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Why study rare processes?

e Rare decays: SM is suppressed
— Sensitive to BSM contributions

e Flavour Changing Neutral Currents (FCNC)
— Forbidden at tree-level in the SM
— Further suppression, e.g. helicity

e Probes mass scales beyond direct searches

W+ >0
— Up to ~ 100 TeV [z A
W_
S u-
baryon lepton helicity EW penguins  semi-leptonic
number flavour suppressed
violation violation By — MU b—osltl B— DX I["y-
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0 ~10%0 107 107 102 branching ratio
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I

lepton flavour universality tests
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FCNC.: theoretical description
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 Processes at many different energy scales
0.2GeV ... 4GeV ... 80GCGeV ... 10-100 TeV

/\QCD /\b /\EW /\BSI\/\
(non-perturbative) b mass W mass BSM scale Example of SM terms
b _M_/: S
. ¢ 7
 Described by an effective Hamiltonian =7 -
— O, (Operators): long-distance, non-perturbative physics
— C; (Wilson coefficients): short distance, high energy physics bW s
* BSM processes may modify these coefficients —9 t 0 +
7 _
Hefs = =2V, D0 + €0
\ / — — b t s
left handed right handed W W wt
(suppressed in the SM) =10 v y
"
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Rare decay observables
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Plot from Prog. Part. Nucl. Phys 92 (2017) 50

 (Differential) branching ratios  § R '
E Jhb $(29) Broad charmonium
— g?dependence forb —»sltlF T N N ot thoeshel)
Photon pole
e Di-lepton invariant mass i cnbancement (fom C7)
* BEg. B > K"utu” A
4 fijglfllgi[qiigirfessggances
e Angular distributions ~
nsitive to C7—Cy hasespace
- b - sltl™ decays menterence Suppression
0 l5I.II1OIIII15II.I20
e Lepton flavour non-universality Invariant mass2 of di-leptons 9" [GeV?]
— Compare the decay rates of e* and y* modes
[ ]

BSM processes can modify the effective Hamiltonian by
— Modifying Wilson coefficients of operators present in SM
— Introducing new operators
— Making Wilson coefficients dependent on the lepton flavour
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https://arxiv.org/abs/1606.00916

Overview of results
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Fully leptonic decays
_ Bgs)_)l'l-l_,u_

FCNC b — sl™1™ transitions (B® - K*u*u~ and friends)
— Differenftial branching ratios & angular analysis
— Global fits to Wilson coefficients

Lepton flavour universality test (I* = e*, u* or )
— FCNC b - sl*l™ transitions

o BO— KM[*][-
— Semi-leptonic b — cl™v; transitions

e B> DIty

o B - ]/PlTy

Outlook
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Fully leptonic final states

Bloy = utu”

W+ ur



B(sy = u*u~ branching ratio

 Very precise predictions available

— Only C,, contribute in the SM: BR(B, - IT17) «c mj

BR(Bs — p ' )sm = (3.52 £ 0.15) x 1077, BR(B? — ptp)sm = (1.12£0.12) x 10719

Prog. Part. Nucl. Phys 92 (2017) 50

— BSM scalar & pseudo-scalar operators may contribute

e Change in decay rate
e Mixing induced CP violation

e LHCb & CMS: Run 1 dataset
— Observation of B - u*u= (6.2 0)
— Evidence for B® - utu~ (3.0 0)

Weighted candidates per 40 MeV/c?

