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Introduction

R Rare decays as sensitive probes for New Physics

Rare decays in the SM Possible contributions from NP
t Supersymmetry Leptoquarks
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Rare decays are so called Flavour Changing Neutral Currents
In the SM: Only allowed via quantum fluctuations (loop suppressed)

New heavy particles can significantly contribute and

change rates and angular distributions
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Introduction

R NP contributions and relevant effective couplings

Model independent description in effective field theory

[Flavour violating coupling]
_4AGr
Heit = == VaVage— ) _[C)[O)  ATtne = =550
NG 16 2 Z

Wilson coefficient
(“effective coupling™)

NP can contribute to different operators O; depending on its type.
Relevant effective couplings for rare decays:
Coupling Operator
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Introduction 4/

RO T he complementarity of NP searches with rare decays

Exclusion limits for NP searches

Anp

A

scenario K

Tree generic 1
Tree MFV Vib Vis

Increase precision

. 1

Rare decays (AF = 1) Loop generic {52

Hyp o< 55— Loop MFV Vel
Increase /s

1

Direct searches

K
>
CKM-like generic
flavour violation " flavour violation

Direct searches limited by beam energy, Anp < /s
Reach with rare decays scales with \/k/c(C;)

Typically Anp o \/k/0(C;) x /K& x {/ [ Ldt
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Introduction

RO LHCb Upgrade schedule

LHCb Current » Upgrade | » Upgrade I——

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018 &= Y W e 5 f:
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Current status: 9fb~! in Run 142

Upgade | a+b: 50fb~! (Run 3+4 at £ =2 x 103 cm~2s71)
Upgrade 11: 300fb™! (Run 5 at £ =2 x 103* cm~2s7!)
LHCb Upgrade Il summarised in Eol [CERN-LHCC-2017-003]
and Physics case [CERN-LHCC-2018-027]

Physics of the HL-LHC, WG 4 Flavour [arxiv:1812.07638]
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Introduction

Aty Typical NP reach of Rare Decays

Anp reach with LFU tests R j-(«

Axp [TeV]

10?

= Tree generic
+ Tree MFV
1 Loop generic
«10 Loop MFV

10
Integrated Luminosity [fb™']

[Upgrade Il Physics case] [Physics of the HL-LHC WG 4]

JLdt 3fbT 23fbT 300fb"
Ry and Ry« measurements
a(Co) 0.44 0.12 0.03
Alreeseneric [ ay] 40 80 155
AlzeeMEV [Ty 8 16 31
AgepeEeneric [Ty 3 6 12
ARPMEY [ Tev] 07 13 25
BY— K*0u* i~ angular analysis
P (S;) 0.034-0.058 0.009-0.016 0.003-0.004
a(Cly) 0.31 0.15 0.06
AREEere [ Tev] 50 75 115
AleeMEV [TV 10 15 23
AgppEeneric [ Tey) 4 6 9
AgePMIV [ Tev] 0.8 12 1.9

Reachable NP scales Anp o /1/0(Cxp) o {/ [ LAt

Precision flavour observables probe scales far beyond /s = 14 TeV

Upgrade Il can reach a factor 1.9 higher than Upgrade la
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Very Rare Leptonic Decays
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Very rare decays

MOMN The very rare decay BY— it~

09X10°

LHCb

L 3x107°
0 8 -
BF(B, — H'H)

Loop- and helicity suppressed with purely leptonic final state:
Experimentally and theoretically clean probe of new (pseudo)scalars
Precise SM prediction [5ri 02" 51501 (201
B(BS— ptp™) = (3.654+0.23) x 107  B(B°— pTu™) = (1.06 + 0.09) x 1071°
BY— 't~ sets strong constraint on MSSM B o< tan® 3/m?
First observation of B — T u~ (7.8 0) by single experiment pri 116 o) 1ors01):
B(BY— ptu™)=(30+06%93)x 107" B(B°—= putp”) = (1.5712492) x 10710

B?s) — wtp~ in agreement with SM (and MFV) but stat. limited
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http://arxiv.org/abs/1311.0903
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Very rare decays

RACHEN B — pp in the Upgrade I

Current Theory Systematics

Current Experimental Systematics

non-param.

