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Motivations

Why rare decays?

Dileptonic B,y decays imply transition
between b and d,s quarks i.e. a Flavour
Changing Neutral Currents (FCNC)

In Standard Model (SM) FCNC forbidden
at tree level = very rare decays.

An ideal place where to see NP at work!
b W . " g . New Physics (NP) particles may
) di\ appear inside the loops or at the
o2 3 tree level in the interaction:
indirect probes of New Physics
Dileptonic final states:

Additional sources of Very precise theoretical

. L Clear experimental signature
suppression predictions
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Dileptonic decays: the "golden” channels B(Os) A

BR(B® s t+e-) = [ GFO) v vi I S L
(Bg — )= 6473 |V Veal” - 78, - f5, - M, - - M2
q
my ’ ’ 2 mﬁ 712
% 1257—(Cio = Cio) +(Cp = Cp)| + | 1 =4 | [Cs — Cq]
Ms, MZ,

e SM case: Céf)F,, Clo~0

» additional helicity suppression

e BSM scenarios:

y s > Cp Clo £ 0, G — G +oClf
> only one hadronic input » still only one hadronic input
Standard Model predictions for £ = ;i [Bobeth et al., arXiv:1311.0903v1]

BR(B(? — putp~) =(3.6540.23) x 107°
BR(B® — utp~) = (1.06 £ 0.09) x 10~1°

First evidence for B — ptpu~™ @ 3.5¢ with 2.1fb™" [LHCb, Phys. Rev. Lett. 110 021801]
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B(OS) — ;T[4 [LHCb, Phys. Rev. Lett. 111 101805]
The dataset: 3.1fb~! collected during 2011 and 2012 at /s =7 and 8 TeV

SEL _SEL,REC TRIG
_ BI'?norrn €norm€norm norm fnorm

. . . -Nzo _
BY—put
N _SEL SEL,REC TRIG f. g THTH
norm stg sig es:g q

BR(Bg — 1" 1”)

*q
Normalization channels "similar” to signal:
» same trigger efficiency: . RO
gg Yy > same topology: B® — Km

BY = J/p(— ptum )K"
B — Kt7—: ~38k events

— l(f T
K] i LHCb
3 ok 3! ]
> extracted from data 2 101 -
(= - m
» evaluated on MC & < L g
cross-checked on data Z ]
‘.a —
» measured from data § L ]
» ratio of hadronization 3 4
probabilities B ]
[LHCb-CONF-2013-011] 2
2
5000 5200 5200

5600
my [MeV/c?]
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Signal vs Background discrimination

Combinatorial bb — 14~ X: main source of background in the signals mass windows

Boosted Decision Tree (BDT) algorithm to reject it:

» 12 kinematical & topological input variables

> trained on MC sig & bkg samples

PDF

—_
u

10 E —o— ]
—o—
f o ]
07 —= 3
E LHCb - E
107 m Signal —Cb— E
E o Background ]
1074 1 Il
0 0.2 0.4 0.6 0.8 1

BDT
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Signal vs Background discrimination

Physical backgrounds:

o B,y — hh") (h") = K, ) with double misID h) — p: peaks in the B® search window

o Other semi-leptonic b-hadron decays peaks in the sidebands = bias combinatorial
background shape

One misID hadron: Two i from common vertex:
» B = 1 uty,
> BO/t g0ty

» B — K uty,
> B — J/W(ut T ) uv,

> Ay — puvy,

> included as fit components
> taken into account in the systematics

» accounted for in the exponential mass sidebands fit
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Events classification & PDF Calibration
+ bkg-like sig-like —

LHCb 3fb '

6000

Blinded region :
[I\/IBS — 60 MeV , ]

2
My, [MeV/c?]

BDT PDF calibrated on data:
» Signal: B® — hh(")

» Bkg: from m, - sidebands

)

2

T
LHCb
3 fb!
BDT<0.25

Mass PDF calibration:

