 Rare Beauty, Charm and Tau decays
at LHCb




Outline

» Introduction to rare decays
* Branching Ratios

— Measurements and limits

- Angular analysis on B —K*Op*u-

- Isospin asymmetry on B —~KCOp*u-

* Conclusions
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NP through rare B and D decays

* FCNC (AF = 1 and AF = 2) in the SM are suppressed and only
produced at loop-level.

— Promising to look for new contributions in the loop from heavy
particles.

- NP can enhance BR or modify Lorentz structure
- Explore the transitions:
* b-sltl b
* b->dlfl
°* b—-sy

 Indirect searches are complementary to the results from GP
experiments.
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DY L™ LHCb-CONF-2012-05

* Very suppressed in the SM with a prediction O(10-13- 10-11)
[Phys. Rev. D66 (2002) 014009]

* Correlated with the D° mixing in some NP models through
- Xp = AMy/l; [Phys. Rev. D79 (2009) 114030]

 Analysis based on D*-tagged samples with 0.9 fb-l. Provides clean
samples.

- Selects D*+*->DO(utu)

hrﬂ""‘—}ﬂﬂ (uFu—)m+ ETRIG’ EREGD ESEL

0 + =y T T T 0 + -
B(D" = p"p”) = N X TRIG " _RECO * .SEL xB(D" — mTm)
D*+=D%mta=)xt  Cpup pp fLp

» Two-dimensional fit to the DY mass and D** - DY mass difference.
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DY L™ LHCb-CONF-2012-05

v [ | ] S 06 | ]
Gl T s | S
= B o B : Observed CLb 7]
g L = r-’-_- Expected CLs - Median -
Z 100 — 04 + [ Expected CLs * 1o ]
,g i ] | [ ] ExpectedCLst 2o |
L<1|>J) LHCb Preliminary ] - LHCb Preliminary
> L=0.9fb’ B - -
i o 0.2 0.9fb™ _
T T s |
m(upm)-m(up) (MeV/c?)
o 0 - —t—
S LHCb Preliminar ] 0.5 1 5 2
: oo T B(D® — ) (< 10%)
5 190 : LHCD result. World best limit
2100 _ _
8 I B(DY — putp™) < 1.3 x 1078 at 95% CL
L Y Iy
50 - “_\’ -
0 Erneais e Previous best limit by Belle
1800 1850 1900 0 -
M) (Mev/c) B(D” = ptp~) < 1.4 x 107 at 90% CL
Signal DO%—p*u~: light solid (compatible with 0) [Phys. Rev. D81 (2010) 091102]
Bkg D -ttt dark dashed (can be predicted
from data)
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+ —_—
BT - T LHCb-CONF-2012-006
« b - dl*l transition never observed before.

- In SM is suppressed by |V, /V,| = BR = (1.96+0.21)x10®
[Commun. Th. Phys.

— Suppression may not appear in NP scenarios. 50 (2008) 696]

-

. N3+ gt — ER+ s J/a K+ .
B(BT a7 u p™) = LA A L % B(BT = J/YK™)
Np+,j/pk+  €Btomtptu-

LHCb
Preliminary

- Rarest B decay observed by LHCb
Signal

Misidentified B* -» K*u*u-
Partially reconstructed
backgrounds

!

. . . 5000 o 5500 ' %E)O[; 6500 7000
First BR measurement of this channel with 1.0 fb-! My, (MeV/c?)

- 5.20 significance

Events / (20 MeV / ¢?)
-

25.3%67 ., events

B(BT — ntputpu™) =244 0.6(stat) = 0.2(syst) x 107°

Ricardo Vazquez Gomez. LHCb Rare Beauty and Charm. 6

\_—— —— — R A




Majorana neutrino

Processes mediated through Majorana neutrino with 2 same-sign
muons in final state = Lepton Number Violation processes:

- Virtual neutrino (a) » D*,D"*

— On-shell neutrino (b,c) = 1", K*, D+, DOt

(@)

Ricardo Vazquez Gomez. LHCb Rare Beauty and Charm.




[PR Lett. 108 101601 (2012)]

[arXiv:1201.5600] (to be
Majorana neU‘tran ubllzhed in Phys.Rev. D)

» Use B=J/y K and B=(2S) (=1t J/P)K" as control channels.

* No signal for any of the channels have been found.

