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The b — s¢*¢~ transition

® Suppressed in the Standard Model

0 no FCNC at tree level
O sensitive to New Physics contributions (including LFNU)
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The b — s¢*¢~ transition

® Suppressed in the Standard Model
O no FCNC at tree level
O sensitive to New Physics contributions (including LFNU)
® Model-independent description
= effective field theory

. B® — K*Oyt i~ differential decay width
® Factorisation between

T Annu. Rev. Nucl. Part. Sci. 65 (2015) 113
O short-range contributions, E,. [GeV] 2 1
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JINST 3 (2008) S080005

The LHCb detector

pp collisions at 7 — 13 TeV, pseudorapidity 2 <n <5

- ( : \ =
vl
vertex detector trackers

opy 15 um g /pEN0.4 — 0.6) %ddEONE)
opy ~ 80 um at 5 — 100 GeV/c
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The LHCb experiment

® Tailored for heavy flavour physics at the LHC
® |deal for studying rare b-hadron decays
O excellent
vertex and momentum
resolution
o good PID capabilities
= Run |
0 3fbtat7—-8TeV
O large bb production cross section LHob e,
opp = (75.3 £ 14.1) ub in acceptance
= Run Il
0 2.6 fb~1 at 13 TeV already collected
U increased o, 0, [rad] @2

2
% o™ g [rad]
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Bt — K utu~

Rk

Bt — Ktete~
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The Rk measurement

® Ratio of branching fractions of
BT — Ktutu~ and BT — KTete™
0 Re X1+ 0(1072)
O sensitive to new scalar and pseudoscalar interactions or Z’ bosons
O previously measured by BaBar and Belle

Experiment ¢° (GeV?) Ry

BaBar* 0.1-16.0 1.00793% +0.07
0.1-8.12  0.7479%0 +0.06
> 10.11 1.4379% +0.12

Belle* 0.00 — 16.0 1.03+0.19£0.06

* Phys. Rev. D 86 (2012) 032012
** Phys. Rev. Lett. 103 (2009) 171801
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Phys. Rev. Lett. 113 (2014) 151601

The Rk measurement at LHCb

¢ [GeV¥eA

m g% € [1,6] GeV?/c*
® Double ratio with respect to the resonant decay mode BT — J/¢pK™

Tmax dr(B* —>K uu)d 2
R = T T (M) (o) () (st
fqmax Md 2 Niee Ny () €kup ) \ €KI/p(un)
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The Rk measurement at LHCb

m g% € [1,6] GeV?/c*
® Double ratio with respect to the resonant decay mode BT — J/¢pK™
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Phys. Rev. Lett. 113 (2014) 151601

Results for Ry

electron trigger, 172t21% events

4 + LHCb 7
3 + .

(d)

m Electron reconstruction
affected by

0 trigger
0 bremsstrahlung photons
® Most precise result to date

® Compatible with the SM
at 2.6 o 0

Candidates/ ( 40 MeV/c?)

5000 5200 5400 5600
m(K*e*e) [MeV/c?]

Rk = 0.74573:9% (stat) & 0.036(syst)

= Fundamental for future measurements of decays with electrons in
the final state
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Results for Ry

* LHCb = Belle + Babar
. M 2_ T T T T ]
® Electron reconstruction < LHCb
affected by s ]
0 trigger I ]
0 bremsstrahlung photons In l ]
o ]
® Most precise result to date sk ]
® Compatible with the SM E

at 2.6 o % 5 10 15 20

¢% [GeV?/c4]

Rk = 0.74573:9% (stat) & 0.036(syst)

= Fundamental for future measurements of decays with electrons in
the final state
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BO N K*O/L+[L_

B0 s K*0ete—
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The Rk+ measurement

= Analogous to Rk, but for B®— K*0uT = and B®— K*0ete™

0 Rk 21 (but modified by phase-space effects)
O sensitive to LQ or Z’ bosons
O previously measured by BaBar and Belle

Experiment ¢? (GeV?) Ry~

BaBar* 0.1-16.0 113793t +0.10
0.1-812 1.06797% +0.08
> 10.11 1.18793% +0.11

Belle** 0.00 - 16.0 0.83+0.17£0.08

* Phys. Rev. D 86 (2012) 032012
** Phys. Rev. Lett. 103 (2009) 171801
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arXiv:1705.05802, accepted by JHEP