» Signal: Crystal Ball function

> mean from B° — hh(")
> resolution from di-p
resonances & B® — hh(")

Candidates / (50 MeV/c

. ) o
Bkg: from m, ., - sidebands
5000 5200 5400 5600 5800 6000

My [MeV/c?]
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Yields and results

g ‘nm PII‘DF ) I E

Event yields determination: 2 T pphimaerial LHCb E
. . o . 5 BDT>0.7

> simultaneous unbinned likelihood fit in =z 3 ! g
8 BDT bins g 7

» B° B? and combinatorial background = 3
yields free o E

> yields & PDF shapes of exclusive -L l ,L -l E
backgrounds constrained T T

5500

My [MeV/e?]
B® — it~ bkg-only expectation,
observed
._]%l LA L L L L B L L L B

BR(B? — ptp~) =291 x 1079 @ 40,

BR(B® — ptp~) =3.7"2% x 10710 @ 20
777777 No evidence for B® = upper limit:
————————————————————————— BR(B® — ptp~) < 6.3(7.4) x 10710 @ 90(95)% CL

2 3 4 5 6 1 8 9

0 - -10.
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By > utu”
Implications of measurements
Measured values of BR(B(OS) — uu™) are consistent with SM predictions.

Updated from [Straub, ArXiv:1205.6094]
2.0

1.5 ¢

B(B® — ptp~) [107°]

0.0 b=tt ‘ ‘
0 RSc 10 20 30 40

B(BY — prpu~) [107°]
Indicative only: LHCb 2.1/}, 3.1/b™1

ar <3 - =, = 9ac
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)
Dileptonic decays: B(OS) — (EF
Lepton Flavour Violation

e In SM only flavour conserving currents in
the leptonic sector = Lepton Flavour
Violation (LFV) modes B? ; — ¢*¢'F are
forbidden.

e NP models (e.g. Pati-Salam model
[Phys. Rev. D 10 275]): LQ

> gauge symmetry between quarks and
leptons requires the existence of a
spin-1 gauge boson Leptoquark (LQ) B u

» quark-lepton interaction allowed at tree
level

Status before LHCb measurements: CDF (2fb™1) [CDF, Phys. Rev. Lett. 102 201901]

BR(B? — ep) < 20.0(20.6) - 1078 @ 90(95)% CL
BR(B® — es) < 64.0(79.0) - 107° @ 90(95)% CL
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B(OS) — et 1T [Phys. Rev. Lett. 111 141801]
< bkg-like sig-like —

Strategy 4 la Bl — p"p~ . LHCb ]

» Dataset: 1 fb~! collected in 2011 at
V(s)=T7 Tev

» B® — K7 as normalization channel

> events classification in me, - BDT g 2 oee
plane -

No excess over background is seen = upper limit on BR(B(OS) — ep) is obtained using
the CLs method

BY — eu, background-only expectation

Results

BR(B? — eu) < 1.1(1.4) - 1078 @ 90(95)% CL
BR(B® — eu) < 2.8(3.7) - 107° @ 90(95)% CL

~ 20 times more stringent than previous limits

x10°

20 B
B(Bs - et pf)
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B(Os) — ei }I/:F

Implications of measurements

From limits on BR(B(OS) — ep) lower bounds on Pati-Salam LeptoQuark masses are
inferred (formula from [Phys. Rev. D 50 6843])

[
; LHCb I
107 B(BY - e W) <L11(14)x 10°90(95)% CL. _|
1 o MLQ(B‘S’ . € %) > 107 (101) TeV/c? E
o_n - 4
Q r 1
m L |

95%C.L.
108 e 0% G E
L L
50 100 150

Mo (B] — e p¥) [Tevic]

mio. (B — ep) > 107(101) TeV//c® @ 90(95)% CL
myq,(B® — ep) > 135(126) TeV/c* @ 90(95)% CL
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Conclusions & Prospects

Conclusions & Prospects

° B?s) — utp™ ¢ from a discovery regime to a precision test of Standard Model
» BR measurements compatible with SM predictions
» LHCb & CMS are combining their results.