B(BY = p*p~) = (2.8104) x 107°

B(B® = p'p7) = (3.0174) x 1077
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MS and LHCb (LHC run 1)
T T T T I T T T

C Nature 522, 68-72
- I T T T I T T T I T
:_ —¢— Data

C — Signal and background

[ B>y

B> whu”
= - = Combinatorial background
----- Semi-leptonic background
— — Peaking background

5000 5200 5400 B 5600 5800
m,., IMeV/c?]


https://doi.org/10.1038/nature14474
https://arxiv.org/abs/1606.00916

B(sy = u*u~ branching ratio
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e ATLAS: 25 fb ! run |
— First ATLAS result on By, — putpu~

BB - ) = (09753) x 1077
Significance: 1.40 (3.0 expected from SM)
BB’ - utu) <42 x 107 (95% CL)

e LHCb 3+1.4 fo! run I+l
— First single experiment observation
* 7.90 significance By — u*u~
B(BY - putu™) = (3.0 £0.6755) x 10~°
B(B'> utu~) <3.4x1071Y

— Effective lifetime of By — u*u~
7(BY — utu~) = 2.04 +0.44 + 0.05 ps
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B(B® — u* 1) [10°]

BF(B® — p*u)

Eur. Phys. J. C (2016) 76:513

] LI R
\ATLAS ]
Vs=7TeV, 49" ]

Vs=8TeV,20fb" 1

O L A. — 1 1 1 1 1 1 |
AN AN -
| ATLAS Contours for -2 AIn(L) = 2.3, ]
_0_2¥ 6.2, 11.8 from maximumof L  _|
- 11 l 1 .1 1 l U - l T l 1 \1 1 l T N - Nx I
0 1 2 3 4 5 6 7
B(BS — u* 1) [107]
107 PRL 118, 191801 (2017)
0.9 T T T T~ T T ]
08F LHCb -
07F =
06F E
05F =
04F =
03F =
0.2 =
0.1f = ;
E 1 q4x107
00 o 8
A
BE(B, — p*p)
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https://doi.org/10.1140/epjc/s10052-016-4338-8
https://doi.org/10.1103/PhysRevLett.118.191801
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Electroweak b — s I* I transitions

B° - K*u*u~ and friends

l It

l+
Y,f;;<l w- Y W

b W S b - teu - s

S
BN
]|
Q



b — s I* | differential branching ratios &R
f(aétr;%ssm

BY - K*%utu~ differential BR versus di-muon invariant mass

e LHCb 3 fb!runl e CMS:20.5fb! run |

- B% > K*%utyu™ JHEP 11 (201¢) 047 - B% > K*®u*u™ Phys. Lett. B 753 (2016) 424
— Discrepancy with SM in low g? region — Compatible with LHCb and SM
x10°°

0 15 L e e e B L A BN S B e S R S CMS -1
' 2051 (8 TeV)
> LHCb | ~ 12
N -
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< . G 10f; ’ N
Q 7777 ( SM. Latti NN
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-3 ‘\b. N RHRRR—.
B 1 ARy AR
Z sRALLRMNINNN N
0.051 -+ I T 2 ARk MM
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— Similar mild discrepancy at low g2 in & (GeV?)
e B°—> K%y~
e Bt > K*tutu~ = JHEP 06 (2014) 133: 1 fb
° B+ N K*+M+#_
o Ay > ANutu- JHEP 06 (2015) 115: 3 fb!
e B) - putu” JHEP 09 (2015) 179: 3 fb!
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https://doi.org/10.1007/JHEP04(2017)142
http://www.sciencedirect.com/science/article/pii/S0370269315009685

VIA VERITAS VITA

b — s | I-angular observables

Angles defined in B meson rest frame
— Angular variables: 6, 6, & ©
— Di-lepton invariant mass?: g2
— Fit PDF for B® — K*u*yr-

4 —
L d (P+P) = 0 §(]. —FL)sin20K—|—FL OS20K

d(I' +T)/dg® dq2dG 32w [4

1
+ Z(l — F1,) sin? 0k cos 26,

— FY,cos? 0k cos 20, + Ss sin? Ok sin? 6; cos 2¢

+ Sy sin 20 sin 26; cos ¢ -H Sslsin 20k sin ; cos ¢

4
+ 3 Applsin® 6k cos 0 + S7sin 20k sin 0; sin ¢

+ Sgsin 20k sin 20; sin ¢ + Sy sin? O sin? 6; sin 2¢

For instance:
Form-factor uncertainties in the predictions of , Se

observables Py =
—  Alternative set of 7 observables with reduced VFL(1—FL)
uncertainties: P
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JHEPO2 (2016) 104

