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Disclaimer

e In the rest of the talk I will assume the speed of
light to be constant and that particles cannot travel
faster than c.
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Search for New Physics with B-physics

Search for new particles or forces via their virtual loop contributionsin B decays
1) CP Violation: 2) Rare Decays:
Search for CP asymmetries incom- Search for enhanced BR’s or decay
patible with SM fits. distributions that deviate from SM
Study of couplings of New Physics
Examples: Examples:
1. B —Jye 2. BY—Kuu
3. BY%—uu
“Box” diagram: AB=2 “Penguin” diagram: AB=1
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Reminder: Mixing and Rare Decays for discoveries

B? mixing pointed to the top quark:

ARGUS Coll, Phys.Lett.B192:245,1987

DLSY 87-029
Rpril 1987

OBSERVATION OF B'.B’ MIXING
The ARGUS Collaboration

In summeary, the combined evidence of the investigation of % meson pairs, lepton pairs
and B meson-lepton events on the T({48) leads to the conclusion that B“-Fﬂ mixing has

been observed and is substantial.

Parametets Camments

r > 0,09 90%CL

This experiment

x > 0.44 This experiment

Bifg = f, < 160 MeV B meson (= pion) decay constant
my < 5GeV/c? b-quark mass

n < 1410717 ' B meson lLifetime

[Vigl « 0.018 Kobayashi-Maskawa matrix efement
QCD correction factor [17)
t quark mass

KO—pu pointed to the charm quark:

GIM, Phys.Rev.D2,1285,1970

Weak Interactions with Lepton-Hadron Symmetry*

S. L. Guaswow, J. Iniorouros, axp L. Marawstf
Lyman Laboralory of Physics, Harvard Universily, Cambridge, Massachuselts 02139
(Received 5 March 1970)

We propose a model of weak interactions in which the currents are constructed out of four basic quark
fields and interact with a charged massive vector boson. We show, to all orders in perturbation theory,
that the leading divergences do not violate any strong-interaction symmetry and the next to the leading
divergences respect all observed weak-interaction selection rules, The model features a remarkable symmetry
between leptons and quarks. The extension of our model to a complete Yang-Milis theory is discussed.

o o 0

splitting, beginning at order G(GA?), as well as con-
tributions to such unobserved decay modes as Ko —
ut4u—, Kt — wt+I+1, etc., involving neutral lepton

We wish to propose a simple model in which the
divergences are properly ordered. Our model is founded
in a quark model, but one involving four, not three,
fundamental fermions; the weak interactions are medi-

new quantum number @ for charm.
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Menu: LHCb “Superstars”

“Box”" diagram: AB=2

1) BY% — Jyop

2) B — K uu

3) B%— uu

Other LHCDb talks:

= today:  W. Hulsbergen in BSM session ‘1 Q
= tomorrow N. Serra in discrete symmetries session
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Menu: LHCb “Superstars”

BY%— Jlyg
1) BY% — Jyop
O—)
2) BY — K uu BT A
3) B%— uu
B
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Commonality: “FCNC”

b Rl

1) BY — Jyo B%— Jlyg

2) B — K uu

3) B%— uu

BOs—uuu
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Commonality: “FCNC”

A
D W
t Y
1) BY — Jyo B%— Jlyg
2) B - K
) o K

3) B%— uu

BOs—uuu
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Commonality: “FCNC”

bW
k/&
1) BY — Jyo B%— Jlyg
2) B - K
) o K

3) B%— uu

BOs—uuu
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Sensitive to NP: appetizer

B%— Jlye

1) BY% — Jyop

2) B — K uu

3) B%— uu

BY— K

BOs—uu

br

LRV Vv v i v w w)

“I FBMSSM

FBMSSM 1
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Status before
Summer

= 0.2

B%— Jlyo

1) BY% — Jyop
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L=521fb"
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-, iCDF Pyblic Note 10206

95% CL
— 68% CL
= SM prediction

SM p-value = 44%
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http://arxiv.org/abs/1107.2304
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The LHCb Detector

B®—K*uu
BOs—uu

PID
BO— K*(Km)uu

Lifetime,
BY% — Jlyg

Suppress background, o(Mg)
BY —K puu
BY —uu

Interaction
Point
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Instantaneous Luminosity (ub™.s)

LHC and LHCb performance

LHC and LHCb show excellent
performance

Analyzed 330 pb-! for Summer
conferences

1011 bb-pairs produced!

IIIIIIIIIIIIIIIIIII|I|Illllllllllll|||l|ll

_Fill 2010 (2011/08/08) ...

I i i

22h 01h 04h 07h 10h 13h  16h

19h

Delivered integrated luminosity (fb™)

6 LHC 2011 RUN (3.5 TeV/beam)

—e— ATLAS 5.625 flb~!
—— CMS 5.713 fb™!
|| —e— LHCb 1.217 fb~!
—O— ALICE 4.891 pb™!
4 || PRELIMINARY

3 - -
2+ i

~0.3 fiy! , R
1 for Summer . 1
L8] : L

M Jun Jul Aug Sep Oct
Month in 2011

c Optimal use of LHC beam:

>  “Lumi levelling” at 3.5 1032
(Design was 2.0 1032 1)

»  Max. luminosity for entire fill
With maximum detector occupancy
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Menu: LHCb “Superstars”

“Box” diagram: AB=2

1) BY% — Jyop

2) B — K uu

3) B%— uu
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B% — J/pg
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B — J/we: Introduction

= Interfering decay amplitudes:
1) B%—Jlwg
2) BY%— B%—Jlyg

-L; ud ‘ L’u s 1’; ub|€ Y
Vo= | — |V V. Vo
7 —i3 7
Viale™ Vi

BY—J/yg
< 1800p ————
= 1600f-  t>0.3 ps

: N = 8276 + 94
o 1400 o~ 7 MeV
@ 1200 L ~ 337 pbL
c N

L i—r" | L L L _"-i L

B, mass [MeV]

5300 2350 /]\ 5400

NB: Despite
J/¢ | hadronic environment
] very clean signals!

