertainties



3l GL for Background

Expected background in signal region extracted from a fit to mass sidebands
divided in GL bins

Invariant mass in GL bins

i Lebd 3 %[0.25,0.50]
S f 18 ;
© [0.00,0.25] #

5000 550

0
M(u*,w) (MeV/c?)

<~ T T ] ol
[2) E E (3]
: 7 [0.50,0.75] tHeeq 3 =
Q 4 Q
= . - ] =,
8 20} — 8 0
- o ] -
I 5k 4 T 8
[7] o ] 2]
‘al':; F 1 e 6
2 10F 4 g
u Woa
o + E 2
G:' P PR BT 1 . e e "l“ s 0 -
4500 5000 5500 6000 6500 4500 5000 5500 6000 6500
M(u*w) (MeV/c?) M(u) (MeV/c?)

Expected background
events in B, ,mass regions
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GL
0.00 - 0.25
0.25 - 0.50]
0.50 - 0.75]
[0.75 -1.00]

B~ pp
329.1+6.4
7.4+1
1.51+0.4l_0.35
0.08+010

B’ pp
351.6+6.6
8.3+1.1_1.0
1 ] 85+O.45_0'39
0.13+013



Invariant Mass

M histogram for Y's

w, =9452.4 = 0.4
£9W0 ) | | _..i- 10014.9 = 1 2600 LHCb
= Y(18) | | n =10341=2
is&ﬂﬂ | | 0,=44.9+ 0.4 wii R -oo Ay — [pKJee
H 0, =473+ 09 B airle 000 [ T eessd — [pa’lec
-£ 7000 % i [K'x]ee b
£ h‘*;{zs; | op=51=2 B — [K'r]ce <= comb
" | |

-B, ~K'K ) phys

-
111
=1
=]

The Y family:

Events / ( 50 MeV/c?)
[~
g

8IIII|IIII:|IIII|||II|IIII|II

ao0of- | Y(1S), Y(2S),Y(3S) 1000
3000 |
| 500
2000 | A
1000 | . i o
o A500 2900 5000 5100 5200 5300 5400 5500 5600 5700

AT M | TR0 I TR R
9000 9500 10000 10500 11000 m,, (MeV/c?)

Interpolation of mass resolution at m_B

S ssf N =10 G = 25.8 *1.0stet + 2, 7syst MeV/c?
T e G, \
45§_ p=-0.89
405—
35;—
:mz— cenM G(Bs,d) = 26.7 * 0.9stattsyst MeV/c?
=1 ass rsotton i,
25 e J/Y, y(2syrEesen mass resolution mass resolution
151

o™ oo Socdad a0 0530616858 Tioo Jy>up B->hh(pu)
e LHCb 13 MeV 27 MeV
CMS 28-48 MeV 53 MeV (MC)
ATLAS 40-110 MeV
DO 65 MeV 120 MeV
CDF 24 MeV

G = 26.8+0.1statt],Qsvyst MeV/c?
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BR Normalization
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ELREC _TRIG|SEL
¢REC_SELR g G[S Foi Np. b
BRsi. = BR 1- cal “cal . <8l L i ol o —OJ'NB +
51g ca 3 = s T T
REC SEL|REC ErR.IGbEL [ N,
518 S1g S1g

Normalization factors from three channels: B'»J/yK',B°»>nK",B~J/yd
dominated by B*-J/yK*
different efficiencies, f_/f 6 dependance,

+ very different systematic uncertainties

average:
o (B,~MM) = 8.6%1.1 x 10 o (B-HM) = 2.24%0.16 x 107

Currently use HFAG average of LEP/Tevatron value: f,/f =3.7110.47

LHCb: Measure f,/f, See Walter's talk for details

in the relative yields of B°-»DK or B°-»DT to B,~DT

Fleischer et al, Phys.Rev.D83,014017 (2011) LHCb-CONF-2011-013

£,/£,=4.0220.52 Preljn,;
(usitlirlg B-»D*p* ) Inafy

also preliminary result from semileptonics:

