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Outline (2016-2017 results)

Recent results on modes used for precise tests of NP in B-physics

35D TV Belle PRD 94, 072007 (2016), Belle PRL 118, 211801 (2017),
Belle arXiv:1709.00129, LHCb arXiv:1711.02505

Bc>J/P TV LHCb arXiv:1711.05623

TREE B->D*lv |V Belle arXiv:1702.01521
B>uv Belle arXiv:1712.04123
B > D) KC) ®s LHCb-CONF-2017-004, LHCb arXiv:1708.06370
B-> uu ATLAS EPJC 76,513 (2016), LHCb PRL 118, 191801 (2017)
Bs)>TT LHCb PRL 118, 251802 (2017)

LOOP LHCb PRL 118, 251802 (2017), LHCb JHEP 11, 047 (2016),
B-> KO [+ |- LFUV LHCb JHEP 04, 142 (2017), CMS PLB 753, 424 (2016), Belle

PRL 118, 111801 (2017), Babar PRD 93, 052015 (2016)

B>K*vv Belle PRD(R) 96, 091101 (2017)
B> K"y Belle PRL 119, 191802 (2017)
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The case for new physics manifesting in B-decays

o Baryon asymmetry in cosmology
> New sources of CPV

e Quark and Lepton flavour & mass hierarchy
>extended gauge sector coupling to third
generation (H:, W’, Z’)
>restored L-R symmetry

e FiInite neutrino masses
> LFV and LFUV.

o 19 free parameters
> GUTs, leptoquarks




B-physics experiments

Belle at KEK
o Operated from 1999 to 2010

o KEKB delivered over 1 ab-1 to Belle,
mostly at the Y(4S) resonance. (771
million B meson pairs )

e Along with Babar confirmed Kobayashi
and Maskawa model of CP violation

LHCb at CERN
e B-physics since 2010
e 3fblinRun-1@ 7 & 8 TeV (2010-2012)
e 3.7fb1in Run-2 @ 13 TeV so far (2015-2018)
e Huge bb production cross section
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Lepton non-universality

o Lepton universality in the gauge sector is one of the key features of the SM.
o Decays with electrons, muon and taus should all be identical

« The only differences are are due to masses

o Easyto account forin predictions

o Discovery of lepton flavour non-universality is a key signature of New physics
e.g. Leptoquarks, W’, Z°, H*

o |dentification / reconstruction of leptons is not universal
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Muon 1dentification

o Muons are the easiest to identify

Little to no radiation (heavy)

Stable within particle detectors

No strong interactions in absorber material

o In B-factories, need p > 700 MeV/c to reach muon detectors
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Electron identification

o Electrons are light
e Final state radiation
o Bremsstrahlung in material is likely
e Measure too low momentum, Too low energy in calorimeter
e Photons can fake prompt electrons through conversions
« Bremsstrahlung recovery partial fixes this but affected by pile-up / beam background
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Tau 1dentification (reconstruction)

o lIdentification / reconstruction of T leptons is very challenging
e Short lifetime of 10-12 s
e Hadronicdecaywithm’sand1lyv
e Leptonic decay withe/pand2v

o Lack of full reconstruction implies background mimics the the signal where some
daughters are lost e.g. K., Tt0. Often difficult to constrain with “sideband” data.
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Tree: Semileptonic decays — Theory

e Inthe SM, the decay Bo->D*- |* v proceed through a tree level decay

ars™ (B — DOev,) G} Vol 1P| 4 (1 m%)z

dg? T 96m3m2 7

universal and phase space factors

i 2 3mj
Ho >+ |H_?+|Ho[?) (1+ 22 ) - .
|+ -+ o) (1455 ) + 5

hadronic effects

R(D*):BF(B"D*”) ' 0.252+0.003
BF(B->D"uv)
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Semileptonic decays — LHCb Reconstruction

e Latest LHCb measurement uses T
> T U TTH Vv decays

K+
r V " | BoDtran ()
DO

e Normalisation with hadronic B ,
decay of similar topology L»

BR(B' =D n'an n")
BR(B’ —= D u v,)

y
BR(B" —D* t'v) L,

BR(B' = D* a*a n")

R(D*) = K,,,(D*) X

Khad (D*) =
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Belle (II) Reconstruction

o Latest Belle
analyses use
semileptonic and
hadronic tagging.

e Normalisation to
semileptonic decay
modes.