0 0
B B
5 b
1) . @
elos
A.S.Dighe, I.Dunietz, R.Fleischer .
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http://arxiv.org/abs/hep-ph/9804253
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http://arxiv.org/abs/hep-ph/9804253

B, — J/we: Analysis

e Angular analysis

> BY — J/wo:
= Pseudo-scalar —2 vectors
= CP~ (-1t
=1 A CP=- .
L=0,2 AO,A" CP=+
e Flavour tagging
b
I'}Q

use thisb to check if other b oscillated
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B, — J/we: Analysis

e Angular analysis o “{/

> BY — J/wo:
= Pseudo-scalar —2 vectors
= CP~ (-1t
L=1 AL CP= -
L=0,2 AO,A" CP=+

e Flavour tagging

e < tagging B
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Intermezzo: Tagging wit

1) Need “flavour specific decay”
*  N(BL—D,7*)= 9189+ 147

2) B oscillates fast
= BO—D rtorBo— B 0— Dt

3) Need good proper time resolution

= g tagging efficiency
" o wrong tag fraction
= g(1-2w)?: tagging power

A... = (N(B—B)-NB— B))/

(N(B—B)+N(B— B))
A, = (1-2w) cos Am.t

NnBL—D #*

# candidates / 15 MeV/c?

]

LHCb preliminary * data

'S =7 TeV, 340 pb — fit
e D,
7 B— DK*
B comb. bkg.

LHCh-CONF-2011-050

5400 5600 5800
(D, n*) invariant mass | MeV/c? ]

Probahiliiy

— PB°m— B'w)
p i
-~ PB(1=B.1)

—
T
S

L g LA AL AL TN
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Intermezzo: Tagging with B—D_ x*
1) Need “flavour specific decay” N% LHCb preliminary * data
- g )= = B=7Tev,340py’ M
N(Bs _)Ds T ) 9189+ 147 E1uuu-_ P .Es—; D
e W B)— DK*
2) B.oscillates fast g I comb. bkg.
n BSO—>DS'7Z'+O|' BSO_) B_SO_) DS+7Z" E L HCh-CONF-2011-050
N 5400 5600 5800
3) Need good proper time resolution (D, ) invariant mass | MeVic”]
LHCb-CONF-2011-050
. €. tagglng eﬂ:ICIenCy 204_ LHCh preliminary
[ o WI‘OI‘]g tag fl’aCtIOn < 0.0 s=7TeV, 340 pb™’ OST+SSKT
= g(1-2w)% tagging power 1-20 | —+/’_
Ay = (N(B—»B)-N(B—> B_))/ -0.21- —
(N(B—B)+N(B— B)) _045.._)1)”
"0 0.1 0.2 0.3
Anmix = (1-20) cos Amt t modulo (2t /Am,) [ ps ]

30 Nov 2011 Niels Tuning - View on Recent Results of LHCb - APPS2011 21/60


http://cdsweb.cern.ch/record/1374146?ln=en
http://cdsweb.cern.ch/record/1374146?ln=en
http://cdsweb.cern.ch/record/1374146?ln=en
http://cdsweb.cern.ch/record/1374146?ln=en
http://cdsweb.cern.ch/record/1374146?ln=en
http://cdsweb.cern.ch/record/1374146?ln=en
http://cdsweb.cern.ch/record/1374146?ln=en
https://cdsweb.cern.ch/record/1374146?ln=en
https://cdsweb.cern.ch/record/1374146?ln=en
https://cdsweb.cern.ch/record/1374146?ln=en
https://cdsweb.cern.ch/record/1374146?ln=en
https://cdsweb.cern.ch/record/1374146?ln=en
https://cdsweb.cern.ch/record/1374146?ln=en
https://cdsweb.cern.ch/record/1374146?ln=en

BY, — J/we: Analysis_ ——

lI_H;':blpr;IirHit;ar;r | f g
-\ \s=7 TeV, L= 337 pb” 118
. 500§ & |
e Angular analysis sl 1E
0 . - HIE
> BY — J/wo: . E
= Pseudo-scalar —2 vectors - . .
= CP~(-1)t 200k~p /f‘}i‘j-j-j‘ﬂl;“‘x -
100f Ly~ BO ., J/ S ]
L=1 AL  CP=- % s YO SN
0_ —_— — —_— —_— —
L=0,2 AgA; CP=+ -1 -0.5 0 0.5 1
cos vy
0.4
E LHCDb preliminary
e Flavour tagging < {8=7TeV, 340 pb™" OST+SSKT

= o =36%
. ¢D?2=23.1+0.8%
» PDG: Amz=17.77 +0.120 ps

» LHCb: Am=17.725+0.041+0.025 ps*

(preliminary)

0G0-TT0Z-4ANOD-AOH1

-0.21- ——
1 BY—D ot
%% o1 02 03

t modulo (27 / Am,) [ ps |
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BY — J/we: Angular Analysis

—}— data

(/7] T ' ' T . - F T =
o | sig. COI'I'IpOI'IEI'It O' —

® 3k LHCb preliminary ~  |....... cp-even sig. component — 600_ \Lls-l?l; ?‘::ITT?S?; b i

; \s=7TeV, L=337 pb'1 — — cp-odd sig. component ﬂ B - =T p .