B(B~ — Du~ p™) < 6.9 x 107" at 95% CL
B(E D% n ) ) <24 s W af 95% CL
B(B- o n'u ) <13x10°at 95% CL Most restrictive limits to-date
BIE s K'p p ) =54 %310 at 95% CL
B(B™ 5 Dryu ) <58% 107 at 95% CL
B(B~— — D2 u—u~) < 1.5 x 107° at 95% CL

Sample of 0.036 fb! & 0.41 fb-!

ey
g
o

a
o
1

E LHCD ]'3-_,']'[*'“'—“— & osf LHCD B- _>D+S|1 u

E (a) 0sf (b)

Upper limit (10%)
g &
5 &

S
Upper limit (10°)

o
2

-
o
T T TT

[ E FEPIE BPEPEPEPE BPEPEPEPE SPEPEPEPE BPEPEPEFEE BPEPEPEP B
0 1000 2000 3000 4000 5000 2000 3000 4000 5000 500

1000 1500 2000 2500 3000
Majorana neutrino mass (MeV) Majorana neutrino mass (MeV) Majorana neutrino mass (MeV)
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LHCDb-CONF-2012-003

+ —_—
B, - (QU*HL
- Measure the branching fraction B, = @u*u~ normalised to B, »J/@

B(B? — optp™) B P‘f'rgg—};&;ﬁ;n— "
B(BY — J/v¢)

EB[:'_}JE-" ir , —_
A LN B(J/W — pFp™)

PH'IEE—}J,H_;'.-:p EBY s putp-

* SM prediction is 1.61 x 10 [J. Phys. G29 (2003) 1103]

* Measure in 6 bins of di-muon invariant mass (q2)+ 1 bin in range
1.0 fb!

Entries / (10 MeV/c?)

[1-6] GeV?2/c*using

— ~ 01210
NE 25— r}, -
10°— LHCb > LHCb 2 F LHCb
£ Preliminary E Preliminary g 0 Preliminary
g2 77%10 %
o [ T 008
2 £ . events } :
102 E l
E 0.06—
; 10—
0.04—
% BN -
- 5 u WL H l H l 0.02—
7\ coa v b b Gi‘l‘i“““l‘” e N I A W T R R O_II|||||||||||||| PR PRI B
5150 5250 5350 5450 5550 5150 5250 5350 5450 5550 ¢ 2 4 & 8 10 122 1 16 "3: .
M(K 'K 1) (MeV/c?) M(K'K 1) (MeV/ic?) o (GeVc')
B(Bg — ¢puT ) = 0.78 = 0.10(stat) & 0.06(syst) + 0.288 x 107°
Ricardo Vazquez Gomez. LHCb Rare Beauty and Charm.
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Bs/d - W

+ Experimental limits approaching the SM predictions with 1.0 fb-l.

B(B? = pTpu) < 4.5 %1077 at 95% CL

B(BY = pTp")=32+02x10""
SM ( K LHCb

B(BY — ™) =0.10 £0.01 x 1072

B(BY — ptu) < 1.0 x 1079 at 95% CL

[JHEP 1010 (2010) 009] [arXiv:1203.4493] To be published by PRL

- Some NP models have reduced BR for Bi—=p*u~ with respect to SM.

20

LHCb 95% C.L

~ 15 | MSSM-LL Strong constraints on
2 NP models.
2
s L0 T
& ' [arXiv:1107.0266v1]
ad]
02 05
MSSM-AC |

0.0 L. h A 1 — P 1 ' ' i 1 R ' P PR ' a1
0 10 20 30 40 50
10° x BR(Bs — wu7)
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Bs 4™ |J.+p._l,l+|.1_ LHCb-CONF-2012-010

« SM prediction for Bg is BR <1010 [phys. Rev. D70 (2004) 114028] ‘
B(Bg,d — pT ) B NBE,d—?#Jr#‘#Jr#_ v €EBO— T/ YK ™0
B(Bg — J/’#I}K*ﬂ) ﬁng—?JXﬂ;K w0 EBL},E‘,_}”-I_#‘_“-F”_

xB(J/ — pTp ) xB(K*® — Ktn™)

First searches of these decays. Use 1.0 fb-!

Non-resonant window

g
n

o F -\ LHCb ] E— -
> 3F § Ilgll‘il(i:r?linary 4| B(Ba = 1w u i p7) < 5.4 x 1077 at 95% CL
GJ - -
S 250 X =
& L& § A B(BY = T pTpT) < 1.3 x 1078 at 95% CL
lq: § Bs window ]
L2 150 : -
§ - \ §' Bqwindow 3 Onpe event on By mass window
T AR §§ 3 compatible with background
0.5F X - expectations.
TR\ I World best limit
4800 5000 5200 5400 5600 80O
M. .. (MeV/c?
WYt
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+y 00— [arXiv:1205.3422]
Bd - KS u‘ l‘l To be published by JHEP

* Spin-off from the isospin asymmetry measurement with 1.0 fb-1.