 LHCb: 3 fb'runldata set A T E
— Full angular analysis B — K* u* u- : LHCb :
— Local SM deviation in P; 1;+ SN from DIV S
« 280in4<qg2<6GeV?/c T :
e 3.00iNn 6<0g2<8 GeV?/c4 aF =
of -
* Belle: 711 fo! full data set S —
— Both e* and p* modes ¢ [GeV?ict]
— Local SM deviation in Ps s _ PRL118, 111801 (2017]
e 2.60 from SMin 4 < g2 < 8 GeV?/c* Ll o Aivotes
for the muon mode il A

e ¢* mode consistent with SM

00 = ‘ + ; :Ll_‘

e B — K*pu*u angular analysis oSt — e ]
— ATLAS 20.3 fpb!: Submitted to JHEP 10l e —_———
— CMS: 20.5fb ! Phys. Lett. B 781 (2018) 517 15 : TR 0
— Compatible with SM, LHCb & Belle ¢* [GeV?/c?]
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https://arxiv.org/abs/1612.05014
https://doi.org/10.1007/JHEP02(2016)104
https://arxiv.org/abs/1805.04000
http://dx.doi.org/10.1016/j.physletb.2018.04.030

e LHCb A, » A%utu~ angular analysis
— 5fb' (2011-2016) submitted to JHEP

e F
= 04
>

0.2f

— Angular moments (K) at high g2

— Compatible with SM

o BY/0 5 KH/Ou*tu~ angular analyses
— Different parametrisation: Agg & Fy -
— CMS 20.5 fb!: submitted to Phys. Rev. D

o New result

—02fF
N ——

~0.4f

— LHCb 3 flo': JHEP 05 (2014) 082

— Compatible with SM

10 August 2018
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. sCMS 20.5 b (8 TeV)
- 4 Data
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- l New result
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https://arxiv.org/abs/1808.00264
http://arxiv.org/abs/1403.8045
https://arxiv.org/abs/1806.00636

Global fits to Wilson coefficients

rf"?:
* Isthere a pattern in these deviationse 2’ 2-ATLAS 0 15=8TeV,20370]
e Global fits of Wilson coefficients 15 Egﬁéﬁs :CEFF“g:BSC’HVJJ ;
— Approximately 100 observables 1t 4 Belle E
. Bgs) - utu~ and b - sy BR O'Sﬁ_'—+ E
e b - sl*l~ BR & angular observables i3 | E
— Several global fits in literature o — E
e Fits prefer BSM confribution to C, _10:_. e AT'—é SN
e 3-50 from SM depending on constraints o [GeV?]
e Possible interpretations f JHEP 06 [201¢) OEQH —
— BSM physics contributions | - f;:.a'rngb:ib.esm,)
e e.9.lepto-quarks ora Z’ ’ g ]
— Limits in our understanding of QCD 1
e E.g. confributions from charm loops 22 0 \\
AGp _, . , , -1 \
Hepy = — V2 Vo Vi Z[Ci(ﬂ)oz‘(ﬂ) + Ci(r) O (1)) 2§ C, = CSM 4+ CNP
Z left handed right handed _ | |
(suppressed in the SM) ah
-3 -2 -1 0 1 2 3
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https://arxiv.org/abs/1510.04239
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Lepton flavour universality

Ratios of branching ratios — comparing lepton flavour

R B(B » K®u*u™) p . _BB-oDTV)
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e [epton flavour universality test

B BO/+—>KO/+(*) +,,—-
— Close to unity in SM ( AL,

Ry = B(BY+ - KO/+(*)€+€_)

e Measurements by Belle & Babar
— Combines BC & B* ratios Plot from Prog. Part. Nucl. Phys 92 (2017) 50