~— S-Wave COI‘I’IPOI‘IEI‘It % 500 :_ _:

ﬂ ——— bkg. component - ™ ]

c " 200 =

oy 102 i complete pdf B ]

Lﬁ F E B ]

i i 3001 .

|~ ] B ]

| 200} S -

10 E - B — e T — - 7

- ~ - - ~ ]

i 100 -~ -

i ~ -~ ~N ]

1 L L L | L L L - | L 1 1 B _I L L L | L L L L | L L L L | L L L L ]

2 4 6 ) 8 -1 -0.5 0 0.5 1

Proper time t [ps] cos y

F. T T T T T T T T | T T T T | T T T : v :I T T T T | T T T | T :

o GOO_L LHCb preliminary -] T 600 LHCb preliminary -

E C \s=7TeV,L=337 pb" 1 » B \§=7TeV,L=337pb"' 1

£ 500f- = o 500 -+ -

|_|>J N ++'|_ ] ; - ]

400}--. - <= 400L -

[ .. ] - = 1

: + ST = .

- - ] > - ‘ ) ]

3001 . W 300[- -

200} I - 200} -

| — — ] L ]

B - ~ i L i

B - -~ ~ ‘\ 1 — Y — — — = ]

100~ < 100F -

- N - ]

ok — — | — T ob— | . —— —— | — ]

-1 -0.5 0 0.5 1 -2 0 2
cos O ¢ [rad]
30 Nov 2011 Niels Tuning - View on Recent Results of LHCb - APPS2011 23/60



BY. — J/we: Results

LHCb-CONF-2011-049

. ° 'LHCb Preliminary ' _:
\:z 0.2 \S=7TeV,L-337pb"' / - \ -
2 ] j + = SM ( \ -
- B2 T e P N\ ) -
- g E L— =10 e ]
_‘JEI l lt‘_rl I lél l l‘OI_. l .O‘IDI l .t::. I '-:Ir' S = 0 - — 8% C.L. (stat. + syst.) :
RN —
0.1E= :./ ] = m 95% C.L. (stat. + syst.) s
. 2\ n
: RN\t .
0.2~ e —
= 1 1 :
-4 -2 0
I (OR [rad]
 Most precise value of ¢! ST
@.=0.13+0.18(stat) £ 0.07(sys)rad  (preliminary) : '2T j
c . 0F | /1
> Consistent with SM: ¢,=-0.03 A
SN /
6- "'\\ | ;’j
AT;=0.123 + 0.029(stat) + 0.008(sys) ps . R
I
CDFT=0.076 + 0.059(stat) + 0.006(sys) ps “:‘.n';' ' Y“/na '

DO: I=0.19 +0.07 (stat) +0.015(sys) ps*
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BY. — J/we: Comparison

Preliminary results overlaid

— 68% CL
7T 95% CL

il"""'-r..

i-‘-.

] Do 8 fb]
[] coF 5.2fb!

[] LHCb 03fb™
¢ Standard Model

L
]
[
I

i
I

UI F
J"JJ

L

b/ vé (rad)
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Sub-Summary

1) BY% — Jyop

>  Most precise measurement of @,
> ¢.=0.13 + 0.18(stat) + 0.07(sys) rad

»  Combine with B%, — J/yf,
. See talk from W. Hulsbergen today

(Areurunaud)
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B — K uu
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A.Ali, Th.Mannel, T.Morozumi
Phys.Lett. B273 (1991) 505-512

B%— K*uu: Motivation

| Hadronic uncertainties largely cancel in
angular asymmetries

> Forward-backward asymmetry Ag; easiest +

Sh

F FBMSSM 1p /
—03f FBMSSM -
1T 2 3 a4 5 6
W.Altmannshofer et al., qz (G’E“'-"UTE)
JHEP 0901:019,2009
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http://arxiv.org/abs/0811.1214