¢ Based on Mmi552 and

EECL/extra
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Belle (II) Reconstruction
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Belle (II) Reconstruction

o Latest Belle
analyses use
semileptonic and
hadronic tagging.

Semi-Inclusive
hadronic ‘tagging’
side

e Normalisation to
semileptonic decay
modes.

2 5 o

¢ Based on I\/Imiss2 and

EECL/extra

Signal side
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B - DO TV

e New Rp measurements with Tt = h vfrom Belle and LHCb.

o Compatible with SM but also with other measurements.

BaBar had. tag
0.332 £0.024 £+ 0.018

Belle had. tag

0.293 +0.038 = 0.015

Belle sl.tag
0.302 £ 0.030 £ 0.011

Belle (hadronic tau)

0.270 = 0.035 = 0.0Z7

LHCb
0.336 = 0.027 = 0.030

LHCb (hadronic tau)

R(D*)

0.45

0.4

0.285 £ 0.019 = 0.029

Average
0.304 = 0.013 = 0.007

S. Fajfer et al. (2012)
0.252 + 0.003 =~

| FPCP 2017 |
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B. - J/JU Tv & Tpolarisationin B - D* TV

o First measurementin B. system -2 o above SM R(J/{) ~0.25
o First measurement of polarisation - compatible with SM P ~0.5
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B-D*1v (I=e,u) & B - uv (Light lepton LFUV tests)

First model independent |Veb|exclusive With new Belle tagged approach.

B > uvuntagged result finds 2.4 o significance, compatible with SM
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Loop: EWP decays

e |nelectroweak penguin decays there are many more tensions.

b W s
- t
AGy * o I=7 photon
Heff = NG Vin Vi Z(Q‘Oi + C;0;) :
i T | \ iI=9 vector current b_ W2
left-handed part  right-handed part ) ) t
suppressed in SM =10 axial-vector current Y, 2°
/ 4
» Wilson coefticients C; describe short distance eftects i=S, P scalar, pseudo
. b W s
e Operators O;depend on hadronic form factors scalar operators t
7/4(18) SP
B> Xy Cy { {
B- [t |- C10, CS,P
) O el B> X I |- Cz,Co, C1o
%Wb?:f:f":::“ The SM forward-backward asymmetry in b-> s [+ |- arises
~. from the interference between y and Z0 contributions.
4[m(p)]2 L. Angular analyses reveal nature of propagators.

————n
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B —> K(*) u l‘l’ B — K(*) ee Flavour Session: D. Lancierini, N.

o Consistent picture, tensions solved simultaneously by a modified
vector coupling (AC9 !=0) at>30

o Could still be hadronic effects — c anti-c loop

Re (ALAL* — AR AR=)

P =2
L: R|: L: R |: L |: R s
(482 + |A8ER) (1AL + AT + 4% 2 + |ATP)
2.0 T S L S L S S . e e -
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1.5 F o Belle (muon mode | &M
i 2_' 4
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LFUV B — K(*) u l‘l’ B N K(*) ee Flavour Session: D. Lancierini, N. Sahoo