- Ry and Ry~ for different g2 ranges
e Consistent with SM prediction

e LHCb 3fbb'lrunl: Ry PRL113(2014)151601
— Measured as a double ratio

_ B(BY > K utu) BBY*->K*]/Y (»ete))
B(BT > K]/ (> utur)) B(B* - K*te'e™)

Ry

Ry = 0.745709% (stat) + 0.036 (syst)

e 2 60 deviation from SM Babar: PRD 86 (2012) 032012
Belle: PRL 103 (2009) 171801

10 August 2018 L. Eklund 16



https://arxiv.org/abs/1606.00916
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1103/PhysRevD.86.032012
https://doi.org/10.1103/PhysRevLett.103.171801

JHEPO] (2017) 055

LHCb: 3 fo! run |: Rg+
— Tension with SM

e 2.1-230in 0.045<g2< 1.1 GeV?Z/c4
e 22-240in 1.1 <g2<6.0GeV?/c4

B(BO_)KO* +IJ )

® LHCb
BIP

& DY O
FauPRRy
oot s

v CDHMV 7]

B EOS
® flav.io ]

- B(B? —» K%*ete™)

Fit to Wilson coefficients
— Allowing for ¢J*
e 3.50 from SM

e Preference for CNP + 0

10 August 2018 L. Eklund
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https://link.springer.com/article/10.1007/JHEP08(2017)055
https://arxiv.org/abs/1704.05340

LFU: B> Dt%v,vs.B - D I*v; (I=eorp)

—_—
| e ——— ]
@

ol

Q

e Hadronictag, 1~ » v, 77 = p v,

e LFU ratios for semi-leptonic D™ decays v B(BY~ —» DY=(gty)
e Ry measurements D& T BB/~ - DU/~W[*y)
— Belle & Babar . ————— e
 Hadronic tag, 1~ — "V, 8 OSE T R mbsmononoot,  Ar= 1.0 contours E
(o' - o LHCb.PRL]lS.I‘)l]803(20]5) ammmm Average of SM predictions 7]
e Rp- measurements 0450 T pllrRLuSAIOION)  RD)-0290003 E
S — LHCb, PRL120,171802(2018) R(D*) = 0.258 £ 0.005 .
— Belle & Babar 0.4 EEED Avermge E
e Hadronic tag, t™ = ", 035 o 3
— Belle - .
03 -

« Semi-leptonic tag, t~ - ["vv, 025
— LHCb 3 fb'! (run ) 02 TR
« T 5 l_ﬁlvr 0.2 0.3 0.4 0.5 RO(16))
c TT o TRy, Tension with SM prediction
« 2.30INRp

« 3.00in Ry«
« 3.80 combined
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e Similar decay, change of spectator quark

— c-quark instead of u- or d-quark

B(BS = ]/ tTv)

R = BB S /by

e LHCb 3fb' (run1) PRL120(2018) 121801

- 1 =1y,

R;y =0.71 £ 0.17(stat) + 0.18(syst)

— SM prediction: 0.25 -0.28
e Compatible within 20
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0.5 1

—— Data
Mis-ID bkg.
[ J/y comb. bkg.
BI — x (IP)I'v,
B B —Jytty,

15 2
decay time [ps]
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https://doi.org/10.1103/PhysRevLett.120.121801
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Outlook

Many exciting results in the years to come
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LHCDb datasets and upgrades
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e LHCb results almost exclusively from 3 flo-! Run | data

— 9 fb! expected at the end of Run |I

« Doubled signal yield/flb! due to increased bb cross section
CERN-LHCC-2017-003

LHC Period of Maximum £ Cumulative

Run data taking [em™2s71] [ Ldt [fb ]
Current detector 1 & 2 20102012, 2015-2018 4 x 1032 9
Phase-I Upgrade 3 & 4 2021-2023, 2026-2029 2 x 1033 50