A.Ali, Th.Mannel, T.Morozumi
Phys.Lett. B273 (1991) 505-512

B%— K*uu: Motivation

| Hadronic uncertainties largely cancel in
angular asymmetries &

> Forward-backward asymmetry Ag; easiest

- FBMSSM g
—03f FBMSSM S
1T 2 3 4 s e
W.Altmannshofer et al., ql’, (Ge‘fz)
JHEP 0901:019.2009
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1 -
0 ot . [
B'— K*uu: Status | C,=-C, 5
HH 0.5 + 714 S | B |
< I | 1
) — Belle, 657M BB ||
1 PRL 103, 171801 (2009)
[ Lo | T T
0O 2 4 6 8 10 12 14 16 18 20
1.23_ '|"'|"'||"'|'"|i"'|'i"|i' '|"'|"'_E
4 C| Babar, 465M BB | | L E
e Az measured at B-factories and CDF 0.8 £ PRD 79, 081102 (2009) | | . E
e All opposite sign for Agg? 0.6 VR R E
c0-4 | ' T =
0.2 = ) _ Wx\;
> Hint of deviation? o S E
-0.41 R ’Ju =
06 "2 "4 6 8 10 12 14 16 18 20
m 20
< B . B° > K°%u*u
| CDF 6.8 fb1
1-501 4xiv:1108.0695 = Data
i - -- C_=-csM
1
b ¥ I—l07 S O.Sf— ‘ _____ ﬁ:
! ();' ----- ‘,,—”’i-—#ﬁ—*
NB: Size of C, constrained by E
-0.5—
BR(B°>—K*y) but not the sign. - ,sv\llll,ll
o) 2 4 6 8 10 12 14 16 18

g2 (GeV?3/c?)
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e Reject J/w and v’ resonances
e Veto peaking backgrounds

e Select with boosted decision tree
= E.g.B,Jly, K*vitx, FD, IP, ...
» N(B°—K*uu) = 302 + 20
= Babar: 60
= Belle: 247
= CDF: 164

10

5200 0 5400 5600
B My, (MeV / c?)

LHCD

Preliminary
L HCh-CONF-2011-038

N = 302 + 20
L ~ 309 pb-

Events / ( 10 MeV/c?)

-

E....|L.....-|--;'.;.|....|.'. Y LA B 0 1 L | R
00 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600
2
M., ( MeVic™)

5
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e Reject J/w and v’ resonances
e Veto peaking backgrounds

e Select with boosted decision tree
= E.g.B,Jly, K*vitx, FD, IP, ...
» N(B°—K*uu) = 302 + 20

= Babar: 60
= Belle: 247
= CDF: 164
g°(GeV*) Ngig nyy, | significance (o)
1<q*<6GeVé | 7004102  32.£32 94

Events / ( 10 MeV/c?)

00E- ; i ' i
S0F- LHCD E
70 3 Preliminary E
SOE- N=302+20 -
40 L~309pbl 3

-

5600

My, (MeV/c?)

E....|L.....-|--;'.;.|....|.'.
00 5150 5200 5250 5300

5 53

My, ( MeVic?)

LHCb

Preliminary

1<q?<6 GeV?
N=7010
L ~ 309 pb-

I-I| II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

PN B A SR e T -
50 5300 5350 5400 5450 5500 5550

R
0 5200 52

o [TTTT

SRR PP Pt L i
50 5400 5450 5500 5550 5600

5600
My, (MeVic?)
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B°— K*J/y: Asymmetry

= ¢ Validate analysis on B*—K*J/y:
g » F_=0.556+0.015 (Babar: 0.556+0.009+0.010) | BaBar, PRD 79, 031102 (2009)
= > A = -0.006=0.008
2
1 d°T 3, 5, 3, | 5, |
I dcos 6, dg? - 4FL(1 — cos” 0r) + 8(1 — Fr)(1+ cos’ 0¢) + Appcosth
NB: g2 = my;,,> = 9.6 GeV?
LHCD Preliminary LHCDb Preliminary
— _III|III|III|III|III|III|III|III|III|III_ "_"lz_llllIII|III|III|III|III|III|III|III|III_
w120 - - - - 8
st signal 1 S sideband |
@100 ] P B
= - L
& L & L HH
- i - g |
W go w o
N _ [
H o[

H| 61}:

20 .
L 4 ]
'D madrrelmtrbendief B Tt emdt e e d e we NETINETERETE RTRA RENA RTRA AN RANE RERE FREN
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Ch.Bobeth,G.Hiller,D.van Dyk

BO_)K*”” Asym metry JHEP_1107:067.2011

e Validate analysis on B*—K*J/y:

» F_=0.556+0.015 (Babar: 0.556+0.009+0.010)
> Ag = -0.006+0.008

L dT 3 e : . . A
fd COS 9(»’ dqQ = 4FL(1 — COS 91’) + 8(1 - FL)(I + cos 9{:) -+ AFB CcOS Qf

e Measure Az and F, in bins of g2
e Event-by-event acceptance correction

Theory BB Binned theory LHCh-CONF-2011-038
-o=|_HCb

2 ; ] ¢ 1|—""""""|F.'I-'|t|:fb'_"'—
0_5:_ _: : relfiminary
ke T -; ; |

0.5
I

ot 1 _
; ] - *!F ]
-0,5;_ LHCb ] _l;_ ]

Preliminary 0
N I PP B N TP S TR
0 5 10 15 20 0 5 10 15 20
mZW: 92 [GeVZ/cd] q2 [GeV?/c]
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B°—K*uu: Comparison

Theory B Binned theory
+LHCb —«CDF —®BELLE *BaBar

J.T_'

+

LHCb

Prel Iminary
l/j I I i | i i
15 20
LHeb LicaconE 201108 q2 [GeV?/c?*

Belle, PRL 103, 171801 (2009)
Babar, PRD 79, 031102 (2009)
CDF, PRL 106, (2011)
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Ch.Bobeth,G.Hiller,D.van Dyk
JHEP 1107:067,2011

