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Motivation

» Rare decays are the perfect playground for indirect
searches of New Physics (NP)

v BR ~ 10> — 10!V are now accessible

v Small effects may cause substantial variations from
SM expectations

q

* The SM relies on lepton universality

v Non-SM Higgs-like charged scalars may couple differently to
the three lepton generations

 FCNC transitions 1in the SM are described by loop
diagrams sensitive to NP scenarios

v Heavy virtual particles may enter the loop and affect the
observables (BR, Acp)
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The LHCbD detector

 LHCb is a forward detector (2 <n < 5) designed to study b physics

[JINST 3 (2008) S08005]

Tracking Coar HOAL [LJMP A 30 (2015) 1530022]
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Interaction
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Vertexing

Tracking stations
Momentum

v Very precise vertex location orp =20 um
v Excellent tracking resolution Ap/p =0.5 -1 %

v Very good PID performances €detection(K) ~ 95%(85%) with 10%(3%) m misld
v Very efficient muon and dimuon trigger
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The LHCbD detector

 LHCb is a forward detector (2 <n < 5) designed to study b physics
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Trigger, u ID

RICH systems HCAL, ECAL

K, w,pID Trigger, e/y ID and energy

v Very precise vertex location orp =20 um

v Excellent tracking resolution Ap/p =0.5 -1 %

v Very good P

performances €detection(K) ~ 95%(85%) with 10%(3%) © misld

v Very efficient muon and dimuon trigger
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The LHCb detector

 LHCb is a forward detector (2 <n < 5) designed to study b physics

v A total luminosity of ~ 3 fb-! has been
recorded during LHC run I

v Run II has started

[See LHCD talks from Monday]
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Latest rare decays results

B — D*tv Measurement of the ratio of branching fractions
B(BO — D*+7'_ET)/B(BO — D*_I_,LL_DM)

[arX1v:1506.08614, submitted to PRL]

Angular analysis and differential branching

Bs — oup )
fraction of the decay Bs — opu'u-

[arX1v:1506.08777, to appear in JHEP]

First measurement of the differential branching fraction
and CP asymmetry of the B" — n"u"u-decay

B — mup

[LHCb-PAPER-2015-035, to be submitted to JHEP]
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Measurement of the ratio of branching fractions
ZS’(BO — D**r7 ) /B(BY = D*Tu"w,)
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)
arXiv:1506.08614

Motivation

* Semileptonic B decays are theoretically well understood
v Tree level virtual W emission

v Lepton universality implies that the BR for the semileptonic decays to e,
u and 7 differ only for phase-space and helicity-suppressed contributions

[
W v BR(BY — D**r~ ;)
— > > — R(D*) — — T
BO Z ) —° p* BR(BY — D*tu~v,)
d

* R(D*) provides a test for lepton universality

v Sensitive to non-SM particles coupling to third generation fermions
(e.g. charged Higgs) [M. Tanaka, Z Phys C67 (1995) 321]

v Form factor uncertainties cancellation
v First measurement of R(D*) at a hadron collider
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)
arXiv:1506.08614

Analysis strategy

* Looktfor 7 — u v,
v Signal and normalisation channel have the same visible final state
v Same reconstruction and selection applied

v Signal and normalisation channels are distinguished from the
different kinematics

signal @ normalisation
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)
arXiv:1506.08614

Analysis strategy

* Looktfor 7 — u v,

v Signal and normalisation channel have the same visible final state

v Same reconstruction and selection applied

v Signal and normalisation channels are distinguished from the
different kinematics

* For the signal in the B rest frame

signal @ v m2. is larger
\ v  The g? spectrum starts at m2
v I Z spectrum 1s softer

_ m?niss — (p% _p’LlL?* _pZ)Z
y M ¢° = (P — pp-)’

L, is the muon energy
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)

Results

arXiv:1506.08614

* The projections of the multidimensional maximum

likelihood fit are shown

v Signal 1s suppressed wrt normalisation because of phase-space

and BR(t™ — pu vuvr) ~ 17%

R(D*) = 0.336 £ 0.027(stat) 4+ 0.030(syst)

Candidates / ( 3.25 GeV?%/c*)
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)