Phase-II Upgrade 5 —  2031-2033, 2035 — 2 x 1034 300

e LHCb Phase-l upgrade (5x current luminosity)

— Remove H/W trigger — 40 Mhz readout
* Doubles signal yield/fb! for hadronic channels

e Data taking from 2021

e LHCb Phase-ll upgrade (50x current luminosity)

— Major detector upgrade
Fol submitted: CERN-LHCC-2017-003

Opportunities in flavour physics,

— Physics case in preparation: LHCb-PUB-2018-009

Expression of Interest

10 August 2018 L. Eklund


https://cds.cern.ch/record/2244311
https://cds.cern.ch/record/2244311

Belle Il, ATLAS & CMS
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SuperKEKB luminosity projection

e Babar & Belle datasets

— 550+ 1000 fb-! 2 % Goalof Belle Il/SuperKEKB
+ Belle II: 50 ab- P
— First collisions achieved in 2018 § :::
* Physics data taking end of this year ) 1:_| |
~ Belle Il talks: £
» F.Bianchi (foday), O. Hartbrich (Wed.) — §§
| R e

1 1
P 2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year

o ATLAS & CMS: results from 20-25 fo-!
— ~ 140 fb! on tape
e Expect ~300 fbo' by 2023
— CMS 2018 data taking:
* New high-rate b-physics trigger
* Ry and other measurements

~
o

L T I I I I T

 ATLAS Online Luminosity
C 2011 pp {s=7TeV
- ——2012pp {s=8TeV
[ ——2015pp fs=13TeV
[ ——2016pp Ys=13TeV
= 2017pp {s=13TeV
[ = 2018pp {s=13TeV

o)
S
|

|

N
(=]
III

W
o
T

Delivered Luminosity [fb™]
(6]
T

N
o
T

— 3 ab! for the sLHC upgrade era 105— El
— Many important results are expected 3;“ — 5 '/Og’f

Month in Year
10 August 2018 L. Eklund 22



Physics prospects
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arXiv:1002.5012 and

EPS-HEP 2017 talk by S. Falke

e Belle ll: Ry, Rp+ & Ry Current  Belle Belle |l
precision 5 ab 50 ab!

O Bellell = \/(a;"tat + 02, 55‘:1/: + 02,4 Rp 12% 5.6% 3.2%
R 5.4% 3.9% 2.2%

R¢ 12% 7% 2%

e |HCb Phase | & Il upgrades
CERN-LHCC-2017-003 - 1
CERN-LHCC-2012-007 % o8 .

Prediction for B — K*utu

.......................................

[ sM from DHMV
® LHCbRun1
[0 Phase-ll Upgrade

LHCb-PUB-2018-009

0O

. Current Phase-l Phase-ll 06| o

B9 7 WH | precision  23fb! 300 o 0.4 %*@ 30067 |7

0.2 T

Ogg X107 0.7 0.3 0.16 0 ‘ Q

. C} 1

Effective 0.2 o N

ifetime o, 257 5% 2% 0.4 i%“% N

0.6 H18

R¢ 12% 2.5% 0.7% o5 &
ATLAS & CMS are competitive in By — u*u~ L T S 52 o 1
« See e.g. ATL-PHYS-PUB-2018-005 q° [GeV'icT]
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http://cdsweb.cern.ch/record/2317211
https://cds.cern.ch/record/2244311
https://cds.cern.ch/record/1443882
https://cds.cern.ch/record/2244311
https://arxiv.org/abs/1002.5012
https://indico.cern.ch/event/466934/contributions/2588875/attachments/1487735/2325041/slides.pdf

Summary
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e Rare B-decays are an excellent probe for BSM physics

e b — st branching ratios & angular observables
— Intriguing deviations from SM predictions
— Pattern in the deviation emerges