o R(K*) directly measured by LHCb é;'“iv S
o Low g2:2.1-2.30 below SM |

Central g2:2.4-2.50 below SM of

o LFUV probed in angular analysis by n* P o i

- B DBaBar -
o L LHCD |
Belle — u (e) 2.6 (1.1) o tension to SM b A
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w5 . 4' | = D22 5.24 5.26 5.28 D22 5.24 5.26 5.28
='5‘ ) LW SN R S i — ‘ = 3_14~+1 11+¢11+J,11+11+ = §1++ ++++
8 bl it e el e R R ey e 3 o 2%—1T1 T el e T o 2_"{‘7— 1‘1‘—{—1‘-{:1“—{—*{‘“1“_{_—}—"1_
500 5000 5500 6000 5.22 554 526 5.58 , 5.02 5.54 5.56 508
m(K " ne*e™) [MeV/c?] Ve (GEVICT) e (GEVIC)

T/ THE UNIVERSITY OF
¥22 . MELBOURNE




B_TtT,B- pyu

e Bso>up5ofrom1experiment (partial Run-2)

o Most precise searches for B> T T but still far off SM level

SM predictions ee LLLL TT 5 10' =
BO (2.48+0.21)10-15 (1.06£0.09)10-10  (2.22+0.19)10-8 _§ - L LHCbH
o p— 3 L
B (8.54+0.55)10-15  (3.65+0.23)10°  (7.73+0.49)10-7 S0E T
< . —+— Data |
°§35§-""'""""‘%olai""'—; UlOz;‘—Total
$ 50 PP L E:tﬁ = - = —1 x Signal
3 25_:___ i | - Combinatorial -;:_ ‘ 10 E . BaCkground
E A R D B — h'h ‘ -
E"c:: 20 - - B, - ®(K)utv, - .
2 15F - B o 2 = I T T T T T T N
g E - A:%puvu — S
O 10 B! — Jiyn'y, = -'_‘__‘- —
5E - - -7 - Q:-‘ |
O A v e o S W 0 S 9 = ' 070170203 04 0506070809 1
5000 5200 5400 5600 5800 6000 Neural network output
T [MeV/c?]
New LHCb analysis : 3fb Runl + 1.4 fb™* Run2 BR(B > 177)<6.8x107 (95%CL)

BR(B; = u" 117 )=(3.0+£0.6"3)x107
BR(B’ > 1" u")<3.4x107"°  (95%CL)

BR(B® - 717) < 2.1x107 (95%CL)
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B KOvVv&B- K*vy

o Bestlimits on B > K() vvset by Belle semileptonic tag
BR Could be greatly enhanced in NP scenarios

« New probes of NP in isospin (first evidence) and direct CP asymmetries
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Belle II / SuperKEKB

o Super Flavour Factory at KEK (2018 first collisions)

e 40x increase in luminosity, target 8 x 1035 cm-2 s-1

o« Compared to KEKB: 20x smaller vertical beam size “World’s most complicated

superconducting magnet system” and 2x current
» Firstturnsin Feb 10,2016!5 Months operation

SuperKEKB is the intensity frontier

1036 40x higher instantaneous luminosity than KEKB *
peak luminosity 1000————————————
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Belle II Upgrades

Vertexing: new 2 layers of pixels, upgraded 4
double-sided layers of silicon strips

Tracking: drift chamber with smaller cells,
longer lever arm, faster electronics

PID: new time-of-flight (barrel) and proximity
focusing aerogel (endcap) Cherenkov detectors

EM calorimetry: upgrade of electronics and
processing with legacy CsI(Tl) crystals

K, and u: scintillators replace RPCs (endcap
and inner two layers of barrel)




Belle IT Reconstruction

e Novelssilicon—dedicated tracking. Good for D* recon. <pr-siow™> ~ 100 MeV.
o Impact parameters: oqoBelle Il ~ 0.5 x 040 Babar
o Vertex: o;Bellell~0.5x 0, Belle

e Mass: oy Bellell ~0.7 x ov Belle
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Belle IT Reconstruction

e Photon resolution and lepton ID as good as Belle even under high beam background