B — K*uu: Asymmetry

Theory M Binned theory
-e=|_HCb
————

e Still limited statistics <
e (Good agreement with SM

0.5

I
+
H

T

05 LHCb
Preliminary
. | LHCb-?ONF—2011—038-
0 5 10 15 20
q2 [GeVZc4]
m
< Example:
X 02— FBMSSM 111 .
N - f -
m I."I.
~~ i !
q—
N’

g~ (GeV7) W.Altmannshofer et al.,
JHEP 0901:019.2009
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B— K*uu: Comparison

Theory B Binned theory
~-LH CI:;

E | T | | | T | | T I | T | | i
< -
0.5
+-
0.5 LHCb

Preliminary

| | I | | | | ] | | | | I | | | |
0 5 10 15
g2 [GeV?/c¥

()
o
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Sub-Summary

2) B — K uu

>

>

>

Most precise measurement of Arg
. Zero-crossing point is next

Still limited statistical precision
. 3x more data on tape

More angular observables available

| R A B —21—{.(_3[A||Aj_:}

R 1 2| i L 2| ’_l-|||2
y AL =AY

N
44T —_—

4(2)
rlT _|.1 12 14 19

(3 |AOLAiEiL + rlHB‘”IHR|
Ayl =

(< Ao A%, — AfRA
U.Egede at al 4[4)_| 0L 1, orALR|

JHEP 0811:032.2008 T [Ap Ay + AorAfgl
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B°.—uu: Motivation
=  Branching Ratio very sensitive to NP models
Br(B, — ptp )sy = (3.2+£0.2) x 1077 Py LettB604 402 206, 2011

= BRstrongly enhanced in MSSM at large tanB: oc tan®B/m,?
>  Example: 10x higher BR for tanf=50(20), m,,=800(200) GeV

Allowed parameter space from fit
in constrained MSSM:

1-CL

60 1 :"' "'I"'I"': :"""'I""I""I""I'/',":
09 m,.=200 GeV /
“~ 103 3103} /A
0.8 J;s: '3 /__/
0 .7 3 ;,.. .. .
T D /7,
0.6 g, 102 ei 102 | _.",I,/ _
b9 g i /
0.4 3 2 / ./ 10x.SM
03 1T " N
. o /[\ : xf, |
02 % ) e
0.1 - 1 — - . 1 w/ i
100 200 300 400 500 600 700 800 9001000 ° 200 400 600 800 ioo0 10 20 30 40 50 0
M, [GeV/c?] — My, (GeV) '— tanp
_ O.Buchmuelleret al. Eur.Phvs.J.C64:391-415,2009 A.Buraset al., Nucl.Phys.B659:3,2003
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O - ] -
B°.—uu: Motivation
=  Branching Ratio very sensitive to NP models
Br(B, — ptp )sy = (3.2+£0.2) x 1077 Py LettB604 402 206, 2011

= BRstrongly enhanced in MSSM at large tanB: oc tan®B/m,?
>  Example: 10x higher BR for tanf=50(20), m,,=800(200) GeV

Allowed parameter space from fit

60 in non-univ Higgs mass (NUHM): 1'?'
- 0.9
50:- 08
Iy 0.7
- 0.6
] 0.5
- 0.4
20:- 03
10f 0.2
- 0.1

00 100 200 300 400 500 600 700 800 9001000 0

M, [GeVi/c?]
O.Buchmuelleret al. Eur.Phys.J.C64:391-415,2009

T T T T T ] T LA B B B A
My +=200 GeV
a;—« 103 3 107k a
3 !
+ 3
/? J:i\i
ST m 102} .
o -
o 5
'>\ k :)f( _/:
3 . ; o
'3 > < 10x. SM
A 10 flfm === ———f= o
= o
@ &
1 E - 1 .
200 300 600 800 7000 ~0 2030 403060
— My (GeV) '— tanp

A.Buraset al., Nucl.Phys.B659:3,2003
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O - ] -
B°.—uu: Motivation
=  Branching Ratio very sensitive to NP models
Br(B, — ptp )sy = (3.2+£0.2) x 1077 Py LettB604 402 206, 2011

= BRstrongly enhanced in MSSM at large tanB: oc tan®B/m,?
>  Example: 10x higher BR for tanf=50(20), m,,=800(200) GeV

1-CL
o 60 - 1 ] SRR AR AR A
S m+=200 GeV
“ soF 3103k /A
L '3 Yo
: +:i _,-'/
40F A
: é 102 . ff_.f ..__-I,,,, |
30fF & /i
» e g
20F 210 |mmmmmnfo i 10X SM]
L = ’l\m ; ;'; y
10f € SM-like A
E R P x| /4
B ~ 1 F 3 I St -
r l :|||I|||I|||I|||_ E||||||||||||||||||||||||||||_
00 100 200 300 400 500 600 700 800 9001000 200 400 600 800 1000 10 20 30 40 50 60
M, [GeV/c] — My (GEV) '~ tanp
Curves obtained through Superlso, (eg. F.Mahmoudi, arXiv:0906.0369) A.Buraset al., Nucl.Phys.B659:3,2003
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BO.—uu: at LHCb

Analysis based on "
1) Mass

2)

Kinematic / geometrical
(eg. 15, IPg, IPS,, DOCA, isolation, ...)