* Lepton flavour universality fest: Ry ¢y and Ry e
— Many other LFU ratfios available: Ry, Rg, Ra. Ry Rys + R

p BB o KOOty p BB - DY Mty
KW T B(BO/+ 5 KO/+(eter) D™ T BB/~ 5 DU~M[+y)

e Many new exciting results are expected
— Data already recorded (LHCb, ATLAS & CMS)
— Upgraded detectors (Belle Il & LHCb upgrades)

10 August 2018 L. Eklund 24
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VIA VERITAS VITA

B, — u*y- effective lifetime

e LHCb update: 3fo! (runl) + 1.4 fb! (run 2) PRL118, 191801 (2017)

e New observable sensitive o CP violation
— A= 1InSM (i.e. no CPV)

£k LHCb 3 - IP\’:L\SIZO,W,:O s =1/2
: r T ~ l' SM l,
P_.c; - ] 0.8 i
S 6 —— Effective lifetime fit 7]
3 [ ] 0.6 i
g 1 - "
= 4 - 04t |
? 22 ] 502t i ’
- . T o0 - = :,'W/4
ERN: : S ol : .
5 OF ] i | | Non-scalar
S t ! n 3 _oal 4 ) )
Decay time [ps] —0.6 ¢ | /

0 4o ~ - - —08 | i | == |S|, ps free; [P|=1;, pp=0 |

7(BY = puu~) =2.04 £0.44 £ 0.05 ps L Lor=k/2 = op free; |S] = 0;|P| = 1% 10% |
- |P|=1,|5]=0 Excluded at 95% C.L.

Terf = Tg, = 1.619 £ 0.009

0.6 0.8 1.0 1?2 lf4 lt(j 1.8 2.0 2?2 ‘2:4
Measurement for the sLHC era R = BRuy(By — 44} /BRen(By o> po-)

De Bruyn et al., PRL 109, 041801 (2012)
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https://arxiv.org/abs/1204.1737
https://doi.org/10.1103/PhysRevLett.118.191801

Searches for B, — t't-
i:@‘f?:

Larger branching ratio due to the larger mass
— Additional enhancement possible in BSM scenarios that violate LFU

BR(Bs — 7777 )gm = (7.46 £0.30) x 1077, BR(B® — 7777 )gm = (2.35 4+ 0.24) x 1078
— Experimentally challenging: mulfiple neutrinos in the final state

e LHCb 3fb!'run 1 PRL118, 251802 (2017) ,
. Fit to B;) — t"t ~NN output
— Hadronic:t™ » n n¥n7v; " 10 &
. . 3 E
— Normalisation Z ol LHCb
+ BY > D" (> K'm n)DS (o Ktmm) E o bm
B(By = 777) < 6.8 x107° at 95% CL R e
B(B® - 7777) < 2.1 x 1072 at 95% CL 10 | == Background ‘
e BaBar 232M BB events TN
— l-frackit™ = m7v, 07V, e Vv, U v,V E()': —
50 010203040506 070809 1
Neural network output

BB - tt17) < 41x107°
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https://doi.org/10.1103/PhysRevLett.118.251802

b — s I* | differential branching ratios

VIA VERITAS VITA

e LHCb: differential branching fractions in several b — s I* I modes
— Versus di-muon invariant mass squared: g2

. -LCSR : ILattliceI: T._.Dat.a. — . -LCSR : ILattécc? T.TDat.a. — 20 -LCSR : ILatticc? T.TDat.a. L
> B Koty > BoKuwu ] % B - K uu ]
9 LHCb A 9 LHCb § 915 LHCb -
x M E 105 JHEP 06 (2014) 133: 1 foj
5 ] 5 1 5 _+- h ]
= E = ++ 1 = ]
aQ ] Q ] A, S ]
3 + ER) 1 3| 4+ > ]
o) 0] S P R L1 N s ) S NP B B B A 0 I B B N
© 0 5 10 15 20 . 0 5 10 15 20 © 0 5 10 15 20