Source size qu
Hadronisation fraction f,/fs 5.8% IBa

Normalisation modes 3%

Particle identification 2% s Tud
Track reconstruction 2% KM M

B(B® — ptp~) will remain stat. dominated with Upgrade Il sample
Projected statistical uncertainty for B(BY — utpu~) is 1.8%
Total exp. systematic uncertainty expected to reduce to ~ 4%

Expected total experimental uncertainties

now 23fb~T 300fb"
absolute uncertainty BY — ptp~ [1077] 0.67 0.30 0.16
rel. uncertainty B — ptu/B% — ptu~ (%] 90% 34% 10%

Dominant theory uncertainties (B decay constant, CKM elements)
also expected to reduce

[m] [l = =
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Very rare decays

Aty BY— ptu~ lifetime

[PRL 109 (2012) 041801] [PRL 118 (2017) 191801]
0 \P|‘:1,\S‘\‘_: 0,0p=0 ps=m/2 7 [ T T ]
{SM ! g o 8 LHCb -
0.8 i g K F 1
)i D5 = ,‘ 8 L ]
06 / ] S /151=1P| g op — Effectivelifeimefit
< 02 | | Scaldr NP (CY) Zf .
T oo . ep =/t . oo -
3 o | / @ T ]
%’0'2 ! Non-scalar 3 ok ]
<-4 fNPCl, G 5 or ‘ ‘ ]
06 / = 5 5 10
—0st | ! == [S], s fee; [P|=1; op =0 Decay time [ps]
10 i pp=Fh/2 == p free; |S| = 0;|P| =1+ 10%||
[P|=1,]S|=0 1 Excluded at 95% C.L.

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22 24
R = BRexp(Bs — p" ™) /BRswi(Bs — p'p™)

T(BO(t) — putp~) o [cosh (yst) + Syusin (Amgt) + Aar sinh ( Ysk

TBg B

e

Effective Lifetime probe for NP complementary to B

2
Ty = Ty TEHUASTEYL with y, = 75, A = 0.062 & 0.006
In the SM: ASM = 1, NP models allow ANT. € [-1,1]
7(BY— 7777) = 2.04 £ 0.44 £ 0.05ps [PRL 118 (2017) 191801]
Compatible with Aar = 41 (1) at 1.00 (1.40)
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Very rare decays

RWTH _
AACHEN BY — it lifetime

[JHEPO5 (2017) 076]

present status LHCb Run 4 projection LHCb Run 5 projection
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Upgrade II: 2% uncertainty on effective lifetime 7,
Breaks degeneracy between possible contributions from Cg) and Cg)
Will allow to exclude second solution in tan 5/my4 plane

With tagging power 3.7% measure time-dep. CP-violation
o(Suu) ~ 0.2
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https://arxiv.org/abs/1702.05498

Rare b — S/,1+,L17 penguins

Electroweak b — su™p~ Penguins

] T T T

e LHCbdata o ATLAS data

= Belle data CMS data
[T SM from DHMV
SM from ASZB
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Rare b — su™ 1™ penguins

TN Branching fractions of rare b— su™ ™ decays

LHCb BO— K*0pt = [JHEP 11 (2016) 047] LHCb BY— ¢putp~ [JHEP 09 (2015) 179]  LHCb B — Ktutu~ [JHEP 06 (2014) 133]

