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Topics discussed

Modes ATLAS CMS LHCb BaBar Belle CDF Theory
Presenter Ibragimov  Ronchese  Archilli Wilson Maestro Bobeth
B(S) — W X X X X X
B, — WHUW X

D° — pr X

b—suw X X X X X
B* - wurw X

B% — wv () X X

LFVB*— h*1l (x)

CLNV (x) (x)

B —- X I"I*

Disclaimer: This table does not indicate which topics are
being worked on.
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Observed Limit

Ner-e

0 +11-
B, — uu
d 'E —4— Observed CLs Iskander |Ibragimov, ATLAS
E ----- Expected CLs - Median
— Ij Expected CLs+ 10
51 ; 3 [ Expected CLs =20 » Extracted with CLs method
0_
i » Use profiled likelihood ratio
10"5— ATLAS
L is=7TeV * Likelihood for CLs is multi-bin:
- Ldt = 2.4 10" .
ol I — three bins in muon |n, .,/
] AT M S !
0 1 2 3 4 5
BR(B,—p)[107]
< CDF: <4.0x108@ 95% CL (7 fb1)
= Observed limit < 2.2 x 108 at 95% CL [arXiv:1107.2304]

CMS: <0.77 x 108 @ 95% CL (5 tb1)
[arXiv:1203.3976]

< LHCb:<045x108@ 95% CL (1 fb")
[arXiv:1203.4493]

June 14th 2012 l. Ibragimov, University of Siegen, HQL 2012 Prague 17

= Expected limit < 2.3 x 108 at 95% CL




rimt  [RRTRCUN
Paolo Ronchese, CMS
95% CL P-value P-value
lmit (BG only) | (BG + SM signal)
<’Bg — T [18x 1079 024 0.86
BY — T~ | 7.7 x 107° 0. 0.71

sumes freely-floating cross-feed

5 bl Ve =7Tev CMS 5 bl yE =7 TeV
2 0.4 T T T T -y T T ' T T T T T T
i 2 L —— Observed CLs _
L_JJ _____ ~ 0.4 ] s
0.3F .
B 0.3
0.2} 0af
0.1- 01
O:I L1 [ L1 xlﬂ'g D_I L1 T
4 6 8 10 12 4 6 8 10 12
B(B,—~uu) B(B—uu)
BR(BY — ptp™) < 1.6 x 1079 -

Expected limit: =

BR(BY — ™) < 8.4 x107°

P. Ronchese - CMS

B rare decays - 18
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(s)
Upper limits evaluation Flavio Archilli, LHCb

Last results with 1fb! data set: BO, sputu-  LHCb

\\\ Expected Bkg+SM

3 1..‘.||
© I

06 .

Mode [Limit at 90% CL at 95% CL \\ ]

: ( 0.4 \\ —

BY — utpu~ Exp. bkg+SM 6.3 x 1077 7.2 x 107" EObserv d Cl_s\,\ ]

Exp. bkg 28 x 107" 34 x107" 02] - -

O])Hf‘l‘\"(‘{'l 38 % 10 { 1.5 % 10 9 > . . ""'*-r..‘_-.h_- ]

u...l....l....l...:.... ; | Ll e o v ] |

B” — H.+H_ EN'). }'."]'{f.!, 0.91 x IU_“ 1.1 x 1”_:I ! 2 3 4 ° EB(B:T—:'M"'[:_)“D_%]
Observed 081 x 10 1.0x 107" D

“ 1 T T T

© T ]

oo B0y LHCb

A fit to the BR is also performed using a profile : -

likelihood method: “F Expected Bkg -

B(B% — p*p-) = (0.8+18,3) 107 04 - .

(B% = i) = ) I Qbserved Cls ]

0.2_— ~ ]

T e —— ]

II.'l.2I I II:II.«!I-I I ID.B 0.8 1 I I1.2 14 16 1.8
B(B, — w* u) I1 0™

[Phys. Rev. Lett. 108, 231801 (2012)]



Christoph Bobeth

Remark on Br[Bs — p ]

So far theorists neglected mixing of Bs = predict Bratt = 0: Br[Bs(t = 0) — [it]

But with new measurements of ATl (incl. sign) from LHCb and CDF, DG

= experiments actually measure time-integrated Br: [De Bruyn et al. arXiv:1204.1737]
1 o0 o
Br[Bs — fi] = Ef dt (T[Bs(t) — iu] + T[Bs(t) — fip])
0
1+ ys- Aar _
= )2 Br[Bs(t = 0) — fip]
with (LHCb '11) and

_ 2 inSM  Aar|sm = +1

= 0.088 + 0.014

Ys= 57
° beyond Aar € [—1, +1]/ depends on NP !!!