. K/n separatlon ~3x better in TOP/ARICH acceptance reg|on
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Belle II Collaboration

o 784 collaborators, 106 institutions, 25 countries/regions
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SuperKEKB / Belle II Luminosity projections

(ab™)

Integrated luminosity

x103°

Peak luminosity
(cm3s™)

-~ OO 0O

2

2?)17

Goal of Belle 11/SuperKEKB

4 8

X 9

S

AAAAAA :_:; 9 months/year

2018

2019

I |20 dayslrlnonth

Flavour MILESTONE
5-10 ab-1

2020 2021 2022 2023 2024 2025
Calendar Year

Phase 2:
Peak luminosity reaches
1 x 1034 cm-2s-1(Belle)
20 fb-1 for physics near Y(4S)

Feb 1, 2018: Global cosmic ray runs.

Feb 23, 2018: First HER beam. Belle Il off.
March 2, 2018: First LER beam.

April 2018: First collisions “Phase 2”

July 2018: End of commissioning run.

Phase 3:
50 ab-1 by 2025
50x Belle, 100x Babar

Early 2019: “Phase 3”
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2016 2017 PAONRS 2019

_

» Phase | (complete): Circulate both
beams, no collisions, no Belle Il.
Tune accelerator optics.

Beam studies with BEAST Il early
2016
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2016 2017 PAONRS 2019

_

T

» Phase | (complete): Circulate both
beams, no collisions, no Belle Il.
Tune accelerator optics.

Beam studies with BEAST Il early
2016

o |nstall final focusing magnet
systems (complete) late 2016
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2016 2017 2018 2019
_

T

» Phase | (complete): Circulate both
beams, no collisions, no Belle Il.
Tune accelerator optics.

Beam studies with BEAST Il early
2016

o |nstall final focusing magnet
systems (complete) late 2016

 Bellell roll-in (complete) March
2017
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2016 2017 PAONRS 2019

_

Belle Il Detector Installation

sy oy Barrel Cherenkov particle ID (TOP)
Y/ A&y installed May 2016
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2016 2017 PAONRS 2019

_

Belle Il Detector Installation

o Barrel Cherenkov particle ID (TOP)
installed May 2016

o Drift chamber (CDC) installed October
2016

SUSY 2017, B-physics & Belle Il Phillip URQUIJO



2016 2017 PAONRS 2019

_

Belle Il Detector Installation

o Barrel Cherenkov particle ID (TOP)
installed May 2016

o Drift chamber (CDC) installed October
2016

o End-cap Cherenkov particle ID (ARICH)
Integration August 2017

T
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Belle I

Hits in four outer subdetectors

Belle Il Detector Installation

2019

Barrel Cherenkov particle ID (TOP)

installed May 2016

Drift chamber (CDC) installed October

2016

End-cap Cherenkov particle ID (ARICH)

Integration August 2017

Global Cosmic Run DAQ July 2017—
Vertex detector will be integrated after

phase 2
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Dark Sectors in early data (aside: not B-physics)

e In2018 new Belle Il triggers will be used to search for
dark matter and dark photons.

- Simulated event: < 10—4
/ e'e—yA, A xX - 5

S,

. ¥
-

——

|
r
m
v

.- Belle 11 (20 fb™)
~ae\ Belle I1 (50 ab™"
-13 \at «{\'0““ ( )
10 ged® et ..-"" LDMX1@4GeV
50" LDMX2@8GeV

I' p

PR
W I Y Y N N SR s -

10-18 _"‘5"” ____________ e e
= B2TIP, to be submitted to PTEP (2017).
1 0—1 /2 S T S S W U IS S S S S S S Y S S S S S AU Y RN
107° 1072 10~ 1
m, [GeV/c’]
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Belle II: b — s Loop

o« Probe LFUV to few % accuracy each in B->K/K*/Xs L | WA (2017) 5 ab~ ! 50 ab~!
through full g2 range: better E.. resolution than LHCb Channel o(5) o(4) o(S) a(A) a(5) a(4)
, S . J/YK®  0.022 0.021 0.012 0.011 0.0052 0.0090
o« Time dependent CP-violationin B n’ Ks will reach SO 012 014 0048 0035 0020 0011
0.015 precision by 50 ab-1 — stat. limited ' K 0.06 0.04 0.032 0.020 0.015 0.008
. 0 :
TDCPV b-s tests to be dominated by Belle I witg 021 0140.08 - 0.06 - 0.024 7 0.020