152107 BN CSR Lattice -e-Data
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cofimgmy -+ FEE S Ao =T L
: : i sy &
: : T Bwed B
e & ‘ . 2
. . . ) n . a ‘ ‘ ‘ )
0 5 10 15 S 0 5 10 15 20
@ [Gevic] 7 1GeVic) R [GeVicA
A9 — Aptp~ [JHEP 06 (2015) 115]  LHCb B°— K% +yu~ [JHEP 06 (2014) 133] BT — K*Tutp~ [JHEP 06 (2014) 133
— L . . . . Bm| CSR ~Lattice -e-Data 20— mLCSR Lattice -e-Data
uanany 1< : E e o ‘ R
2 L. et 13 B Koty 3 B - K™u'y
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Pattern: Data consistently below SM predictions
But sizeable hadronic theory uncertainties
Tensions at 1 — 3 o level B e e = = saco
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http://arxiv.org/abs/1606.04731
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Rare b — su™ 1™ penguins

RWTH _ . :
AACHEN Future b — su ™~ branching fraction measurements

[JHEP 06 (2014) 133]

[JHEP 09 (2014) 177]

o 05 3
< LHCb B - K 'y ] = oo tho E
osf- 8 o.'zg— —
o o) Lglﬁ#&__.#___ﬁJ .

4 , ] :
T e

04F

10 5 10 15 20 : ) 5 10 15
R [GeVZc4 @ [GevZc]
Experimentally, B(b — sutp™) will be limited by normalisation modes

More precise measurements of these possible by Belle Il

Asymmetries (experimentally and theoretically) more precise!

_ TBoK®py u ) -T(BoKWut ™)

T I(B2K®ptp )+ (B=K®) pt )

N(B° K™t ) —T(Bt 5 K™+t )
T(BOS K0T ) 4T (BT 5K F ptp—
Expect percent-level accuracy for these quantities with Upgrade |l

CP-Asymmetries Acp

Isospin-Asymmetries A; =
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https://arxiv.org/abs/1403.8044
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~ penguins

RWTH -
AACHEN b — du™ i~ processes

Bt — wtutp~ [JHEP 10 (2015) 034]

— K*Ou+y~ [JHEP 07 (2018) 020]
25 *LHCb APR13 # HKRI15 @ FNAL/MILC15 T

LHCb

%\ .9 Ng
% LHCb 3 + Daa E
D s — Fit
o ] =) (3B~ Ko
p ] S B~ Kuyp
8 E ° W/ - pKpru ]
~ Z B Comb. bkg. 1
] % 10 E
g S ]l ]
E 5
0 5200 5300 5400 5500 5600
2 (GeV¥c?) m(K™ i) [MeV/c?]

b — dut ™ processes are suppressed wrt. b — syt
by [Via/Vis|? in the SM (and MFV NP models)

Nrpp ~ 90 (Run 1) and Ni.o,,, ~ 40 (Run 1+2016)
Upgrade Il will provide N, ~ 17000 and NI?*OW ~ 4300
Allows 2% level precision on |V;q/Vis| from rare decays

Allows for angular analysis of BY — K*Ou* = with better precision than
Run 1 B — K*0u* = result
[m] [l = =
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http://arxiv.org/abs/1509.00414
https://arxiv.org/abs/1804.07167

Rare b — su™ 1™ penguins

Aty Angular analyses of b— su™p~ decays: P. and friends

O

'n- T T T .
o LHCbhdata o ATLASdata 1
d > d = Belledata © CMSdata ]
BO - K0 - SM fromnDHMV ]
t A M fromASZB 1
< < < 3

b A} A < ! < S l g

\

3
N Y
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=
i |
&
[6;]
T
il (13)
(29

0 5 10 15
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BY— K*O(— K*7n~)utp~ exhibits rich angular structure,

one example the less form-factor dependent observable P!