Results

arXiv:1506.08614

* The projections of the multidimensional maximum

likelihood fit are shown

v Signal 1s suppressed wrt normalisation because of phase-space
and BR(7~ — p v,v.) ~ 17%

R(D*) = 0.336 -

— ().()27(stat) 7

Belle
PRD 82 (2010) 072005

657x10° BB
(Inclusive Tag)

PRD 88 (2013) 072012
471x10° BB
(Hadronic Tag)

Presented at F6PC_P2O 15
772x10° BB
(Hadronic Tag)

LHCb
LHCb-PAPER-2015-025 | s
3.0 b’ ! ¢

(T—= uvv) '
|

- 0.030(syst)

____________________ v Compatible with the B-factories

R(D*)urac

average

Standard Model
Fajfer et al, PRD 85 (2012) 094025

| | | | | | | | | | | | :l :I | | | | | | | | |
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

R(D*)

v 2.1 o tension with the SM prediction !

= 0.322 £ 0.018(stat) + 0.012(syst)
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)

Results

arXiv:1506.08614

* The projections of the multidimensional maximum

likelihood fit are shown

v Signal 1s suppressed wrt normalisation because of phase-space
and BR(7~ — p v,v.) ~ 17%

R(D")

= 0.336 + 0.027(stat) £+ 0.030(syst)

;\ 0.5 [ 1 ' ! ) ) ) ' ) ) 1 ) l 1 1 1 -
a) [ = BaBar, PRL109,101802(2012) AY*=1.0 A
E 0.45F = Belle, arXiv:1507.03233 —
F LHCb, arXiv:1506.08614 ]
= w— Average .
0.4 -
0.35 = Compatible with the B-factories
035 -~ v 2.1 o tension with the SM prediction !
e . JR(D*)urac = 0.322 + 0.018(stat) + 0.012(syst)
- SM prediction P(%2) = 55% . average
O% IR S N SN TN SN SN SN SUN SUN S U R S S S
2 0.3 0.4 0.5 0.6
R(D)
10 -
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Angular analysis and differential branching fraction
of the decay BY — ¢ut ™

" e e e s e S

e Las o



Angular analysis and differential branching fraction of the decay BY — ou™ o

Motivation

arXiv:1506.08777

Bs — oup

« FCNC b — s transitions sensitive to new physics effects

v Branching fraction significantly lower than SM predictions observed

in 2011 data (1 fb!)

v Same trend observed in other b — sppu transitions (e.g. Bs — K'n*u")

v 3 fb-! update

S S
BY . ¢
l_) ‘\ ¢ I S
W4
- _ -~ M_
ZO:L;LL%\<

ut

dB(B—~¢u*1)ldg? [GeV=3ct]
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Angular analysis and differential branching fraction of the decay B — ¢u™ B
arXiv:1506.08777

Branching fraction

 The analysis is performed in bins of dimuon invariant mass g’

v Charmonium background decays can be vetoed
Q> & [8, 11] GeV?%/c* and q*€&[12.5, 15] GeV?/c?

« The branching fraction in a g? bin is obtained from

dBR(Bs — ¢oup) 1 Nopp  €pTy

= X X
dg? Qhax — q?nin Nojy  €pup

X BR(Bs = ¢J /1) X BR(J/¥ — pp)

v Bs — ¢ J/y 1s used as normalisation channel

v BR(J/w — pup ) from PDG

v relative efficiencies from simulation

* Yields determined from an unbinned maximum
likelihood fit to mg,
12 s
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Angular analysis and differential branching fraction of the decay B — ¢u™ B
arXiv:1506.08777

Branching fraction

« The mass fit integrated over all the g* bins is shown

@\ T T T
&) - i
> l LHCb -
Q100 B{—¢pu"u™]
2 | i B(B) = ¢u'p™) +0.42 —4
2 B | B(B? - J/wd)) - (740—040 stat. :t 0-16.~¢y.~¢. :t 0-21¢'sxtrapol.) 10
~ 50} —  B(B! = ¢p pT) = (7.97°075 star. & 0.184ye. & 0.230xtrapol. £ 0.60 ) - 1077
2 :
O 5 4 i
LE ///// Y +++r =F /_*:
5300 5400 5500 _
m(K'K utu”) [MeV/c?