»  Compare observed to expectation

30 Nov 2011

Candidate B®.—uu event, 14 June 2011

Niels Tunina - View on Recent Results of LHCb - APPS2011
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BO.—uu: mass

10 J/ —
19 9 % Y LHCb preliminary 2011
10 = Vs =7 TeV
10°= | po w(2S) L ~ 150 pbr
107 E

Y (1S, 2S, 3S)

cand. (not corrected for efficiency)
-k
o

10
1 0 "
10~ B s THMH:

10-2 Lo L I

102
! >4 10 m(u) [GeV/c?]

2
II|II|||| Illllﬂl‘ II|I|T||‘ Illlllll‘ II|II|||‘ II|Iﬂ||| IIIII|||| [T
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BO.—uu: mass

10 J/ —
19 9 % Y LHCb preliminary 2011
10 = Vs =7 TeV
10°= | po w(2S) L ~ 150 pbr
107 E

Y (1S, 2S, 3S)

cand. (not corrected for efficiency)
-k
o

10
1 0 "
10~ B s THMH:

10-2 Lo L I

102
! >4 10 m(u) [GeV/c?]

2
II|II|||| Illllﬂl‘ II|I|T||‘ Illlllll‘ II|II|||‘ II|Iﬂ||| IIIII|||| [T
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BO.—pu: mass

cand. (not corrected for efficiency)
5

w(2S)

Y (1S, 2S, 3S5)

s(M) = 16 MeV

10

2
mGw) [GeV/c?]

s(M) = 40 MeV

— = 1 I 1 I 1 1 I 1 1 I 1 1 1 I 1 —5 — I 1 1 1 1 I 1 1 1 1 1 1 1 1 _]
L 30000} — o 9000 =
> n o ’ > 2000 o E
= 25000l LHCb Preliminary S LHCDb Preliminary -
= N ] o 7000 -
- B N o~ ]
= 20000} — = 6000 -
5 2ot Jy(1S) 1 3 ;
c B ] S 5000 -
© 15000 4 ¢ Y(1S,2S,3S) -
1T n ] W 4000 =
10000} - 3000 =
- . 2000 =
5000 — .
= ] 1000 =
o= : L . S — . — /\\ [
3000 3200 3400 3600 3800 9000 9500 10000 10500 13000
m,, (MeV/c?) m,,, (MeVic’)
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o(m) (MeV)
0

=0
=5
ZGE/ é
1 s A . L . . 1. 1 . . . 1 . . . 1 :
<L OO O SO Oy =000 “A O OO
m,, (MeV)

o(M).g =24 MeV (confirmed with B—zz decays)

- u | | | 1 ot | ] - 1 ot ! | -]
"% 300001 4 b %00 =
o - _ 1 =2 so00 _ =
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= N ] o 7000 -
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10000} - 3000 =
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= ] 1000 =
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Probability

B —uu: topological

Kinematic / geometrical:
1) B lifetime
2) IPp /4 IPSp ’ pT,|JI min(pT,p)
3) DOCA 2 muons
4) uand B isolation
» Combine the info ("BDT")
1|§""|5\'"|""|'"'|""|""|""|""|'"'|"'§
——
1_ ' - -
e = Signal (B —hh)
il __ o Background (mass sidebands)
""" LHcb - E
" Preliminary . ;|
10755176203 04 05 06 07 08 09 1

BDT
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60 BDT<0.25

BO—uu: event yields SR

40

g “F LHCb
=  Analysis based on 300 pb! 2| “jEsey
= Highest BDT-bin similar to CMS: S| _
» Observe 2 events, expect: P 0.25<BDT<0.5 :
= ~(0.7 background 4 k

. ~0.8SM * i 4 *
N \\\*\\\\ \\\\\*\\\ W (ft

0.5<BDT<0.75

(preliminary)

4= 0
35 - 0.75<BDT<1
3 s
2.5 -
Expected
B 08 4\\\\\ \\\J\_\\\\ \\\\;L\\_l
yleld (SM) 300 5350 =~ ‘|\-}| 5(;}?\0‘/:)
ev/c?
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BO—uu: event yields

BDT<0.25
\b\\\\\b\\\\\(\\\\‘\\\\‘\\\\\.\\

o
_ S| *f LHCb
= Analysis based on 300 pb! S| »f Preliminary
R 10 \Ns=7TeV
=  Around B, mass £20 MeV: S
O 1 v -
> Observe 11 events, expect: o | [ 025<BLT<0S5 ]
2 = ~9.5 packground 4 k
£« ~1osm * 4 *
e A\ \\\*\\ N \\\\*\\ .
o
3. 0.5<BD1<0.75
2.
1.
0. SN SRR \\\\t\\ SN SN
4' - —p— —p—
ssf 0.75<B|)T<1
3
N 28
Expected 15
B.O sHHK B T NN S \\\\l\\ e
yield (SM) B e e
M, (MeV/c?)
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B%.—uu: Branching Ratio

-x N
BR(BY — puTpu~) = BR(B, — X) Jq €x _H1H
L Is € Nx

e Main normalization channels: CDF: (f,+f)=0.142+12%
. d+ =V. 0
« BT"—J/ WK+ } (isgnoring gU(B) breaking effects

e BOSKtr and environment dependent)
PDG, a.0.: CDF, Phys.Rev.D77:072003,2008

« B> Jyp } Belle: BR(B.—J/y/¢)=1.15x10-3+25%

(23.6 fbt, 20% of available dataset)
R. Louvot, arXiv:0905.4345v2
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BO.—uu: Normalization: f/f,