In g2 bins [4.0,6.0] and [6.0,8.0] GeV?/c* local deviations of 2.8 0 and 3.0 ¢
LHCb only global BY — K*Ou* i~ analysis corresponds to 3.4 o

[LHCb, JHEP 02 (2016) 104] consistent with [Belle, PRL 118 (2017) 111801]
[CMS-PAS-BPH-15-008] [ATLAS, arXiv:1805.04000]

[m] [l = =
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Rare b — su™ 1™ penguins

O Upgrade Il sensitivity with B®— K*0p+ -

Run 3 Upgrade Il
308 o 3_09 T Scenario  Cj Cl,
& 1-5; — scenario v E &) 150 — scenar?o v ] SM 0 0
'~ scenariolll ~——— scenario lll
E . 3 T 1 m 403 +0.3
d 4 ER\Y +03 -03

’,“ E 0.5 g
O

- E -1 ]

-15F 4 sk E
oL 1 | -2 1 |
-2 -1 0 1 ( )2 -2 -1 0 1 ( )2
ReC'g" ReC'g'

Expect ~ 440000 B° — K*9u* 1~ candidates in Upgrade I
(Roughly corresponds to Run 1 stats for tree-level charmonia modes)

Allows for determination of angular observables with unprecedented precision
Different NP scenarios can be cleanly separated

[m] [l = =
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Rare b — su™ u~ penguins

RWTH . :
ancieN New experimental approaches: ¢?-unbinned

Scenario ACy Al

L0 Run 3 L0 Upgrade Il
! ! SM 0 0
L - sy L - sv
07 . scenario 11 07 . scenario Il | -1.4 0
L E cenario | L B cenario |
050 050 1 -0.7 +0.7
0251 025
a7 000F a7 000
—02s| —02s)
—osok 050
—075| —o7s| k
ool , , i A , \ ool . , I ) , ,
S48 10 12 B A N CE
7 GeV?] 7 GeV?]

¢*-unbinned approaches allow to better exploit the data [JHEP 11 (2017) 176]
Will allow to separate different SM extensions with extremely high precision
Major challenge to disentangle NP from charm-loop contribution in Cg

Different parameterisations of the charm-loop contributions on the market

Parameterisation using Breit-Wigners [EPJC 78 (2018) 453]
Parameterisation from analyticity [arXiv:1805.06378] [PRD 99 (2019) 013007]
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Lepton Universality Tests in Rare Decays

-
S0k e 1
< [ ¥Yuoe 1
08F l 1
| ? 1
00 ® LiCh
b 3P ]

04 v CDHMV ]

[ EOS 1

021 @ flav.io |

F LHCD § taveied
ool bt 1

0 1 2 3 1 5 G

¢ [GeV?/cY]
[m] = = =
2:l82d  C. Langenbruch (RWTH), TUPFP Durham 2019 New rare observables in LHCb Upgrade Il

DA



Lepton universality tests in Rare Decays

AACHEN Lepton universality tests in rare decays: Ry, Rg

Rx ratios extremely clean tests of the SM
dT'(B—=X dr'(B—=X
RX—f(HHM 2/f %ee

RM =14+ 0(10~

)dq2

3) (neglecting mg), QED effects O(1072) [eric 76 (2016) 5.440)
Hadronic uncertainties (form factors etc.) cancel in the ratio
Different modes probe different operator combinations

O

[m] = = =
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Lepton universality tests in Rare Decays

RWTH :
ArcHEN Current Experimental Status
[LHCb-PAPER-2019-009]

[JHEP 08 (2017) 055]
LA L L L L L

X
o 20 :
r LHCb PN
L o 1Of - :
15 al S ]
- 0.8 4
C | C \ E ]
10 0.6 F E
I p—l-}—c J r @® LHCbH B
L i r A BIP ]
L = BaBar 04 v CDHMV 7
0.5 4 Belle r W EOS ]
i v LHCbRun1 0.2F @ flav.io
- o LHCb Run 1+ 2015 + 2016 [ LHCH e }
0.0 1 1 1 1 0'0'....\....\....\....\....\....\'
0 5 10 15 20 0 1 2 3 1 5 6
2 2 2
© LHCb [LHCb-PAPER-2010-000] I [GEVICY] A BIP [EPJC 76 (2016) 440] ¢ [GeV?/c]
LHCb Run 1 [PRL 113 (2014) 151601] v CDHMV [JHEP 04 (2017) 016]
A Belle [PRL 103 (2009) 171801] m EOS [PRD 95 (2017) 035029]
m BaBar [PRD 86 (2012) 032012] & flav.io [EPJC 77 (2017) 377]
@ JC [PRD 93 (2016) 014028]
Numerical result and compatibility with SM prediction(s):
Ri(1 < ¢* < 6.0GeV?) = 0.84670-084 10018 at central ¢*: 2.50
Rg-(0.045 < ¢* < 1.1GeV?) = 066747 + 0.03 at low ¢%: 2.1-2.3¢
0.07
Rp-(1.1 < g% < 6.0GeV?) = 0.6970:57 £ 0.05 at central g% 2.4-2.5¢0
Many further modes in preparation: Ry, Ryx, Rirr, - -
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https://arxiv.org/abs/1705.05802
https://arxiv.org/abs/1605.07633
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http://arxiv.org/abs/1204.3933