£,/£,=3.84+0.34 pr@/iminar
Yy



LHCb
37pb+t

B, search window

~
° .
I I
)

Nl

Events are classified in 2D plane: Invariant Mass, GL

Calculate expected limit using toy MC techniques
Shows reach of the measurement

Evaluate the compatibility of measurement with

B only hypothesis [CL;]
quote observation
S+B hypothesis
[CL,=CL,,,/CL,]
quote exclusion limit

Giampiero Mancinelli, cepM - Marseille

Errors of normalization factors and PDF parameters are included as nuisance
parameters in limit calculation
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Limits: B_-JJ

AM \GL |[0.-0.25] [0.25-0.5] [0.5-0.75] [0.75-1.]

[-60,-40] |39 2 1 0

[-40,-20] |55 2

[-20, 0] |73 0
M0 .20 |60 0
[20,40] |53 2
o 140,60] |55 1
5
¥ (TOTAL) |335 7 1 0
; ] CL; vs BR(B,—=Hl) —T
E'; (bkg exp.) | 329 7.36 1.51 0-06_?1 T TUHCb -
<] RN .
6' 05:_ ........ N e ey _:
=] - :
‘zu 0_4:_ ............................................................................................. _:
S | Observed limit: oab E
[l | BR(B,~pp) < 4.3 (5.6) x10° o : :

. - observed N~ 3

‘.3 0.1 =
< T =

Expected are: 5.1 (6.5) L — 30 29 -5'0- S
B(B)—up) [10]
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Limits: B'-uM

AM\GL |[0.-0.25] [0.25-0.5] [0.5-0.75] [0.75-1]
0 0

[-60,-40] |59 2
[-40,-20] | 67 0
[-20, 0] |56 2
0 ,20] |60 0
[20,40] |42 2
[40,60] |49 2

(TOTAL) | 333 8 1 0
(bkg exp.) | 352 8.29 1.85 0.118

CL, vs BR(B°2Up)

Expe&ed

0.4 _ . o N —— S ______________
\ ?lpperé I||;1|tE

Observed limit:
BR(B»HM) < 1.2 (1.5) x10-®
@ 90 (95%) CL

e}
o3
(4
=
<
)
o

|

upper limit

Giampiero Mancinelli, cepM - Marseille
]

Expected are: 1.4 (1.8) 1) S

N AP R
14 16 18
B(B®—uy) [10°]

'_l
ul
NFT
S
»
=
o
—k
N



Future Outlook @ LHCb

B~U'L- exclusion @ 95% CL B,~U'lL- observation
! !

.5%10°%

100 -

LHCb [k

—*=—150c

' LHCb | 95% CL exclusion |

gprdjeciioh ffom' broﬁeciioﬁ fﬁom'

X108 = 37pble@ Vs=7 'i'ev: 37pb-! @ Vs=7 ‘ﬁev:
o : E 5 5 5 3 3 3 . *~“*Lh* ; ; % |
2 © bR | .*'* ¢ o VA S S S O
% x e L 7x%X10° ﬁﬁ“‘*‘
% LT ———
(a1] A I\;’_.\m

56 discovery -
3 0 evidence

1 -H- — et 1 ————t————t
0.0 0J2 0.4 0.6 0.8 110 1.2 1.4 1.6 1.8 2.0 0.0 0.2 0.4 0.6 0.8 110 1.2 14 1.6 1.8 2.(

37 pbt 1 fb-t 1 fb-t
200 pb-*

With the data collected in 2011 we will be able to
explore the region BR ~6-10%x10-°
With the data collected in 2011-2012 LHCb will be able to
claim a 50 discovery if BR > 10
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B~ @ GPD

Still blind. Cut based analysis (grid search):
PT, pointing, B isolation, secondary vertex displacement...