In SM for example largest uncertainties from

Br[Bs — jip]sM= (3.53 + 0.38) x 10—9> fg; = (234 = 10) MeV — 9%
Vis > 5%

[Mahmoudi/Neshatpour/Orloff arXiv:1205.1845] B; lifetime — 2 %
... or using precise AMs measurement to substitute fg, (and assuming SM)  [Buras hep-ph/0303060]

_ (3.1 +0.2) x 10, _D
Br|B = =(3.4+0.2) x 10
[Bs — pp]sm 0.91 = 0.01 \( +0.2) x

[Buras/Girrbach arXiv:1204.5064]
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B.° - u*uw Experimental Status

March 2012

| | | | | |
DO 6 fb™
PLB 693 (2010) 539

CDF 7 fb™

PRL 107 (2011) 191801

Updated CDF analysis

CDF 10 fb’'

www-cdf.fnal.gov/physics/new/bottom/120209.bmumu10fb/

ATLAS 2.4 fb’

ATLAS-CONF-2012-010

CMS 4.9 fb™

B
2
0

R(B! — wp') =(1.397)x10°
2x10° <BR(B) = u u*)<3.0x10° @ 90% C.L.
8x10” <BR(B = u ") <34x10° @ 95% CL.

CMS PAS BPH-11-020

LHCb 1 fb™

LHCb-PAPER-2012-007

SM Prediction

(68% CL region) |

By — W

0

20 4|0
BF(B.—~u'n)x 10° @ 95% CL

" Wolfgang Walkowiak - University of Siegen

Paolo Maestro

HQL 2012, Prague, 2012-06-15 p.7



Combination with CMS and ATLAS

B(s)0 — WH'
Flavio Archilli

ATLAS, CMS and LHCDb results have been recently combined

[arXiv:1204.0735, JHEP 1204(2012) 033, PRL 108,231801(2012),LHCb-CONF-2012-017]

3 1':"‘4-.;" S g 1:":
0.8 ~ ATLAS+CMS+LHCD B 08l CMS+LHCb B
o.a:— —: 0-5: _:

: B —ptpm : BO—ptp- :
04 — ~\ — 04 —]
. \\\ 1 [ ]
02— ~ — 0.2 —
L “h.,“. - L -
hamsssmsEEEEsEEEEIEEEEEEEEEEREEEEEEEE r“"‘-..__‘.- : : =
0 | | | |m (| AN T T T TN T B e 1 O S OV |

1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9

B(B] - u* 1) [10°] B(B® — ut u) 1107

CBR(Bs—ptur)<4.2x10° @95% C.L.>

» Excess over background at ~2c level (I-CL, (p-value)=5%)

» Compatible with SM at =24%)
BR(BO—p ) <0.81x10° @95% C.L>




b - s pfw

Paolo Maesto

» b— s uu* are rare FCNC decays, forbidden at tree level in SM.

SM predicts very low rates BR~105,

» Measure branching fractions is a good test for SM.

» Forward-backward asymmetry sensitive to BSM physics.
A in B—upkK* decay: predictions exist for several new
physics scenarios.

» Experimental status

B*—K*u*u- BaBar, Belle, CDF

B°—K™ O y*y- BaBar, Belle (2.7c deviation for A.g), CDF,
B¢ u*y- CDF, D@, LHCb

BOKp*p-  Belle, CDF, LHCb

B*—K™* uy*y- BaBar, Belle, CDF, LHCb

NS—Apty- CDF

" Wolfgang Walkowiak - University of Siegen

AL (B K'up)

LHCb ¢ L7
0.5 B M

-0.8

-1
0 2 4 6 8 10 12 14 16 18 20
q° (GeVic?)