Lepton universality tests in Rare Decays

TN Experimental aspects: Bremsstrahlung and Trigger

B — K*0¢te~
. " [JHEP-08 (.2_017_) 055H Magnet ECAL

Yo
Upstream e - Downstream
brem === brem
14
e ~J .
Ey
Air

mK*rete) [MeV/cy

Perform Bremsstrahlung reconstruction to improve mass resolution
Upgrade Il: higher backgrounds/combinatorics due to # pp collisions
Higher calorimeter granularity
Timing information
Improvement in trigger efficiency due to LO removal (Upgrade I)

Not taken into account for numbers in this presentation, conservative
o = = = = DAl
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Lepton universality tests in Rare Decays

Ay Upgrade Il expectations for Rx ratios

[Upgrade Il Physics case] [Physics of the HL-LHC WG 4]

LHCb _Upgradelll ' E‘_ ﬁg I Vield Run Tresult 9fb~" 23fb " 300fb "
Scenario-| T Ry BYf 5 Kteter 254429 1120 3300 46000
- ACy =14 B K*cte™ 11414 490 1400 20000
LHCb Upgrade ! BY— gete - 80 230 3300
Scenario-I1 ACy = —0.7] A= pKete™ - 120 360 5000
ACyp = +0.7] Bt rtetes - 20 70 900
LHCb Upgrade Il T Rx precision Run lresult 9fb'T 23fb ! 300fb !
Scenario-1l1 TOAC =403 TRy 0.745+0.090 £ 0036 0.043 0.0 _ 0.007
T AC) = 403 Ryeo 06940114005 0052 0031  0.008
LHCb Upgrade I - Ry - 0130 0076 0020
Scenario-IV - ACH =403 Ry - 0105 0061 0016
— ACly = —03 R« - 0302 0176  0.047
LHCbRun1
T 1
0.4 0.6 0.8 1 1.2
R«
Huge samples of rare electron modes available in Upgrade Il
Nict ot e ~ 46000, Ngeo+o- ~ 20000
Ultimate precision on R i+ will be better than 1%
Different Rx allow to probe different combinations of Wilson
coefficients, separation of NP scenarios with high significance
or S = = = 9ac
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Lepton universality tests in Rare Decays

ular analyses with elect

Run 3 Upgrade Il
o 2.5 g 25 ‘ ‘
o E —sum (@) —sm [Upgrade Il Physics case]
& 2F — scenario I E & 2F — scenario I E Scenario ACSL” AC%‘L
< E — scenario | < —— scenario |
15 E 1.5 EY 0 0
1; — 1— — I '14 0

] Q I 07 407
0.5 - 0.5 ]
; ) . ]

-0.5F E -0.5F E
S E i 3
-1.5 1 | 15 | |
-3 -2 -1 0 1 -3 -2 -1 0 1
AReCy AReCy

Differences between angular observables in electrons and muons
theoretically clean, simultaneous fit useful

Sensitivity to additional combinations of Wilson coefficients
compared to Rx measurements
Excellent NP sensitivity unaffected by hadronic contributions

[m] [l = =
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Conclusions

RWTH .
amcHEN Conclusions

Rare decays are powerful probes for NP
Reach of precision flavour measurements goes far beyond /s