0 22 [ — F ‘ T T T T | T T T T | T T T +bE_>““
; - L > - — signal Bg—)j.l},l
0.2 Csighat 310° ATLAS B K
0.18 ; OBackground g - B 5Ky

= 0161 [CMS-PAS-BPH-07-001] 3102_ TLAS-PHYS-PROC-2010-131) E

° 0'1 4 B © = +'F# _+_ ]

- ' CMS 10? n E

o 0.12 - ]

£ 0.1/ = E

o 0.08 - ]

B - 10" E

& 0.06F - =

:_ Z - LA yeJ o B

,.T 0'045 7 //{;%/ 1072 N A =

— 0.02F . - b ]

'E; 0 e R Aert 7% //J/% X | Y I R L _$_ [ R R R

o 0O 02 04 06 08 1 107745 5 5.5 6 6.5

8 | Mass(u p) [GeV]

]

g Experiment N sig N bkg 90% CL limit

o

!a ATLAS (10 fb') 5.7 events 14*13_ events = = ——————-

.é‘ 0(bb)=500 ub (only bboil)

© .

5t CMS (1 fb) 2.36 events 6.53 events <1.6x10-8 (official)

0(bb)=500 pb (2.5 bb-ul) <~1.0x1Q-8 (LHCb MF estimate)
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Introduction

BR (B°=K*pu) = (1.05%-%_ . )x10° (PDG) e

Another FCNC mode, sensitive to magnetic, vector, and axial semileptonic
penguin operators: C7, C9, C10
NP can affect composite variables (A,)

AN _dN
2 2

A 2 dq cos ;>0 dq cos ;<0
FB(q°) = — :
iljh _F' (lfh
dg? | . dg?

cos B, >0 cos f#; <0
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Hadronic form factors uncertainties under control at low Q
Zero asymmetry @ q*> = 4.36%°33 (GeV/c?)?2

Eur. Phys. J. C, 41, 2005,173-188
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31 LHCb - Analysis Strategy

Blind analysis (A_)

c:r"“ - 1 I 1 -
o - -
. — - LHCb A
Control samples to limit dependence % 12: Preliminary ]
on MC: TN \s =7 TeV Data i
D—Knnn o - L ~ 36 pb™ 4
o : = + N
BO_)J/\V(}.L},L)K* : 8 NBd—>K*“|_Lp 23+6 ]
B*=J K* - N .
¢ /() t  oF .
] < B 5
(8 Trigger correction 1] 4 -
@ -
© o
= &
¥ Selection/reconstruction efficiencies > b
3 H
Sl Acceptance ol— :
",_': BDT-based selection (high purity):
5 yield from 1 fb!: 640+-150 . -
_ﬁ B/S = ~0.2 1.2 ; ' =
N cfr: 1 . .
= BABAR 100, B/S = 0.3 0.8} cr swo i =
= Belle 250, B/S = 0.25 @& 0.6 f | @ R
o ' ‘ : 2
8 CDF 100, B/S = 0.4 e ) E 0.4 ‘ gL g = n -
o CDF: PRL 106 (2011), 161801 _ 0.2 == ; N :
o, D’ [75% of data o T |
g s ool B | ‘ 4
@ =02 |- T - =
-.-' - .
O [4.4 ] -0.4 1 : 5
—06_"“““': R ! 7

N
o

L il 1 il g
O 2 4 6 8 10 12 14 16 18 20
qZ



AFB 2011

1.0 fb': G(A,,)=0.07

(end of 2011)

Estimated error on A, in most sensitive bin (1-6 GeV?),
assuming Belle's central value
0.2 fb': 0(A,,)=0.14 (summer)

Belle (2009)
PRL 103 171801

BABAR (2009)
PRD 79 031102

LHCb-MC
(projection) at
1.0 fb™!
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note : o(bb)

0.2

0.0;

o —0.2

-04

-0.6

08—

HHHHHHHHH

4.00 SM exclusion |

...................

||..|.||.|\J:|J||b

Fperpebppebopdpd

4
q°(GeV’)

meaured to be 1/3 higher than what assumed here



3 Other Modes & Experiments

LHCDb & LHCb

Preliminary Ne k= 35+7
4F\s =7 TeV Data

1
37 pb™!
127" °

Other b-su'y modes under study:

B*»K'W*L~ as crosscheck for B/-K*u'u-

Events / (10 MeV )

no AFB expected

(BR ~ 5 x 1077)