K{ny 020 012 010 0.07 0.031 0.021
0.10 0.09 0.06 0.028 0.018

2.0

F

= Br(B>K* 1 1) / Br(B>K* e e)
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Belle II: b~ d Loop

Flavour Session: S. Sandilya

SM favored

b R §

helicity flip

o« m, ~4.8 GeV \

W&”‘w\vﬂ

T TTTY
- '

Events/(0.025GeV)

D
o

Belle I

SM disfavored,
enhanced with RH current

b, R

o b->d couplings not thoroughly studied yet (other than mixing)

Observables

Belle 0.71 ab™—!

Belle IT 5 ab™1

Belle IT 50 ab™1

Aoy (B — pv)
Acp(B° — pv)
Acp(BT — pT)
AAcp(B — py)
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Belle II: b - ¢ Tree

e Combination of Babar, Belle & LHCb 4 o from SM.

o Belle ll should confirm/deny this anomaly with 5 ab-!

e Tagi{Had, SL, Inclusive} x Signal{t> v v, T-> hv}~ 6 statistically independent approaches.
e B>D*TtVv:5ab!l~3% (down from about 8%)
e B>DTtv:5ab!~6% (downfrom 16%) - though Belle yet to release R(D) with SL tag.

~ 0.5
o B Belle Il Projection
o | —— Belle Combination 5 ab-l S 50 ab-l
B — Babar N 1 I I I I I I I I I % :
0.45— LHCb % B B +
B — World Combination % B Belle Il Projection g"] 200 — ‘+_+;
- . SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) o - Belle Combination LL -
| o . SM prediction: PRD85 094025 (2012), PRD87 034028 (2013) _
04— 0.5+ Scalar — 1 OOO B +
— — Vector } PRD87 034028 (2013) - — +
- = Tensor . 800 :_
0.35— B +
C 600
0.3 400 _—+
B S B
N 200
0.25— - 0
B 1 o contours 4 5 6 7 8 9 1 O 1 1 1 2
B 2 2.2
0.2 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | q (Gev /C )
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Belle II: b - ¢ Tree

e Combination of Babar, Belle & LHCb 4 o from SM.

o Belle ll should confirm/deny this anomaly with 5 ab-!

e Tagi{Had, SL, Inclusive} x Signal{t> v v, T-> hv}~ 6 statistically independent approaches.
e B>D*TtVv:5ab!l~3% (down from about 8%)
e B>DTtv:5ab!~6% (downfrom 16%) - though Belle yet to release R(D) with SL tag.

—~ 0.5
) B Belle Il Projection
o | — Belle Combination 5 ab-l S 50 ab-l
B —— Babar — 1 T T T T | T T T T "g : +
0.45— LHCb ‘ - B
| — World Combination % B Belle Il Projection G>)1 200 B +‘+—+~
B " Belle Combination n
B - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012) B . SM prediction: PRDS5 094025 (2012), PRDS? 034028 (2013) ] LL B
04+ 0.5+ Scalar — 1 OOO__
R — Vector } PRD87 034028 (2013) - = +
: — Tensor — 800 :_
035 B +
- 600
- 400"
0.3— B
- T 200
0.25— = 0
B 1 t 4 5 6 / 8 9 10 11 12
B o contours
- a2 (GeV?/c?)
0.2 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
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Improving the SM

o Ifthereisno NP isflavour physics, the unitarity triangle should be the same in all
measurements

o Comparing tree level decays and loop level decays is a way to look for inconsistencies

o Tree level: small NP effect? 07 Loop level: Large NP effect?
S S L L L L L L A e s e B L R L e e W O
i ' = C |2 Am & Am _ 3
os Y =i am, o\ BHRE 2
05 3 = 05 § sin 2B —
— © — — | © soliw/cos 2B <0 —_