LHCb Upgrade Il can extend the probed NP scales by a factor 1.9
Expected Upgrade Il performance for key RD measurements:
B(B®— ptp=)/B(B%— ptpu~) at 10%
Precision measurements with 440000 B — K*Ou*u~ candidates
Ry i+ at sub-1% level
LHCb Upgrade Il will allow access many
new observables and analysis techniques

LHCb Upgrade Il will be able to probe
many types of Physics beyond the SM
and discriminate between them

- » 18
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Backup

RWTH
AACHEN Prospects summary

Table 10.1: Summary of prospects for future measurements of selected flavour observables for LHCb, Belle IT and Phase-IT ATLAS and CMS. The projected
LHCD sensitivities take no account of potential detector improvements, apart from in the trigger. The Belle-II sensitivities are taken from Ref. [608].

Observable Current LHCb LHCb 2025 Belle IT Upgrade II ATLAS & CMS
EW Penguins
Ric (1< ¢% < 6GeV2eh) 0.1 [274] 0.025 0.036 0.007 -
Ri+ (1 < ¢® <6GeV3ct) 0.1 [275] 0.031 0.032 0.008 -
Ry, Ry, R ~0.08, 0.06,0.18 —0.02,0.02,0.05 -
CKM tests
7, with BY — DF K~ (+37)° [136] 1° 1°
7, all modes (F29)° [167] 1.5° 1.5° 0.35° -
sin28, with BY — J/$hK? 0.04 [609] 0.011 0.005 0.003 -
@5, with B — J /¢ 49 mrad [44] 14 mrad - 4 mrad 22 mrad [610]
¢s, with BY — D} Dy 170 mrad [49] 35 mrad - 9 mrad -
5%, with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad  Under study [611]
ag 33 x 107 [211] 10 x 1074 3x 1074
Vsl /| V| 6% [201] 3% 1% 1% -
BY, B®ptpu~
B(B® — ptu~)/B(BY — ptp) 90% [264] 34% - 10% 21% [612]
TRt 22% [264] 8% - 2% -
Sun - - - 0.2 -
b — ¢~ LUV studies
R(D*) 0.026 [215,217] 0.0072 0.005 0.002 -
R(J/J) 0.24 [220] 0.071 - 0.02 -
Charm
AAcp(KK — ) 8.5 x 1071 [613] 1.7x 107 5.4 x 1074 3.0x107° -
Ar (~ xsin ) 2.8 x 1074 [240] 4.3 %1077 3.5 x 1074 1.0x 1073 -
2sing from D — K+z~ 13 x 10~ [228] 3.2x 1071 4.6 x 1071 8.0 x 1077 -
2 sin ¢ from multibody decays - (K3m) 4.0x107° (Krm) 1.2x10~* (K3r) 8.0 x 10°° -
=] (=) = E E DAl
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Searches for Lepton Flavour Violation
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Searches for lepton flavour violation

RACHEN Lepton flavour violating B-decays

O

By — e*pT [JHEP 03 (2018) 078]  B(BY — e*u¥) < 5.4 x 1077 at 90% CL
~ 1 T T T T T T

2 1f b oaa 1ot | LHCb
S 14F LHCb — Totd 1
% 12 oreoTio Combinaorid 0.8
10:‘ ey PV 1
@ £ B~ v 1 o6
gegNy! | B - e 3
g o coeer 4o
-§ 3 ERY
28 | P 3
[ol=amEn L RhR s N ] 0
5000 5200 5400 5600 5800 6 8

Mee,= [MeV/c?] BF(B? - et1F)

Lepton non-universality generally implies lepton flavour violation

[PRL 114 (2015) 091801]

Many NP models predict sizeable B for LFV B decays

Upgrade Il will allow to probe down to

B(B? — eFuT) <3 x 10719 and B(B? — 7%uF) < 3 x 1076
Searches for B — K®epu and B — K® 7, will set strong constraints
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https://arxiv.org/abs/1710.04111
https://arxiv.org/abs/1411.0565

O

Candidates/ (8.75 MeV£?)