LHCb 3b ' [~
Wism
A preliminary combination has already been cvis s |-
done [LHCb-CONF-2013-012]

CMS+LHCb
preliminary

1 2 3 4 5 6
B(BY—> ) [10”]

» Efforts to improve the sensitivity for the BR(B® — uu™)

0y 4~
» Fit the ratio gg(BSH” 1)

BRBYS 7 1) (relevant to constrain MFV NP models)

+ F.
o B?s) —eput:
» First LHCb measurements improve the previous limits
» Still ~2fb~! to be analized
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Thanks for your attention !



Backup
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Operator Product Expansion

4G, .
Herr = —7; Vip Vi z,: G- O;

For BY — ¢/, the relevant operators are (PLYR - %)

05 | (7" Prrys) (@)
oY _(BPL(r)s)(L0)
oy (bPL(r)5)(E°0)
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Integrated BR [PhysRevD.86.014027]

» B? mesons are "affected” by the B — ES — sizable difference between decay
widths of heavier lightest mass eigenstate, parametrized by

Tuw—Ty

= = 0.061 + 0.006
My+Te

Ys =

HFAG average Measured experimentally looking at BY — J/ e
» untagged BR
(T(Bs(t) — f)) = T(Bs(t) — ) + [(Bs(t) — f) = Rle” ™" + Rfje "t
= (Ru+ R.) e " x [cosh(ysTt) + Aar - sinh(ysT't)]
with Aar = Bu=R

= Ru+RL
> the "experimental” BR

BR(Bs = f)exp =

/OOO(I'(Bs(t) - pae= B R {HlfAyrg' YS}

N =

» the relation is

1—y2
BR(Bs = f)theo = | ——2—| - BR(Bs — f)ex
( )th [1 AAF‘)’s] ( ) P
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Hadronization fraction

% is measured experimentally comparing the abundances of

» B - Dynt wrt B® - DK & B - Dot
» B —» Dyt X wrt BY = D7t X
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Normalisation channels

B+

— J/WK*: ~ 1.1 Mevents

%,
1
X
+
3
14
w
<5}
P

8

3

8

Candidates/ (2 MeV/c?)
3

8

LHCh
3fb™

Candidates / (10 MeV/c?)

E

2o o

5200 5250 5300

50
My [MeV/cd

0 5200 5400

Using the measured value of % & the averaged value of the two channels we get

Using SM we expect:
» 395+ 43 B0 - utu”
» 45404 B° = ptp

Alessandro Mordd (CPPM & CPT)

as = (9.41+0.65) x 10"
g = (2.40 +0.09) x 10~
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BDT Standard variables

For the B: For the 2

. » Distance Of Closest
» Proper times

Approach (DOCA)

> . N
Impact parameter » Minimum IP significance

» Transverse momentumn

v

Isolation of the 2 p
» B isolation

v

Polarization angle
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BDT variables

> "other B angle”: angle between the B candidate's momentum and the trust
momentum of the B, defined as the sum of momenta of all the long tracks coming
from the B PV and excluding those coming from long lived particles. If no such
tracks is set to 0

> "angle wrt pr"': angle between the direction of the positive muon candidate in the
rest frame of the B and the trust momentum in the B rest frame

> "|An|": absolute value of the difference between the pseudorapidity of the two
muon candidates

> "|A@|": absolute value of the difference between the sferical ¢ coordinate of the two
muon candidates
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BDT variables

> "B isolation”: CDF definition [arXiv:0508036]

pr(B)
P1(B) + X 4acks PT(tracks)
where the sum run over the long tracks, excluding the muon candidates, which satify

VOon? 4+ §¢? < 1, where dn & ¢ are the differences in pseudorapidity & polar angle
between the track and the B candidate.