[SM predictions from arXiv:1411.3161 and arXiv:1503.05534]

LHCb

SM pred.

+ Data

v At low @? the Bs — ¢u*u-branching
fraction 1s 3.5 o below the SM

_’_

_I_

ﬂ

v New physics in Co ?

O = N W & L1 &N O 0 O

| 5 10 15 |
g [GeV?/c4]

dB(B’—¢uu)/dg? [10°GeV2c4]

[E—
(U8
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Angular analysis and differential branching fraction of the decay B — ¢u™ B
arXiv:1506.08777

Angular analysis

» The angular analysis relies on the angles 91, dx and ¢

v Eight observables: CP averages (Fr, S3.4,7) and CP asymmetries (As,6,8,9)

1 d°T 9
dl'/dq? dcosf; dcosfx d® 327 3
+ 1(1 — Fy) sin® O cos 20, — F}, cos® O cos 26,

+ Sy sin® O sin® 6; cos 2P + S, sin 20 sin 26, cos ©
+ As sin 20 sin 6, cos ® + Ag sin® O cos b,

+ S7 sin 20 sin 0, sin ® + Ag sin 20k sin 26, sin ®
+ Ag sin® f sin® 0, sin 20| .

1-— F[) sin’ Ok + Fi, cos® Ok

[C. Bobeth et al., JHEP 07 (2008) 106]

v More than in K*up because ¢utu- is not flavour-tagged

v The asymmetries Ag and Ay are zero in the SM, and expected to be
sensitive to new physics

3D maximum likelihood fit in bins of g?
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Angular analysis and differential branching fraction of the decay B — ¢u™ B

Angular analysis

* The observables are in agreement with the SM

e
g - LHCb:
1.0F T
0.5F | —t— -
- +
0.0 rrrrrrrree- - B - s
R S TR )
g* [GeV?/c*
+1.0————————
e - LHCb

0.5;
0.5F Jﬁ

B

0.0 e _f—_}— _____ _
_ +

o
g* [GeV?/c4]
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Angular analysis and differential branching fraction of the decay B — ¢u™ iz

Angular analysis

* The observables are in agreement with the SM

{nlO:””I”H'””LHCb
0.5F
0 5:
A0 10 15
q* [GeV?/c*
001.0_""| T —
< ot LHCb
0.5F E
o0b gy
05F ]

10—

LHCDb Rare Decays — LHCP 2015 St Petersbure. Russia

16

arXiv:1506.08777
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First measurement of the differential branching fraction
and CP asymmetry of Bt — wtu+ L
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First measurement of the differential branching fraction and CP asymmetry of B* — wtu*u-
LHCb-PAPER-2015-035

Motivation

« FCNC b — d transition, sensitive to new physics effects
v Measurements of the differential branching fraction in g? bins
v Computation of CKM elements |V|, |Vis| and their ratio
v First Acp measurement in a b — d transition

v 3 fb-! update on the branching fraction

b d
T | > ' ——
| |
| |
W W
: Vi ' B
ut
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First measurement of the differential branching fraction and CP asymmetry of B* — wtu*u-
LHCb-PAPER-2015-035

Branching fraction

 The differential branching fraction in g bins is evaluated

v Charmonium background decays are vetoed

e The muu, Kpp and KJ/yw(— pp) mass distributions are fitted
simultaneously

v The branching fraction i1s determined normalising to B — K J/y(— up )

Nr
e SRI  BR(By — KJ[4) x BR(J/% — pp)

BR(B — wup) = Nisw e
T pp

v The B — Kup normalisation channel is used to determine |Via/ Vi
integrating over the form factors
’ BR(BY — ntutp~) [dq*Fxk

T BR(BY — K+utp-) - [dq?F,

Vid
Vis
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First measurement of the differential branching fraction and CP asymmetry of B* — wtu*u-
LHCb-PAPER-2015-035

Branching fraction

—_

* The branching fraction 1s found to be LPREUMINAR},, l

BR(BY — ntutu™) = (1.83 4+ 0.24(stat) £ 0.05(syst)) x 107°

* The differential branching fraction agrees with calculations
v The discrepancy i1s related to how theory models the p/m region