The Rk~ measurement at LHCb

B g% € [0.045,1.1] and [1.1,6.0] GeV?/c*
® Double ratio with respect to the resonant decay mode B® — J/1)K*0

B Mass fit of electron channel
(separately for three trigger categories)

® Simultaneously for resonant and non-resonant modes
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arXiv:1705.05802, accepted by JHEP

Results for Rk

= Most precise result to date
= Compatible with the SM at

0 2.1 —2.30 for low ¢?
0 2.4 — 2.50 for central g2

R 0.66 © 91t (stat) +0.03 (syst) for 0.045 < ¢° < 1.1 GeV?/c*
*0 —
K 0.69 * 1L (stat) + 0.05 (syst) for 1.1 < ¢ < 6.0 GeV%/c*
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Look at muons and electrons separately...
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BO

JHEP 02 (2016) 104

The B® —K*0 ¢+¢~ decay

= Angular analysis in terms of Q = (0, Ok, ¢) and ¢°> = m3,
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JHEP 02 (2016) 104

LHCb analysis strategy

® Determine
P
Tt ST = 8 [3(1— i) sind Oy + i cos? O
+3(1 = F1)sin® 0k cos 20, — F; cos? Oy cos 20,
+55sin? 0 sin® 0, cos 2¢ + 54 sin 260, sin 26 cos ¢
455 sin 26 sin 6y cos ¢ + %AFB sin? 0 cos 6,
457 sin 20 sin 8y sin ¢ + Sg sin 20, sin 20, sin ¢
+5, sin? O sin® O, sin 2¢]

with F1, Ars, S = F(CV, ¢, ),
combinations of K*° decay amplitudes

® Theoretical uncertainty on hadronic form factors
= reduced by moving to optimised observables, e.g. P{ = —>

VFL(1—F)

arXiv:1305.4808
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LHCb analysis strategy

® Determine
-
b ST = 9 [3(1— Fu)sind Oy + Fi cos? O
+1(1 = F1)sin® 0k cos 20, — F; cos? by cos 20,
+55sin? 0, sin® 0, cos 2¢ + 54 sin 260, sin 20, cos ¢
Fi(1 — F1)PLsin 20y sin 0y cos ¢ + %AFB sin? 0 cos 6,

+57sin 20 sin 0 sin ¢ + Sg sin 20, sin 20, sin ¢

+5 sin? B sin? 6, sin 2¢]

with Fi, Ars, S = F(CV, ¢, ),
combinations of K*® decay amplitudes

® Theoretical uncertainty on hadronic form factors
— reduced by moving to optimised observables, e.g. P{ =

arXiv:1305.4808
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JHEP 02 (2016) 104

Results for B® — K* 0t~

= Analysis in 8 bins of g? € [0.1,19.0] GeV?/c*, K*® — K*r~

= Most angular observables compatible with SM predictions
® Tension observed in P

0 global fit at 3.4 o from the SM prediction
O compatible with previous LHCb and recent Belle measurements

B Explainable in terms of
0 SM charm-loop effects

(cannot explain tension in Rk k) 0: |
= JHEP 06 (2016) 116

1 NP involving Cg'y, otherwise o5 ; [ B

15
? [GeVH A
F. Lionetto - Test of lepton flavour universality at LHCb - SPS/OPG 2017

[ SM from DHMV

® LHCbRun 1 anaysis
O Belle arXiv:1604.04042
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Results for B® — K* 0t~

= Analysis in 8 bins of g? € [0.1,19.0] GeV?/c*, K*® — K*r~

= Most angular observables compatible with SM predictions
® Tension observed in P

0 global fit at 3.4 o from the SM prediction
O compatible with previous LHCb and recent Belle measurements
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arXiv:1704.05435

Theory interpretation in terms of NP

= Measurements in favour of a reduced Cj§
® Possible link to LFNU
= arXiv:1605.03156, JHEP 12 (2014) 131, Phys. Rev. D 90, 054014 (2014)