HQL 2012, Prague, 2012-06-15 p.9




Fergus Wilson

B— KI'l- Branching Fractions

Predicted (PRD66,034002(2002)):
B(B— KI'I")=(3.5£1.2)x107’
B(B—KT'T)=(119+3.9)x10"’
Measured (arXiv :1204.3933) :
B(B—KI'I)=(4.7£0.6+02)x107’
B(B—KIT'I)=0102"+0.5%x10"

-13 —
+ e
K Il A % 50
e e |
~¥- BABAR, 471 M BB
—#- CDF, 4.4 fb"!
n_ —&- Belle, 657 M BB
- Kl [ ]Ali02
e [ ]Zhong 02
1 i 1 1 | 1 1 Il 1 | 1 1 1 1 | 1 1 1 1 I 1 i 1 1
0 05 1 15 2

Branching Fraction

BaBar, 471M, arXiv:1204.3933

(submitted to PRD)

Belle, 657M, PRL 103, 171801 (2009) v of Si
CDF, 6.8fb-1, PRL 107, 201802 (2011) ity of Siegen
LHCb, 0.37fb-1, PRL 108, 181806 (2012)

25

x10°

Paolo Maesto

CDF Il

BR(B*— K*p*p)= 6.8 fb”
[0.46 + 0.04+ 0.02]x105
BR(B,"—¢u*y) =
[1.47 + 0.24 * 0.46]%x10-
BR(B’—K™u*p’) =
[1.02 + 0.10 % 0.06]x10-
BR(B*—K"*u*y) =
[0.95 + 0.32 + 0.08]%10-
BR(B—Kou*y) =
[0.32 £ 0.10 £ 0.02]x10°
BR(A,'—Ap*p) =
[1.73 + 0.42 % 0.55]x10-®

First observation

HQL 2012, Prague, 2012-06-15 p. 10



Angular Analysis: B = K™ utw

LHCb 1 fb'1 Babar: 5. Akar, Lake Louise 2012 FIaVIO ArChIIII’ LHCb
Belle: Phys. Rev. Lett. 103, 171801 (20009) (also: F. WI|SOH)
F CDF: Phys. Rev. Lett. 108, 081807 (2012)
L LHCb: LHCb-CONF-2012-008 AFB
Theory B Binned theory Theory B Binned theory
Lo _.._.Lk!cbl —+—CDF . —5-BELLE —*BaBar_ o 1 ~®-LHCb —+~CDF _-®BELLE —* BaBar
woor LHCb : < [
Preliminary ] f E
LHCb {
- Preliminary 1
oL 1 L, e
0 5 10 15 20 0 5 10 15 20
¢ [GeV¥ ! ¢ [GeV3/ ]

= A__ zero crossing: g°, = 4.9 GeV?/c* (first measurement)
[LHCb-CONF-2012-008]

[C. Bobeth et al., JHEP 07 (2011) 067:
M. Beneke et al., Eur. Phys. J. C41 (2005) 173;
A. Al et al., Eur. Phys. J. C47 (2006) 625]

< All consistent with SM, yet room for NP

" Wolfgang Walkowiak - University of Siegen HQL 2012, Prague, 2012-06-15 p. 11



Isospin Asymmetry: B - K% utuw

Ap =

Flavio Archilli, LHCb
B(B® — KOt p™) — 0 B(B* —» KW¥uty) (also: F. Wilson)

B(BY — KOOty + = B(B* — K&yt )

[LHCb-Paper-2012-011] LHCb: 1 fb

[BABAR: B. Aubert et al., submitted to Phys. Rev. D, arXiv:1204.3933 |
[Belle: J.-T. Wei et al. Phys. Rev. Lett. 103 (2009) 171801, arXiv:0804.4770]  wife For B — K* u+ u-
[CDF: Phys.Rev.Lett. 107 (2011) 201802, arXiv:1204.3033]

consistent with zero
P R OF T PHLE T DaBaw (SM prediction)
LHCb <% For B —» K u"u below
B—Kup zero; deviation 4.4 ¢

(integrated over g?)