N

0 +, =\ - fq\fX Ny fy/f.: Largest uncertainty
BR(B; = p7p7) = BR(B, = X fs }’mu Nx in BR determination

e Main normalization channels: CDF T/(f £ )=0.142412/
. : q+1,)=0. + 0
B*—J/wK* (isgnoring gU(B) breaking effects

. BO—>K+7Z" and environment dependent)

PDG, a.o.: CDF, Phys.Rev.D77:072003,2008

} Belle: BR(B.—J/y¢)=1.15x 10-+25%

(23.6 fbt, 20% of available dataset)
R. Louvot, arXiv:0905.4345v2

e BJ— Jyp

Novel method:
« Use B.—D,z"and B>—»DK* l

.
QQOQa0a .,

fa

A o TB. €D LT 4\:7__) K ki _ j |
— ]_2 . 88 >< - >< [N G.N 14‘ - - d ] ! IIY :J =AY
booo

fs TB4 €pgk ND,x ) yooS
‘ (D ,,_) 2 F(Sj('}??z) 2 E : i ’
N, = L\ g™ N = 0 g0 B L g $ 5
“ = a1 (DaK) R O d ||z
d d S S
R. Fleischer, N. Serra, N.T,
Phys.Rev.D82:034038,2010
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BO.—uu: Normalization: f/f,

e [ 0 D-K+ I T —~160F T T BO D -+ N
g B — ~ —_—> 71-
S £ |N, , =670+34 s s
Q 100' N - U q -_ Bl\.' _}D "T.
= Np-g-=252421 | =
E @ 1201 - ]
E 75F o -Bl‘.| —>D K' ; -1 :"I‘ - BP _}D: ';T.
4
E I:l Bn —D § 80 1] B"D _>D.s (37?) - a
@ SO m B DK ™ O B) =D, p’
I:l Bn _>D P . I:l ‘ﬂ“h—'}"ﬁ‘r:. m
25 Bl Combinatorial - 40 B Combinatorial |
H

0
5000

Novel method:

1" 1 D s = o =
5200 5400 5600 580C 5000 5400 5600

Mass (MeV/c?)

5200

fo/ fa =0.253 4 00075 £ 0.017%" £ 0,020

5800

Mass (MeV/c?)

LHCb,arXiv:1106.4435
Accepted by PRL

« Use B.—D,z*and B>—D-K* 37
d B ep,n ND,K e
_ - I'B, D, 4 q I =1
— = 12.88 % X | NaNp—"——=2 W
Js By €ep,k Np,x yooS
a1 (Dym) | F(gﬂ( m?2) ’ fg g "I
S K =0 | 3 = = = & [
Nﬂ- = 1" 7h 7 N, r = TT Bf.} g g , g8 g S~ DT
a1(Dak) Fy(my) V8 g 9 2 8 gGE |7
A > = 5l c f: \ ) = y a /
d d S s
R. Fleischer, N. Serra, N.T,
Phys.Rev.D82:034038,2010
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BO.—uu: Normalization: f/f,
IP of (D ,*w)-pairs: D, mass of (D" w)-pairs:

Events /(0.3 )

Events /

1900 1950 ZDDD 2050
In(IP/mm) m(K¥Kt*) (MeV)
. . . . LHCb,arXiv:1111.2357
Average with semi-leptonic analysis: Submitted
e UseB.—D u*Xand B—Du*X
e h o oc=+0.021
Combined value for f./f: <fs / fd) = .26 —0.020

LEP+Tevatron: f/f;=0.271+0.027
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B%.—uu: Branching Ratio

BR(B®, — uu)g = (0.32 £ 0.02) x 108

= Expected limit: BR(B%,—uu)<1.5x 108 @ 95% CL (bkgd+SM)
= Observed limit: BR(B%—uu)<1.6 x 108 @ 95% CL (preliminary)
> p-value background only: 14%

7 L I L N L D B L B

O 08 e Observed LHCb
0.7 — — Expected (bkgd+sm)  Preliminary

L=300 pb!

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IH

| IU.EI | I0.3I | I1I | 1.2I 1 14 1.6 1'30 2 2.2 8
B(B, — u* ) [10°]
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BO.—uu: LHC

0 + CMS combination

Invariant Mass (MeV /e?) Barrel region | Endeap tegon |
Exp. bkg. 0.60 4 0.35 0.50 4 0.40
Exp. misid. | 0.07 £ 0.02 0.04 +0.01
300 — 545
2300 = 5430 Exp. signal | 0.76£0.11 | 0.3440.06
Observed 2 1

» Observed limit: BR(B%.—uu)<1.08 x 108 @95%CL

> p-value background only: 8%

(CMS only: BR<1.9 109)

B | | | | | | | | I | | | | | | | | I | | | | | | | | i
o | CMS +LHCb -
i preliminary :
0.8 p= —
- m—— (Observed -
- me==: Expected * 1o i
0.6 = (background + SM) =
04 |- i
0.2 |- ]

[ el W 1 cuvseaseprizon -

0 L LHCh-CONF-2011-047
0 5 10 15
0 -9

BR(B® — pp) [107]
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Sub-Summary

Best limit on BR !
BR < 3.4 x BRgy,

Plenty of room for NP

vV V V V

The smaller BR, the more critical
is knowledge on f/f.