N — *LHCb [J APRI3 # HKRIS5 M FNAL/MILCIS

~~ H
L ER ~ | :
> © LHCb 3 ¢ & LHCb
S Preliminary Q Preliminary -
= 50 S - A TR TR O
(o0 T ™ L I 5 * STyt . ' _
- 40 B+ Kww 3 o 15 .
> B™—D uv ] ~ .
g 30 B**—p" s 3 S 1 .
< B—f.u* . = SN i
1= s—foWw 3 P :
= : - Combinatorial - © sk -
& : ~t -
O 10F.»,_ M i - g
= ,- & + + - O‘ . N . | , . . L1
0 = - 0 10 20
5200 5400 5600 5800 6000 5 ,
m(rutn) (MeV/c?) o q* (GeV /c41
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First measurement of the differential branching fraction and CP asymmetry of B* — wtu*u-
LHCb-PAPER-2015-035

Branching fraction

* The ratio of branching fraction BR(B—nuu) / BR(B—Kpup) 1s

BR(BT —»ntptp™) < 0.038 & 0.009(stat) = 0.001(syst) ¢* € [1,6] GeV?/c?
BR(BT — KTutu~) 0.037 % 0.008(stat) + 0.001(syst) ¢* € [15,22] GeV?/c?

: PRELIMINADY |
 The CKM matrix elements are extracted L EUWNAR""_/
|th — (0.2470-05 Via| = 72705 x 107°
Vi —0:04 Vis| =32+ 0.4 x 1077

v Errors are statistical plus systematics
v Largest error contribution from theory uncertainties
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First measurement of the differential branching fraction and CP asymmetry of B* — wtu*u-
LHCb-PAPER-2015-035

* The CP asymmetry 1s evaluated for the first time in b — d
transitions

aw _ N(B™ = 7mpfu”) - NBY > 7 ptu”)
P N(B- = aptpm) + N(BY — wtptp)

BT — mtutu~ B-—m utu”
P~ Y Y T T T T Y 1 T T T T T Y Y : P~ : T T T T Y Y T T T T T Y T T T T T T :
S . 1 L Sofp . s E
E LHCb preliminary 3 E ; LHCDb preliminary :
= BRI = o Bomew
RPN SRR 5 S B+_,E;u+u’ E > Wb 1 B —=K u+u' E
= B'—-Duv {1 = B—Dwv ]
g B —p"*urw ] % B —p"wu ]
= Bl—=f'wuw {1 = “F ; Bi=fwrw -
= - ---Combinatorial 1 "B X ; -~ Combinatorial
() b P ‘-..-L- L. PR T T T 0 | PO Tl PRI | e " LA :
5200 5400 5600 5800 6000 5200 5400 5600 5800 6000
m(ttptn’) (MeV/e?) m(m ) MeV/ce?)
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First measurement of the differential branching fraction and CP asymmetry of B* — wtu*u-
LHCb-PAPER-2015-035

* Adding the corrections for production (from B — K J/y )

and detection asymmetry (from D™ — n7D") we obtain

Acp = —0.11 £ 0.12(stat) & 0.01(syst) LPREUMINAR\;]

BT — mtutu~ B-—m utu”
P~ Y T T T T Y 1 T T T T T Y Y : ~ : Y T T T Y Y | T T T T Y T T T T T T :
L 50 . 1 L sop . -
E N LHCb preliminary : E ; LHCDb preliminary
= s Brestutn ] = o Besmptu :
3 3 B B+_,£‘;u+u' -: NI - £ B’—’K'WU' _:
~ - T B'—=Duv 1 ~ B—D'u*v )
g 20f B —p’ a3 2 B —p"uw
o L ; Bl—=f'ww | o : Bl—>f'wn S
= X ; - ---Combinatorial 1 "B . ; -~ Combinatorial
6 ]O N : ] —-‘. 8 - ' :
ST R s |
Ou.--L"l-~‘ X ‘-..A: L. PR TP I 0"""“' | ISEETRICTEE ¥ - R S PP -
5200 5400 5600 5800 6000 5200 5400 5600 5800 6000
m(ttptn’) (MeV/e?) m(m ) MeV/ce?)
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Conclusions

* The SM 1s being extensively tested at LHCb

v many searches for new physics are ongoing
« Dark bosons in B— K™y (— up)
 Bs— pp and Bg— up
« B—sll