<+ BaBar/Belle: “consistent
with SM predictions at
2.1 cand 1.2 ¢ level
respectively” [Wilson]

HQL 2012, Prague, 2012-06-15 p. 12
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First observation: Bt - n* u*tu

’ |_, [Phys. Rev. D77 (2008) 014017

W 5 o
SM prediction: a hoa i v/ o S
I

BR(B+—mtpty-) = (1.96 + 0.21)x10° o] w (e s
Prev. Exp.:

BR (B*—mtptyp) < 6.9x10°8

b
(Belle Phys. Rev. D77 (2008) 014017) > LHCb
2 Preliminary
1 . < ) <L < - —
LHCb has seen this decay in 1fb™t & Bttty
Observed 25.3167_¢ 4 events £ Comb. bkg
N 2 B+ K+pty-
J /UKt decay used-as-rermalizatian channel i
@E’:}_E_FH_F ',J—)= (2.ilig.ﬁgtgtio-gayst)}xlo_g
5.00 exXcess . gy

5000 5500 6OO0 6300 TOM

Nicely match with SM prediction [LHCh-CONF-2012-006] My, (MeV /c?)

Rarest B decay ever observed

Flavio Archilli, LHCDb

" Wolfgang Walkowiak - University of Siegen HQL 2012, Prague, 2012-06-15 p. 13



B° = vv (y)

v 5 5
_ W+ ) i
5 e v b e F v b Wt v
¢ ! W . th e ---
d - - 7 d g, = 5 d w2 2
ey

Fergus Wilson
BaBar/Belle

Standard Model
~ 10-9

- Belle:
Mode N,, Ny UL(90%)
B = invisible 9+6 ~100+23 1.3x10™

< BaBar: new analysis

Mode N, N, UL(90%)
—22+9  334+21 24x107

B® >invisible+y -3.1£52 11312 1.7x10°°

B" — invisible

" Wolfgang Walkowiak - University of Siegen

New Physics
~107 ... 10°

i 7 K d——
b Vi b
d > ——V;

i ¥
<« .
br ¥

p—+——%}

Vi

HQL 2012, Prague, 2012-06-15 p. 14



Theory: Global Fit to Observables

Extension of EFT beyond the SM . .. _
Christoph Bobeth

4G .
n 7/_2’“ Verm D (Ci + AC)O; + Y C0;(777)
NP

Vv SM

<% Fit for Wilson
coefficients

< O(5) observables
< O(30) nuisance

“Global Fit” = combination of b — s + (v, "¢~ ) observables

Parameters of interest J

0= (Cj) Observables
parameters
1) observables
| O(d.7) < Results like:
Nuisance parameters depend usually on sub-set of § and .
1) process-specific "
; : 2) experimental data for each observable
FF’s, decay const’s, .
LCDA pmr’s, pdf(O = o) -
i sub-leading A/my, S 0
renorm. scales: 11,0 = probability distribution of values o ) . ®
2) general »
quark masses, CKM, ...

-1.0 0.5 0.0 0.5 10
Cr

" Wolfgang Walkowiak - University of Siegen HQL 2012, Prague, 2012-06-15 p. 15



Conclusions

Experiments:
< Real progress made in experimental results.

-+ | HC experiments are catching up;
LHCDb has a wealth of data.

+ BR(B," — u'u) <4.210° @ 95% CL (ATLAS, CMS, LHCDb)
BR(B° — u*u) < 8.1 10"° (CMS, LHCD)

< CDF, BaBar and Belle improved their analyses.

<% b — s u'w is mostly consistent with Standard Model

<% No clear sign of New Physics (yet).

Theory:

= |nteresting idea of using combination of all experimental
observations in global fit for Wilson coefficients.

" Wolfgang Walkowiak - University of Siegen HQL 2012, Prague, 2012-06-15 p. 16



Supporting material
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Impact of the latest LHCb limits

B °— uw
(S) !"L !”l'
O T Flavio Achilli, LHCb
. U .
w°
&
—~ 15 | MSSM-LL o
3 O
f |
~ |
T [
- 1.0 T
9,
o
m -
>( R - b
o 05 From D. Strau
— @Moriond EW.
MSSM-AC
0_0 ' 1 L 1 M i L L 1 i n " " i L L " 1 Il L " i L 1
0 10 20 30 40 50
[CDF, Public Note 9892 (2010)], 9 +,, -
[ATLAS, CERN-PH-2012-067), 10° x BR(Bs = u'p")
[CMS, BPH-11-020 (2012)] CDF CMS ATLAS LHCB SM
luminosity (fb') 10 4.9 2.9 I
BR(B" = p*u-) 95% CL upper limit (109 4.6 1.8 1.03 0.1+0.01