3) B%— uu
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Status before

Summer

0.6 i 95% CL
r : —— 68% CL
0_4:_ E —e— SM prediction
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» SMp-value44%

-0.4F SM p-value = 44%
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3) BOS — /é,u 8_: 0.987 <v, < 0.995 vy > 0.995
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http://arxiv.org/abs/1107.2304

LHCDb after
Summer

AT [ps]
o ©
e [=] = M'l'l'l

T
LHCb Preliminary -
\NS=7TeV,L-337pb” V?;—;\%‘ E
dy ). .
" -
-"'//\\'l :
..x / E
4

4 2

B%— Jlyo

1) BY% — Jyop
> ¢s=0.03 + 0.16(stat) +
0.07(sys) rad

2) B - K uu

> Ag<0

3) B%— uu

>  BR(B% — uu)<1.5 108
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Thank you
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Events /(80)

Events/(80)

Things I did not show...

1)
2)
3)
4)
S)
6)

Charm (and 4Acp)
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BR(B,—uu) vs tan®p

= Branching Ratio very sensitive to NP models o
Br(B, — ptpu )sm = (3.2 £ 0.2) x 1079 et ssananz.agn 011
= BRstrongly enhanced in MSSM at large tanp:

BSUSY(B. — (T(7) ) 4m?
Rpy = . L = (1 + 0g 1— —L)62,
Bt BM(B, — (+(-) (14 65)° + ( M2 ) S

2 A2
msin” 0, Mp
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Intermezzo: OPE
=  Example: B—uuK

»  Think of Fermi...: remove W from theory:

r s
I i
eg. throughce: [:> \/

C
b (a) Current—current
operator (Jy
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Intermezzo: OPE
=  Example: B—uuK

»  Think of Fermi...: remove W from theory
= Add QCD corrections:

C S C

e.g. through cc:
B—J/y(uu)K

C c
b (a) Current—current b (b)  Current—current
operator (0 operator Oy
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Intermezzo: OPE
=  Example: B—uuK

»  Think of Fermi...: remove W from theory:

= Add penguin operators:

b W S b ”® O — S

- / 4
J [j|> \/
b W S Z) HO - _-,
OV —-10A
C;F Ve Y 1
Heﬂ: - — ﬁ -L‘tb -Lf'tg ; C’L (’f_}f ) "'1"[]1-65&'1,-"__{; ) OZ (’U’)

A(B—uK) = <uuK|Hg|B> ~ GV V' 2.C<uuK|O;|B>
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Intermezzo: OPE
Example: B—uuK

Think of Fermi...: remove W from theory:
= Add penguin operators:

Ci: Wilson coefficients
= Calculable (

O;: operators | |
= Long distance hadr. eff.

(;F 7 7 Al A
Ho = = 5VaVid 3 €t Moo 010

» “Master formula for weak decays”:
AB—uuK) = <uuK|Hgy|B> ~ GV Vs ZCi<puK|O;|B>
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= In HQET expressed in terms of Wilson coefficients
= NP can appear as new operators, or with modified

Rare decays: OPE

=  Flavour changing neutral currents (FCNC)
=  Probe V-A structure of SM

coefficients!

Gr

Xﬂj Z( (0. Meay)Oi (1)

b W

L effectively:

(

b €

N

W

07.«. b

!

OQV —10A

(

S

p

[L
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=  Flavour changing neutral currents (FCNC)

Rare decays: OPE

=  Probe V-A structure of SM

= In HQET expressed in terms of Wilson coefficients
= NP can appear as new operators, or with modified

coefficients!

Xﬂj Z( (0. Meay)Oi (1)

b W

B (s)—’K *(p)y

Z

L effectively:

In principle both left-
and righthanded, ¢, and &’

B— K*uu

2L
U5 Op

s . Scalar current (Higgs)

&. Pseudo-scalar

(

b €

e

Or

BO—uu

&1OA’
s, Op

S b

-~

!

OQV —10A

Highly suppressed
in SM

N

(

S

p

[L
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Intermezzo 2: Allowed MSSM parameter space

0

Allowed parameter space from fit
in constrained MSSM:

constraints. These include precision
electroweak data, the anomalous magnetic
moment of the muon,

"(2-2)

B-physics observables (the rates for
*BR(b — sy) and

*BR(B, — 7v.),

"B, mixing,

and the upper limit on

"BR(Bs — p"p?)),

= the bound on the lightest MSSM Higgs
boson mass, My, and the cold dark matter
(CDM) density inferred from

= astrophysical and cosmological data,
assuming that this is dominated by the relic
density of the lightest neutralino, yh».

PP PN PR PPN PP PP PRIPE PP PR PP
0 100 200 300 400 500 600 700 800 9001000
M, [GeVic?]

O.Buchmuelleret al. Eur.Phys.J.C64:391-415,2009

shown are the 5-0 discovery contours for
observing the heavy MSSM Higgs bosons
H,A inthe three decay channels H,A —
Tt —

1) jets (solid line),

2)  jet+u (dashed line),

3) jet+e (dotted line)

at the LHC. The discovery contours have
been obtained using an analysis that
assumed 30 or 60 fb~/ collected

with the CMS detector.
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