8

6i :
Rarest decays seen so far at LHCb 4" ‘ ‘

il |‘ | I‘

| |

HHICIf ||l| I
ﬁllilll i 3'||J!JIIIII 0 PIL T 1 lIIII[II'lII!J_IIIIIIIIIIII
Bm*¢UfH_ o 4800 5000 5200 5400 5600 5800

B mass (MeV)

CMS

Work in progress on:
BO_)K*“+H— ’ Ab_)Au+u—
No trigger problems expected in 2011/2012

ATLAS

Giampiero Mancinelli, cepM - Marseille

Work in progress on:

N
N

BO_)K*“+H_I Ab_)A“JrM_I BO_)(I)“+H—, B+_)K+“+H_I B+"K*+WH_



il sSurmary

B~oM'M- first LHCb result (0.037 fb'):

BR(B-M'H) < 4.3 (5.6) x10® @ 90 (95%) CL

Phys. Lett. B 669, 330 (2011)
BR(B>&M'H) < 1.2 (1.5) x10% @ 90 (95%) CL

Already now competitive

to world's best unpublished (CDF, 3.7 fb!):
BR(B,~M'H") < 3.6 (4.3) x10® @ 90 (95% CL)

BR(B-U'H") < 0.60 (0.76) x108 @ 90 (95% CL)
Public CDF note_€9892

and to world's best published (D0, 6.1 fb!):
BR(B,~H'P") < 5.1x10% @ 95% CL
Phys. Lett B 693, 593 (2010)
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>l sSummary

B~MU'M first LHCb result (0.037 fb'):

BR(B~I'P) < 4.3 (5.6) x10° @ 90 (95%) CL
Phys. Lett. B 669, 330 (2011)

BR(B>&M'H) < 1.2 (1.5) x10% @ 90 (95%) CL

Already now competitive

to world's best unpublished (CDF, 3.7 fbl):
BR(B,~M'H") < 3.6 (4.3) x10® @ 90 (95% CL)

BR(B-U'H") < 0.60 (0.76) x108 @ 90 (95% CL)
Public CDF note 9892

and to world's best published (D0, 6.1 fb!):

BR(B~M'M) < 5.1x10-8 @ 95% CL

Phys. Lett B 693, 593 (2010)
Future (B,):
2011: LHCb sensitive to the region ~ 0.6-1.0x10"%
2012: LHCb 506 discovery if BR > 107
- Looking forward to CDF/D0 updates (this conf?)
- CDF new expected 95% CL limit (6.9 fb'): ~2x10-®

- CMS/ATLAS results in the making (summer for CMS?)
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B-»K'U*l- analysis in place

N
=

- interesting AFB measurement from LHCb already end of 20112



Questions?

I 1T Love
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Backups
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LHCb vs DO/CDF

Rough estimate for B acceptance:
compare B* J/YK* yield with CDF / DO

Luminosity 0.037fb? 3.7fb? 6.1fb?
B+-> J/yK+ 12366 19762 46803
Expected limit 6.5 108 3.310% 4.0 108
@ 95% CL

Observed limit 5.6 108 4.3 108 5.110°¢
@ 95% CL

With 1/100-1/200 of integrated luminosity, LHCb records %-% B
thanks to

acceptance & trigger

cross section (factor 3)

boost

mass resolution(DO)
(better background rejection as well)
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Normalization details

Preliminary results for fy/fyfrom LHCDb [Moriond 2011 QCD, LHCb-CONF-2011-013]
Using ratio of yields of B,—~D.m to BO—~Dm and B°—>DK

f/fy= 0.242+0.024,,+0.018,,,+0.016,,, with B'—>DK

f/f,= 0.249+0.013,,,+0.020

+0.022

syst—

with BO—D1r
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> 1l CLs method details

Modified frequentist approach

observed

Prob. Density

b, = exp. number of background events
s; = exp. number of signal events
d; = observed number of events

CLsyp = P(X < Xops|s +b)
CLy = P(X < Xobs|b)
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