¢ [GeV¥c] ¢ [GeVZ/cH] ¢ [GeVZ/cH]

g0t JHEP 11 (2016) 047: 3!, JHEP 06 (2015) 115:3 b~ JHEP 09 (2015) 179: 3 fb-!
> LHCb 2 16F sMpmdmeon/\B — AUTY A N ' ' LHCb 3
g ;/ ME - E % 85_ +- SM pred. _é
= o0l . g 12f g 1 £ Z:_I_ Bs — @uru L E
BY - K¥ymu 1 = e § RS 5 e
3 ] 2 S 13
ot Mg, -+ FEH O upEl T E S B
1 - 04E E TE 3
] %02;—_{_"_{_‘ + LHCb § = E . |3

1 PR 1 E 1 1 1 ] as]

% 5 10 15 0 5 10 15 20 “ ’ v qlzs [GeVZ/c4]

¢ [GeV¥c*] ¢* [GeV?/c]

e Discrepancy in the low di-muon invariant mass region
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CMS BY — K*Ou*u- differential branching ratio and
angular analysis

VIA VERITAS VITA

CMS 20.5fb " (8 TeV)
XXXXXXXX; \\\\\\\\\\\\\\

e CMS:20.5fb ! runl 3 FEcsm Lesr) BO— K¥OUTpr
8 f_ R AN Y

(O] \
// NN
o - < SM Lattice > Ny
N
_ 0 *0p 1+ - ®
BY — K*u*u~ Phys. Lett. B 753 (2016) 424 -
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http://www.sciencedirect.com/science/article/pii/S0370269315009685

BO — K* e* e~ angular analysis
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e LHCb:3fb'runl
— Particular interest in the low g2 region
» Sensitivity to photon polarisation
* Wilson coefficients C, & C,’
— Folded angular distributions
* |Increase sensitivity for low yields
* 4 observables

JHEPO4 (2015) 064

- T T g T T T g T T T T T T

> 100 LHCb -
) : i i
= : : ]
0.002 < g2 < 1.12 GeV?/c? < sof t Data E
F, = 0.16+0.06+0.03 5 . F — Model 1
2) o 6o A\ e B” - K'*¢
A® = _0.23+0.23+0.05 5 | W e
Alm = 40.14 4+ 0.22 + 0.05 2 Yo Combinatorial
AR = 40.10 +0.18 + 0.05 © 20F 3
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https://doi.org/10.1007/JHEP04(2015)064

Belle: T polarisationin B — D* t*v

Belle full dataset PRL 211802 (2017)

— Complementary observable

— Hadronictag, 7~ » v, 77 =2 p v,
Polarisation of T

o 7(D*) —T~(D")
Pr(D") = =09 1=(D7)

— [*(D*): decay rate with T helicity £
— Differential BR

dF(D*) — r(g*) []_ -+ aPT(D*)COSﬁhe/]

d cos Y el
T — vy (a=1)
T — pvr (o = 0.45)
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T rest-frame

Result:
PSM = —0.497 + 0.013
P, = —0.38 + 0.51%)4%

Compatible with SM
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https://arxiv.org/abs/1612.00529

Interpretations of the R, results
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* Example of BSM model that would influence R,

— 2-Higgs-dublet model Type
e Parametrised by tan(f)/my+

— Affects both measured and predicted R,

Comparison with Babar hadronic result

0.8F

0.6

R(D*)

0 0.2 0.4 0.6 0.8 1
tanB/my+ (GeV™1)

Not consistent with 2HDM type |l
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Comparison with Belle hadronic result

R(D(*))

1

0.95 R(D) ///

0.8:— | = theor. R(D) / ______
- | dR(D

or B 0 ///

0.6;— Il measured R(D*) |-

y -

0.2F

0.1F

= PRD 92(2015) 072014
00I - I(').1J - l0.|2I - IO.J3J - I0.|4I - J0:[5l - I0.|6I - ‘0.[7l - I().8
SM tanB/mH+(02/GeV)

Consistent with 2HDM type |l

with tan(f)/my+ ~0.45
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