— 8 ] — 3 (excl, at'CL > 0.95) ]

0.4 _—B — 04 - % —
= £ 1 1= ES -
0.3 |— — 0.3 | —
0.2 —E 0.2 E —E
0.1 —E 0.1 f -—f
0.0 o — o s — —_ - S 0.0 L] =
0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 0.4 0.2 1.
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Belle II: b - u Tree

o |Vup| should be measured to ~1-2% accuracy with L [ab1]
B->mlv(based on Belle Il full sim.) 1

e« Cando LFUV tests, e/u/T 5
o Br(B> tV)10% precision at 5 ab-1 (3% by 50 ab-1)
e Br(B-> pv)discovered by 5-6 ab-1 50

Belle Il MC x10° Belle Il MC x10° Belle Il MC
IIII|IIII|III|_ _II|III|III|IIIIIIIIIIII|III|III|II _|IIII|IIII IIII|IIII_
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L |E3 Xylnu bkg ~ [ Xylnu bkg
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Flavour Session: M. Nayak

o Vub [%]
tagged 6.2
untagged 3.6
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untagged 2.1
leptonic 5
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untagged 1.3
leptonic 1.5-2
st | | Belle 11 MC
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UT Precision @3/ vy : LHCb Run 1+2

o If D0and anti-D0 decay to the same final state,
both diagrams contribute to the observed rate

o The subsequent interference allows to determine
the relative phase between these diagrams

Ut

(7

il

5+Y,Y=Arg(VudV*ub/VedV*cb)

S
oo

CKMFitter

Y — 6533 +0.96 5 540
—_—

1-CL
1-CL

y []
30% improvement since 2016

SUSY 2017, B-physics & Belle Il
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CKM Global Fit Projection: Belle II + LHCb upgrade
0.7:é IIIAm&AImIIE 0.755--|---!---|-A-m;&| | | g
0.6 f—;/)\ 2016 P Am, : ° € = ®3; ~ 1-1.5° at 0.6 :_% =
o5 £ sin2y, i LHCb & Bellell s -
o  LHCbUpg.+ |
New phySICS N MIXING Belle I o
A 1Ba(0) \ _ (ppa_ e ( |Ba(D) i &
Fl By (1)) ) = (M7= 5r)( By (1)) ) El
Mis = MM x (1 + he*)
v N : , By ~2026,
o = arg(Ci;\ij) he 1.5 ‘Cjﬂ" (47T)2 ~ ‘Cjﬂ"Q (4'5 Tev) A~20TeV (tree)
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summary

« Anomalous behaviour in semileptonic B decays observed by multiple experiments -
violations of lepton flavour universality

« We have to be cautious: e are difficult to reconstruct at LHC, Tt are easily mimicked in all
experiments.

e« LHCb and Belle Il are focusing on improved LFUV tests
e More LHCb Run-2 results due soon
o SuperKEKB [ Belle Il will commence collisions in April 2018

< D
€/ D Bellell news broadcasts

Belle IT

https://www.facebook.com/belle2collab
https://twitter.com/belle2collab
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Construction timeline

Calendar year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown| Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 20[18 (power saving)
/ (end Feb. — mid Jul. 2018) w/ full Belle Il
phase 1 wg Belle | phase 2 (MR) phase 3
- - - - -
w/ QCS
MR renovation for phase 2, including w/ Belle lf {no VXD)
MR startup installation of QCS and Belle Il Tég iiﬁ VXD installation
-
phase 3 operation
DR installation & startup DR commissioning 9 months / year

/
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