* A — App
* R(K)
« LFVin r— pupu

* 4th gen majorana neutrinos in B—Xpup

... and many more

[See talk BSM searches via rare decays in B physics on Thursday and the other LHCb talks]
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Conclusions

* The SM 1s being extensively tested at LHCb

v many searches for new physics are ongoing

» Lots of interesting results from rare decays

v the latest new rare decays results have been presented

BS = (I)HM

R(D*) shows tension BRatlow *?3.5¢
with the SM in the
lepton universality
sector.

away from the SM

expectations

Tau physics gets

interesting.

Gineore GLneore Gineore

e Much more data in the near future
v stay tuned !
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Thank you for your attention






The LHCb detector

 LHCb is a forward detector (2 <n < 5) designed to study b physics

LHCb Integrated Luminosity at p-p 6.5 TeV in 2015

§ b Delvered Lumi: 2195 /pb
g : Recorded Lumi: 19.53 /pb |
v A total luminosity of ~ 3 fb-! has been 3 i
recorded during LHC run I N F

LI

v Run II has started )

[See LHCD talks from Monday] ;_ |

LHC Fif Number
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)
arXiv:1506.08614

* Trigger

v No muon pr requirement in the trigger
v Triggered on D? — Kn with pr > 2 GeV/c (tracks pr > 5 GeV/c)
v The displaced D” momentum must point toward a PV

e Offline selection

v A soft charged pion is added to the D%to form the D** candidate
v The muon must be away from the PV and form a good D™~ vertex
v The D™~ momentum must point toward the PV

secondary vertex

primary vertex =
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Measurement of the ratio of branching fractions B(B® — D**r~,)/B(B° — D*"u~1,)

arXiv:1506.08614

. B — D*tv
Systematics =3

Model uncertainties Absolute size (x1072)

Simulated sample size 2.0 Expected to be reduced

I\_Iisidentiﬁcd p template shape 1.6 for future R(D) + R(D *)

B’ — D**(r~ /u~)v form factors 0.6

B — D**H.(— urX')X shape corrections E

B(B — D**vv.)/B(B = D*u"v,) 0.5

B — D**(— D*xm)ur shape corrections 0.4  Willscale down

Corrections to simulation 0.4 with more data (Run2)

Combinatorial background shape 0.3

B — D**(— D**m)p~p, form factors 0.3

B — D**(D, — 1v)X fraction 0.

Total model uncertainty 2.8

Normalization uncertainties Absolute size (x107%)

Simulated sample size 0.6

Hardware trigger efficiency 0.6

Particle identification efficiencies 0.3

Form-factors 0.2

B(t~ = p~v,v;) < 0.1

Total normalization uncertainty 0.9

Total systematic uncertainty 3.0
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Angular analysis and differential branching fraction of the decay B — ¢u™ B

arXiv:1506.08777

Selection
* Trigger _
v muon pr requirements e
O
v tracks displaced and not pointing =
to the PV
. . 4 “aai
o Offline selection 2F, g T
. O s 55 !
v Narrow ¢ window m(K*K 1) [GeVie?)

v Final state tracks must be compatible with the Bs vertex

v Mass vetoes to reject partially reconstructed Bs — ¢ J/y(— p™u),
and misidentified B — K*uu and Ay, — A (— pK) pup backgrounds

 The analysis is performed in bins of dimuon invariant mass g’

v Charmonium background decays can be vetoed
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First measurement of the differential branching fraction and CP asymmetry of B* — wtu*u-

= I e o H
N; .. .

Selection S I
T ISt

e Trigger e =

¥ muon pr requirements

v tracks displaced and not pointing to the PV~ d~ ~%in  so 0

m(m 1 1) [MeV/e?)
v Two+ of the final state particles must form a displaced vertex (SV)

» Oftfline selection
v Final state tracks must be compatible with the Bs vertex

v The Bs momentum must point to the PV
v MVA (BDT) to remove combinatorial

v muu and Kup final states are distinguished after the selection by
PID algorithms

v Charmonium background decays are vetoed

Q€& [8, 11] GeV?/c* and q*€&[12.5, 15] GeV?/c*
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