leor =

> "polarization angle”: is the cos of the angle between the direction of the muon in
the B rest frame and the normal to the plane containing the BY momentum and
the beam axis

Alessandro Mordd (CPPM & CPT) Rare B?:\ dileptonic decay at LHCb 25 February, 2014 23 /15



Signal pdf

o BDT pdf calibrated on data B — hh

e Mass pdf: Cristal ball
Mean extracted from B, — hh")

> mpgo = 5284.90 £+ 0.10 £ 0.20 MeV
> mpgo = 5371.85+0.17 +0.19 MeV

Resolution
> ogo =22.8+ 0.4 MeV/c?
> g =23.2+0.4 MeV/c?

_ 10 - 10’ . §
H LHCh 5 400F LHCb g 60— T v v :
= : f E| > f ]
g 8 300 E 2 sf LHCH E
E 5 200F E o 40f B
] Z F 3 3 ]
3 & F ] F ]
1 100f 100f E 30 E
R E R " 20F E
2k 2 E E ]
0] 0 | F |
3050 3100 3150 ;Zﬁjtﬁ 3650 3700 37 ;?Zﬂﬂﬂ 9500 10000 10500 Il- 0 1 L L L L L
My [MeVIE?] M [MeVic My MeV/c? 4000 6000 8000 10000 12000

My IMeV/e?]
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Bkg pdf

» Combinatorial: extrapolation from the data sidebands with an exponential
> Exclusive:

> derive the misID probability 7, K — p from data in bins of p & pr
apply these probabilities to large MC samples
extract the mass & BDT probabilities from this weighted MC sample
normalize to BT — J/¢K™

vyvy

5 80 i [LHCb
270 3
e 0.25<BDT<0.4, 4<BDTS0.5
10g, .
0 5 0 ol e s
3000 3500 5000 5000 300 00 3000 3500 5000 E 3500 6000
m., Mev/e?) e, MeV/E] e, [MeV/E] m,. [MeV/el]
ST LHCb T LHCb SIfT LHCb < 1Ch
29 3! o 3! I, ! 2z !
s 0.6<BDT<0.7 0.7<BDT<0.8 H 0.8<BDT<0.9 H 9<BDT<1
2 Z <
2 6] 2 2
& &
| s
g 4 2
s H
o o
N2
1
0 . L — T < -
5000 3500 000 5000 3500 00 5000 5500 6000 E 3500 6000
ey MeV/] My MeV/E] ., IMeV/c] m., MeV/c]
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Fit results

Full PDF
BY = utp

BY - it~

BY, = hh'~
B?ﬁ) =7 (K )ty
BOCH) _y 700H)

I

Candidates / (50 MeV/c?)

ol Tt Mttt

2)

Candidates / (50 MeV/c

)

Candidates / (50 MeV/c

.5<BDT<0.6

e
m,, IMeVic] m, [MeVrc?) m [MeV/e?] m, [MeV/c?]
T T T
‘LHCb i, ILHCb
* LB EREY
g i [0.6<BDT<0.7 .9<BDT<1

Candidates / (50 MeV/c?)
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Likelihood scan

ALL
S

R T T - 4 ()
2 4 6 8 10

B(Bl—uty)

S — N W kA NN N 0 O
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o 2 4 6 ]
B(B" - e* )

D
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B® — e ;T LQ mass lower bound

[ T I
LHCb

B(B® e u¥) <2.8(3.7) x 10° 90(95)% C.L.

M, o(B° — € p¥) > 135 (126) TeV/c?

e
T \\HH‘

0
T

95% C.L.

90% C.L.

10°

Ll Ll Ll -
50 100 150 ZQO 250
Mo (B — et ) [Tevicy
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B® — e*uT BDT

Probability
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LHCB & CMS combinations [LHCb-CONF-2013-012]

Wsm

4 5 6
B(BY— ) [107]

LHCb 3fb™' |~ k ! LHCb 3fb ™"
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! ! | L
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