— First observation of this mode — 5.70 significance

& LT — Theory -aned theory +Data
= 10_(a) LHCb B T SET ) E
= B’ Klu*u (L) E B’ —)K utu LHCb :
= T | < ¢ E
2 am || A = 5 :
g P + + H H = 2F | =
o 2 ) ol e - -
IR Amarn e L 3 :
5200 5300 5400 5500 5600 5700 % - ]
Mooy [MeV/c?] OF =
L I R S B LR R R B R B B B -1 IS S S S S S L 1 o n
25 () _ 0 5 10 s 20 25
LHCb 7 [GeV¥cH]

B"— Kju'u (D) 4
LHCb

- B(B° s K9, T 0.3170-07 10~6
}l measurement (Ba — K p"n) = ( 0.06) X

Candidates / (10 MeV/c?)

| MM ; h - SM prediction B(BY — K% tpu~) = (0.35 £0.12) x 1076

O a0 o600 —700 [Phys. Rev. D66 (2002) 034002]
[MeV/c?]
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| T SUTUU” LHCb-CONF-2012-015

* Lepton Flavour Violation decay with SM prediction below
experimental reach.
f(r=(D7)) (RECxSEL TRIG|SEL N,

cal cal ig
B(Ds — 77 v5) (RECxSEL TRIGISEL N _,
5iq sig

B(r™ = p " p”) =B(Dy — d(uTp")m)x

* First measurement of this channel on a hadronic environment.

_r 1= T T T T T T T T

° LHCD preliminary
Expected limit ~
bserved limit -

LHCD result with 1.0 fb!
B(r~ = ptp~p) < 6.3(7.8) x 107% at 90(95)% CL| °°

0.6

Already comparable with the

current best upper limit from Belle 0.4

Belle result 0.2
Bt = ptp p) <21 x 107" at 90% CL S —

[J. Phys. G37 (2010) 075021] ° BRO — u* - px 10°1
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Events / ( 10 MeV/c?)

Events/(10)

Events / ( 10 MeV/c?)

Differential BR B, - K* ™~

LHCb-CONF-2012-008

Differential B

60—

LHCb
Preliminary

4m2 < q? < 2.0 GeV/c*

|||||

00

5600
My (MEV / %)
60 -
I LHCb
: Preliminary
40—

4.3 <¢*<8.68 Gevict ]

My, (MEV / 7)

900+ 34 events

60 —
I LHCb
: Preliminary
40 -
| 14.18 < ¢? < 16.0 GeV/c* |
20 -
o=
5200

5400

it 18 L
5600 5800
My (MeV / c?)

R as

Events / ( 10 MeV/c?) Events / ( 10 MeV/c?)

Events / (10 MeV/c?)

a function of q2. Normalise with B4 = K*0J/y

60} .
! LHCb e Theory W Binned theory
Preliminary
“or 20<qf<43GeVict e 1.5/ _,.-.LH.CbI T
1% LHCb :
- ) Preliminary |
My (MeV / ¢%) x 1 —
M~ -
60) . o -
LHCb -
Preliminary o 7
40 10.00 < ¢ < 12.86 GeVA/c* -8' B
N 0.5 -
20| — t]n -
o i
mKﬂN‘ (Mev / CZ) 0 '] '] '] '] I '] '] '] L I L L L L I L L L L ]
ool ] 0 5 10 15 20
- LHCb. q2 [GeV?/cY]
i Preliminary ]
' R Most precise measurement to-date.
] Consistent with the SM predictions.
iloiidihel Use the full 1.0 fb'!
My (MeV / ¢7)
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Angular analysis B ;- K*Op*u-
LHCb-CONF-2012-008
 Angular distribution parametrised by 6 q?>-dependent parameters.

* Not enough statistics yet to perform a full angular fit.

d‘T

|

s F
dcos 0;d cos O dpdg? 167 a

~ Fold the distribution¢ =¢ + 1t if @<0 and b=aif @0
9

cos? O + 3(1 —

' 3

(1 — cos? O )+
Fy, cos? Ok (2 cos? 0 — 1+ pAhi:phi

III III
| \
N | Nk
1 2 2 b e | b i
1(1 —|FL](1 — cos” Bk )(2cos” 8, — 1)+ b ¢ | \ \
N g i \ i
S|l — cos® O )(1 — cos® 6;) cos 20+ ey, \\ | "-.1 '\I
T ’ Ras, Ngg |
gAFB 1 — cos” O ) cos O0;+ o X ‘.\ e LII -
A1 — cos? 0x ) (1 — cos? 6;) sin 25) \\ I; \\ H"all ||I|I
T \\\ \ I'.H
. * . . . Rt ) |
F1, fraction of K0 longitudinally polarised N\ ‘-.i |
Sa, asymmetry in K*0 transverse polarisation \
App, forward-backward asymmetry
Arp, a T-odd CP asymmetry
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Angular analysis B ;- K*Op*u-