® Can explain Rp+~ anomaly (see Patrick’s talk), assuming W’ and Z’
— arXiv:1506.01705

eo
&)
<
o \/
-05
/ —— LFU observables
1o o “= b sup global fit
flavioo2r ——— 4, fivefold non-FF hadr. uncert, | i flaviblox — all
; i I
20 -15 -10 05 00 05 10 15 -20 -15 -0 —05 00 05 10 1§
Re Y ReCl
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Conclusions and future prospects

m Search for NP in the b — s¢t ¢~ transition

O hints of tension with SM predictions observed in
Rk, Rk+, and B® — K*0u*pu~
"I possible coherent pattern in terms of C§ (and possibly Ci)

® Updates with Run Il statistics and new measurements
® Updates of Rk, Rk~+, and Rp+
= New measurements of Ry, Rp, Rkrr , and many more

® Angular analyses
of B® — K*0¢ty~
and BT — Kt/ti~
= Asymmetry measurements
in angular observables,
e.g. e — p asymmetry in P}
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Thanks for the attention!
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Spare slides
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Effective Hamiltonian approach

= Combine results from several decays in order to

O classify NP contributions
O perform consistency checks

Operator O; B K%Y B K%y~ B—outu
b% " O7 ~ mp(50uubR) Fpu v v
[ O ~ (3b)y_a(B)v v
”x’ 1 0w~ Gb)y_a@), v v
S Os,p ~ (3b)s+p(Z)s,p v
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Candidates/ (40 MeV/c2)

Candidates/ (40 MeV/c2)

Phys. Rev. Lett. 113 (2014) 15

The Rk measurement at LHCb

LO Electron LO Hadron LO TIS
x10°
10 LHCb ] % % LHCb
@ | g0 Ea © 7
5 13 =
§5°0 £000 B
- ]38 8 f .
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= s
g g
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3 3

5000 5200
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arXiv:1705.05802, accepted by JHEP

The Rk~ measurement at LHCb

B g% € [0.045,1.1] and [1.1,6.0] GeV?/c*

® Double ratio with respect to the resonant decay mode B® — J/1)K*0
B Mass fit of muon channel

m

Simultaneously for resonant and non-resonant modes

S % - o 80 : T —
N LHCb N LHCb E
3 8 0 0 3 0 KO 3
R B K ru R | S — B K Wi 3
S & I Combinatorial 9 © I Combinatorial 3
& s - g
40 =
8 40 E 8 5 3
8 2 0.045<q2<1.1 [Gev2/c] g 1.1<g%<6.0 [GeVZcY] 3
T 2 E g 2 E
8w - 8 o 3
@ 5F . » 5 3
= " . . =
g g S e
5200 5400 5600 5800 5200 5400 5600 5800
m(K* ) [Mevic?] m(K* ) [MeV/c?]

3 of 17 F. Lionetto - Test of lepton flavour universality at LHCb - SPS/OPG




arXiv:1705.05802

The Rk~ measurement at LHCb

m Mass fit of resonant decay mode B® — J/¢K*0

W =t Jp —ete”
o £10, T r — _ r T e
s %F LHCb E 3 LHCb 3
T - B-K Wy E Y B-K Wy 3
S Wb I Combinatorial 3 3 I Combinatorial 3
g E [} i\ga K:OpJ/ (VA E [ ] i\ga K:opJ/ [
g PF mB.Ky mB_Ky
Z of E 3
k=l E . E
] E E 3
8 wF E E
R i o———— M
5400 5600 5800 5000 5500 5000
m(K* ) [Mevic?] mK*rete) [MeV/c?]
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Arg

The B® — K*%u* 11~ decay

JHEP 02 (2016) 104

= Most angular observables compatible with SM predictions

However, tension in Pf
O data fit at 3.4 o from SM

0 compatible with the measurement based on 1 fb~!