BR(B— p*u-) 95% CL upper limit (109 3 7.7 22 45 3.240.2
T



Fergus Wilson

*) J+]- D P
B—K®I'l' Angular Observables F, and Az
Longitudinal polarisation, F, Forward Backward asymmetry, Ag
1 d 3 3 1 d 3 3
T(s) d cost, ZEEL(S)COS?' 0, +1(1—FL(S))(1—COSZ &) ﬁa’cosﬁ, =1FL(S)C05293 +§(1—FL(S))(1+ cos” 6))+ A, cos 6,
CE T T in ¢ o] _'_ LN :
i Preliminary ' Al Preliminary | | ;
08 - H J hlf y(2S) ‘— A 1 JIW w(zs):'. ‘ + |
06/ L e : N | p | E
04_’1 v ++ .I i m{- ......... - + v - _‘ o i ]‘l oy i Y -
oz W 1 [ yald .—I __ 0.2 T = o AR A ﬂ‘ P
o ] 1 A ] n: U Il ® . :
ol T 1 | T - |
-0'45---- A I I Lo L r' I-'-----I—:‘0.40:"'£"'4"'6"L1|3 TRENETS 14["1Jﬁ""1|a”'2
0 2 4 6 8 B t1 ngk‘} s (GeVicY)
B KIT VKT A KT e Tas, 170t aos
® CDF ¢ Belle [ LHCb Lﬁ(;;, 0.37f-1, PRL 102, 1B1é06 (2){112)
............ Standard Model CDF, 6.8fb-1, PRL 108, 081807 (2012)

*Most precise non-LHCDb results so far
*Generally good agreement between SM and experiments
*Some deviation at low-s from SM

14th June 2012 Rare and Forbidden Decays at BaBar & Belle, Fergus Wilson, STFC/RAL 22



) . . Fergus Wil
B—K™I'F Isospin Asymmetries == %gf

} | SOSp | n Asym m etry: BaBar, 471M, arXiv:1204.3933

Belle, 657M, PRL 103, 171801 (2009)
KO BB° - K“I'I"y—r.B(B* — KV I"'I)
' BB = KTy +rBBT =Ky -

< 1.55_(3) | —'!—BABAR,4?1MBE§

> SM: ~ (0.5+2)% at low s, 6-13% o KU %“"“’““““é
over all s. 05 ; =

, 0641 ; ¢ % =

» Possible asymmetry below J/v. A= s
BaBar - 1.5 E

ow +7- : < - (b ]

A (B — KI'I") = —0.58"°% +0.02 15 (Q%K*lﬂ -

ow *1t 71— . 1;_ | i B
A"(B— K'1'17)=-0.25"2+0.03 05, qu E
Belle : 0 —‘L J"{ _’JL —t -

- o | -0.5- E
A™(B— KI'I")=-031'"" +0.08 _1:%“ B
A™(B— K'1"T")=-0.29£0.16+0.09 s (GeVc

» Consistent with SM predictions at

2.1c and 1.2c level respectively.
14th June 2012 Rare and Forbidden Decays at BaBar & Belle, Fergus Wilson, STFC/RAL 21



Paolo Archilli, LHCb

B—K utu™ results

[LHCB-PAPER-2012-011]

» Differential BR measured

» A for the B—K*ptp~ is consistent with zero, as predicted by
the SM

Theory M@ Binned theory —e-Data Theory —e-Data
L B A B R L L L

G 20 T e
E 18 B" = K"utu LHCb - B—=Ku'u LHCb =
O 16 = 3
T = E
X 3 3
o8 E 3
= = =
Sy E ‘
= = =
a'a) 3 =
= E 3
0 ISIIIIIIIOIIIIIISIIIIZIO- Iélllll:I]IIIIIISIIIIZIO-

g* [GeV?/c?] ¢ [GeVH ]

21
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