LHCb-CONF-2012-008

 Angular observables as a function of g2.

m
™
<

I Theory W Binned theory
—-|HCb
——

1—r

0.5F

o

* 4D fit to 3 angles and

I Theory mmEBinned theory
-8 HCb

LHCb
Preliminary

] mass. ‘ i ]
0.5F LHCb - E
_ Preliminary 1 e Error bars with :
B ——————. E— . . . L.y
0 5 10 15 20
o [GeV2/ci] systematic uncertainties. 122 [GeV2/c42]0
I Theory mBinned theory
1— _.._.LH.Cb, ———— ° Most precise c _.._.LH.Cb, . T T
LHCb ] < I ]
F Preliminary 1 measurement to-date ] ]
: 1 using 1.0 fb-1. : :
obf——3 —— i } o= } $ } ' —
o5l E Cor}51§tent with the SM osf LHCb :
[ 1 predictions. Preliminary 1
T é '1|0””1I5””20 o é ”'1I0” '1I5"”20
q? [GeV?/c?] q? [GeV¥c]
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Zero-crossing point B — K*Optu-
LHCb-CONF-2012-008

» In SM forward-backward asymmetry of di-muon system change sign
at a well defined value of q%p=4.0 — 4.3 GeV?4/c*

AFB

— Free from form-factor uncertainties

[JHEP 1201 (2012) 1071,
[Eur. Phys. J. C41 (2005) 173],
[Eur. Phys. J. C47 (2006) 625]

--Unbinned

-

e

First measurement of the zero-
crossing point.

1

1 -_Theory_ el Cc_:unting Experiment
- LHCb ;j//
0_5:_ Preliminary /
- 2
i ///ﬂ,l’-
| o
°L 70 /
0.5
_1: l

Compatible with SM
expectations (4.0-4.3 GeV2/c*).
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S

o (n) 44—
Isospin asymmetry B; - KV /U™
arXiv:1205.3422, to be published in JHEP
I'(BY - KW tp=) —T(BT = KW tuTp™)

NBY - KHOu+pu=) 4+ T(BT — K& +Tputu—)

A =

« SM prediction for B = K'u*u™ is -1% at low g2 [JHEP 01 (2003) 074]

* No precise determination for B = Ku*u~

Theory -e-Data
———————————

= S e e T N A B — 0.5 " T T3
< ] ]
" B—Ku'uw LHCb ] = o4 B—oKuuw LHCb 7
SE . 03 &

- n 0-2 —

T I

- _+_ ] ettt =
——1 |
r ] 0.2 =
1 — —r E

B ] -0.3

C ] -0.4
-5, PN PSP RIS B T T BT S (Y A S—— MR M M
0 5 10 15 20 25 0 5 10 15 20

¢ [GeV¥c] ¢ [GeV¥/eH
Significance of the combined deviation from 0 is 4.40

Compatible with BaBar result of 3.9¢ [PRL 102 (2008) 091803]
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| Conclusions

» LHCD is performing remarkably well and producing many interesting
results with 2010 and 2011 data.

- Branching Ratio limits have been pushed down or studied
for the first time.

- Angular analysis on B —K*Op*u-
- First measurement of zero-crossing point at B;—=>K*Op*u-
~ Isospin asymmetries on B —~»KOp*u-

* So far, all results are compatible with the SM predictions, but
| constraining the NP parameter space at TeV scale.

» Expect to take ~1.5 fb'! of data in 2012.

* More results to come at Summer conferences with full 2011 data.
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BACKUP
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Events /5 MeV

Majorana neutrino

5[ . ——— T S
: L H C b Peaking Background % o L H C b ‘:l Peaking Background -
4-_ = | o i
: . Combinatorial Background 8 | . Combinatorial Background |
=1 \ ™~ L
=1 m — —
3F s -
N ® L 4
- [ =
[ s F -
2 E | 1
3 1 .
1 5 1
i P | — | R Hl—'—#‘ —— i
5100 5200 5300 5400 0 1000 A e of e (MY
Invariant mass of ©'uu” (MeV) nvariant mass of n*u" (MeV)

Events in B- mass window compatible with bkg expectations.
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