Searches for lepton flavour violation

Lepton flavour violating 7-decays

LHCb Run 1 [JHEP 02 (2015) 121] Bgfiﬁ prutuT) <4.6 x 10°% at 90% CL

6F T T 1

LHCb 3

Tl

:I(.}GOO 1700 1800 1900
mu-p*pT) [Mevicd

6 8 10
B(r— prurpr) [x 109

In the SM the LFV decay 7+ — pu®putp~ is forbidden

Many BSM theories predict O(107% — 1078), just below limit of
B(r* — pFptp~) < 2.1 x 1078 at 90% CL [Belle, PLB 687 (2010) 139]
Belle II will probe this interesting region with 50 ab™*

LHCb Upgrade Il expected to probe down to O(10~?)

LHCb calorimetry improvements to suppress backgrounds,

eg DI = (= prpvuty, o
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Lepton universality tests in tree-level decays

Lepton Universality Tests in Tree-level Decays
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Lepton universality tests in tree-level decays

Aty Lepton universality test in tree-level decays

Lepton universality can also be tested in b — clv tree-level decays

Modified coupling in particular possible to third generation 7

. . . (%)
Theoretically clean tests possible in B decays: Rp~ = %
Nb. LHCb also allows for other modes using other b-hadron species:

BY, BF, A), ...
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Lepton universality tests in tree-level decays

RWTH :
AscHEN Current experimental status

LHCb has performed analyses of

Rp- =0.336 £0.027 £ 0.030 with 77 — u~v,v,

compatible with the SM at 2.1 ¢ [PRL 115 (2015) 111803]

Rp+« = 0.291 £ 0.019 + 0.026 + 0.013 with 7= — 7~ 7+ 7~ (7°) v,
compatible with the SM at 1o [PRL 120 (2018) 171802]

Ry =0.7140.17 £ 0.18 using B} decays

compatible with the SM at ~ 20 [PRL 120 (2018) 121801]

LHCb performs template fits to e.g. m2,,.., ¢°, E} relying on

its excellent vertexing to approximate the B-momentum
powerful particle identification and tracking to suppress backgrounds

o 5 = = E A
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https://arxiv.org/abs/1506.08614
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Lepton universality tests in tree-level decays

) combination
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Combine LHCb Rp+ measurements with B-factory results

All measurements are above SM predictions
Deviation of Rp/Rp+ combination corresponding to ~ 4.1 o
Recent theory input reduces tension [JHEP 11 (2017) 061]
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https://arxiv.org/abs/1707.09509

Lepton universality tests in tree-level decays

TN Experimental improvements in Upgrade Il
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RF foil removal will drastically improve vertexing performance

IP resolution at low pr nearly doubles, better bkg. suppression
Fraction of wrong PV association reduced by 30%

. . . 2 2 *
More precise determination of mZ ;... ¢°, E;

Expected trigger efficiency improvement of ~ 1.5
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Lepton universality tests in tree-level decays

Aty Upgrade Il prospects for Rp-

Arbitrary units

O

0.07
0.06
0.05
0.04
0.03
0.02
0.01

Expect O(10M) B — D*1v
candidates in Upgrade Il

Sensitivity with Upgrade Il
U(RD*)/RD* ~ 1%
Angular analysis would allow to
determine spin structure of
potential NP contribution

E 20045F o
£ LHCb Simulation notdecay| S 0.04} Luco simulation noTdecay | § 012 F LHCb Simulation no T decay
E Tdecay |§00351 Tdecay |§ O T decay
= 0.03[ = F
5 S 0.08
< 0.025 <
0.02} 0.06 -
0,015 004f
0.01%
0.005 |- . 0.02 -
\ E S ! ,
3 0-3 -2 -1 1 2 3 0—3 3
6, resolution (rad) x resolution (rad) 6, resolution (rad)
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