0.5
! —+
I LHCb ]
Il SM fromABSZ
-0.5 —
0 5 10

15
7 [GeVHcA|

LHCb

[ SM from DHMV ]

® Run1anaysis
0 2011 analysis

=4
3}
L e

o

? [GeVZ A
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JHEP 02 (2016) 104

The B® — K*%u* 11~ decay

= Overview of P{ results

1 1
e LHCbdata o ATLASdata
= Belledata © CMSdata
[ sM from DHMV
7 SM from ASZB

-0.5F Q
C = 1
| . . o N ]
0 15
o? [GeV?/ A
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JHEP 04 (2015) 064

The B® — K*%ete™ decay

d*(r+7) _ 2
d(r~|»r)/dq2 dq?d cos 0yd cos O, ddp 167"[ (1 - FL) sin 9/( + Fi cos” O
(1— FL)sm Gk — F cos? ) cos 26,
(1- FL)A sm 20, sin? 6, cos 2¢
- FL)A’? sin Gk cos Gg

+ (4(
41
+3
+ 3
+3(1 = F1)A sin® 0y sin® 0, sin 2¢)]

A2 [Aol> = [Aol* + Aor|?

FLo = W A2 = AL+ |A||R|22
AP = % * with |ALI® = |ALl® + |ALRl
AF = 2?“%%53'@;\?) AP(q? —0) =EASG)
ar =gl Ty SE
AL AT(a* = 0) = Topsidr
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Local operators

SO
I

8 of 17

Mo S PRbFy,, o,
g %301 PRT?bGE,, O
5y PLb iyt Oq
5YuPLb EyH st 10

Oy = 35PrblL, 04

Op = 35Prblvsl, O
Op = 3o,blo"l, Ors
= 2—:§7MPLbE’y”P/_C, O,

501 P bF,,

8s'# 501 P T?bG,
57 PrbLy1L

57, Prb lyH st

(1)

SP.boY

5P, b ! (2)

(3)

§U,“,b€_a“”'y5€

i—:g’yMPLC cY*Pb.

(4)

F. Lionetto - Test of lepton flavour universality at LHCb - SPS/OPG 2017




JHEP 06 (2016) 092

Theory interpretation in terms of NP

10F 3 .
05 —‘ ————— Be ]
0.0 :

o —osFPUY| ]
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_1s5h - - R
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JHEP 06 (2016) 092

Theory interpretation in terms of NP

q° (GeV?)
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JHEP 06 (2016) 092

Theory interpretation in terms of NP

7 (GeV?)
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arXiv:1704.05435

Predictions for Rk and Ry

= SM and NP predictions for

0 Rk
O RK*
1.0 ﬁ -
0.9
— SM — sM
0.8
< — Cy=-16 — Oy =-16
= — -~ ___ C§=-+16 . C5=+16
0.7 Fz E — Ch=+13
- =13 - Cf=-13
061 — Cl=-Cly=—-0T — Ch=—Cly=—0T
—— C5=—Cf =0T -—- C§=-Cfy=07
0.5 1 flavio w21 + LHCb 051 flavio vo21 + LHCb
0 5 10 15 2 00 25 50 75 100 125 150 175
¢ [GeV?] ¢* [GeV?]
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arXiv:1704.05340

Predictions for Q; and R;

= SM and NP predictions for

0 LFU angular asymmetries Q;
0 LFU ratios of branching ratios R;

[0.045,1.1] GeV? [1.1,6.0] GeV? [0.045,1.1] GeV? [1.1,6.0] GeV? Low Recoil
L A 1.0 ‘ R - LT
04
| l
03f l]l :IHI
i i 09
£ o2 I I i =2
Mol 2
Z oaf I i 1 2 i
o : S o8 I o PR B
S ool ", [h I s I T H ]
E] " I ‘I 1 I E i ¢ . i e o o
& i = II 1 :l 1 ﬂ
01 I’ o ! = orp | oh 1
ol |- Wl | N |
ol : * ® 11
-02 L v 1 1
L] N ! i I
! 06 " +
-03f L o LA jai. L L L L L L

Rk Rk~ Ry Rk Rxk- Ry, Rk Rg- Ry

Ql Qz Qu Qs B; B, Ql Qz Q4 Qr.
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Theory interpretation in terms of NP
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JHEP 04 (2015) 064

The B® — K*%ete™ decay

® Simplified formalism, 4 angular observables
o K*0 longitudinal polarisation fraction F;
© transverse asymmetries A% A and ARe

® Experimentally more challenging )

0 statistics J/%(18)

O resolution (

O trigger c¥ w(25)

O bremsstrahlung photons ar,

q2
2 2/ 4
B g c [0.002, 1.120] GeV /C 'T‘ e Cé') o 01(/0)

O photon po|arisation interference Long distance B
contributions from CC
above open charm

m K0 — Ktn~ Treshold
® ML fit of Q and Mgree

Am(0))
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JHEP 04 (2015) 064

The B® — K*%ete™ decay

® Simplified formalism, 4 angular observables
o K*0 longitudinal polarisation fraction F;
© transverse asymmetries A% A and ARe

® Experimentally more challenging

. 124 signal t

O statistics -  sligna’ events -
o re§olutlon % 1005 LHCb
o trigger = P | pa ]
O bremsstrahlung photons g 8 _Mojd E
" ¢? €[0.002,1.120] GeV2/c* & o= Ny e B - K%'e
- s F s - (KOXx)e'e ]
O photon polarisation 2 F Combinatorial |
B K0 Ktp— © af % =
. = — - -t RARRERY L ]

u ML flt Of Q and mKTree 0 4500 5000 5500 6000
m(K*Te'e’) [MeV/c?]
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Candidates / (30 MeV/c?)

Candidates / (0.1mtrad)

Results for B® — K*0ete™

..... B Koo

"TLHCh ]
W5 - (KXee E
Combinatorial

5200 5400
mK'ie'e) [MeVic]

LHCb '3

JHEP 04 (2015) 064

F.  =+0.16 +0.06 + 0.03
A2 = -0.23+0.23+0.05
AT =40.14£0.22+0.05
A% =+0.10+0.18 £0.05

Foo 21010754
AR 1003190
Al M (_g2t12y 107
AR _0.159%

Phys. Rev. D 93, 014028 (2016)

In agreement with SM




Candidates / (0.2)

Candidates / (0.2)

JHEP 04 (2015) 064

Results for B® — K*0ete™

50

" LHCb7 3

F, =-+0.16+0.06+0.03
A? = _0.23+0.23+0.05
Am = 10.14+0.2240.05
AR =40.10+0.184+0.05

oo 24010150
AR 1003700

0.04

-1 -0.5
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Am M gotlay 074
AR E _01579%

Phys. Rev. D 93, 014028 (2016)

In agreement with SM

0 0.5 1
cos B¢
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Candidates / (0.2)

Candidates / (0.2)
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...and consistent with
B® — K*9u* = anomaly, since
5 o : contribution from C;7 only

cos B¢

F. Lionetto - Test of lepton flavour universality at LHCb - SPS/OPG 2017




LFU angular asymmetries

® Intriguingly, discrepancies in Rk k+ explainable by reduced Céflo
O would explain pattern of deviations observed in b — suu transitions
too, including P{
= Best way to connect directly P{ and Rk- would be to measure
LFU angular asymmetries
O Q= Pi(pp) — Pi(ee), in particular Qs = PL(pup) — Pl(ee)
= arXiv:1605.03156

15 15 . . :
=1 SM from DHMVILQCD
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LFU angular asymmetries

= Intriguingly, discrepancies in Rk k~ explainable by reduced Cé‘lo
O would explain pattern of deviations observed in b — suu transitions

too, including P{

® Best way to connect directly P{ and Rk- would be to measure
LFU angular asymmetries

O

O

Qi = Pi(ppe) — Pi(ee), in particular Qs = PL(up) — PL(ee)

= arXiv:1605.03156

same information accessible using AS; = S;(ee) — Si(pup),

in particular ASs = Ss(ee) — Ss(jut) and AArg = Arg(ee) — Ara ()
= arXiv:1503.06199

in addition, D;, in particular Ds = Z’j; S&— dd’f; Sk,

combining branching ratios and angular asymmetries

— arXiv:1610.08761
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