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Topics at parallel sessions of the
experimental flavour physics

 CP violation, Rare B decays

» Belle, Belle I, BABAR, LHCb
« Dark photon from BABAR
 LFV Higgs signatures from CMS
 LFV

« MEG/Mu3e, COMET/muZ2e
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CP Violation (sin2 from B —J/WK')

Belle[Prafulla]
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Overpowering evidence for CP violation (matter-antimatter asymmetries).

>>>> The phase of V_, is in good agreement with Standard Model

cxpcctations

Dr. Prafulla Kumar Behera, IIT Madras gth June 2015

LHCDb[Suvayu]

Signal yield asymmetry
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* First quantitative test of the Standard I\3/Iode| for CPV

B° — J/YKs

S =0.731+£0.035+0.020
C =-0.038+0.032+0.005
LHCB-PAPER-2015-004

 LHCb updated
the result which is
consistent with It




4 - .
CP violation in B D_(" h°

N TR Belle[Prafulla]

sin(2¢,) = 0.66 * 0.10 * 0.06

The measurement is

consistent with

| measurement from JyK°

arXiv:1505.04147
Submitted to PRL
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Dr. Prafulla Kumar Behera, IIT Madras 9% June 2015 /
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* First combined results from Belle and BABAR, ~1.1ab

* First observation of the CPV for this mode




CPV In Bs— J/OKK, J/P1irt

CP-violating phase ¢s LHCb[Suvayu]

Status of (P Violation in the Flavour Sector

L— @ violation in interference: sin(2f), s
@s: Bs — J/UKK, J/Ymm - results

68% CL contours |
(Alog L =1.15) |
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Decay time [ps]

LHCb
PRL 114 (2015) 041801  PRD 90 (2014) 052007  CMS-PAS-BPH-13-012

s (rad) -0.058+0.049+0.006 0.12£0.25+0.05 -0.03+0.11+0.03
Al (ps™) 0.0805+£0.0091+0.0032  0.053+£0.021+0.010 0.096+0.01410.007
s (ps™") 0.6603£0.0027+0.0015  0.677+0.007+0.004 -

Bs — J/UKK, J/Ymr combined: @5 = -0.010+0.039 (LHCb)
Combined ¢s = -0.015£0.035 (HFAG)

« LHCDb, ATLAS, and CMS are contributing. In good agreement with the SM
D



Combining y measurements

Combining y measurements LHCb[Suvayu]
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» LHCB-CONF-2014-004

» x? combination of experimental inputs

» 1/fb & 3/fb: B* — DK* (ADS, GLW, GGSZ, GLS)
» 1/fb: B — DK

» v = (7317,)°: ~30% improvement over the past!




Overview[Tatsuya]

 Most recent unitarity triangle fit
globally speaking, consistent with the SM picture
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* Process with third gcncration quarks and lcptons

+
T
< New physics could changc:
// Vv
// e Branching fraction
wWH"' ..
// * Tau polarization
b ~ ¢ = ¢ * Effect could be different
o D or D and D*

" . . q or D an

3 (leptonic tau decay) undetected neutrinos

R B(B — D77 1,)

B B(B— D*r i7,)
B(B — D(— i) -

B(B — D*(~ i)

-

- =e orp
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Lepton Universality
(B—=D(*)tv)

Ratio affected by charged Higgs

Belle[Prafulla]

LHCDb[Jose Angel]

Result

Dr. Prafulla Kumar Behera, IIT Madras 9" June 2015 J
o o7f-| R =0.375:008(stat.) + 0.026(syst.) SM
- : Al . >+ 003 +0.039 (o4 ) 4 (s m BaBar
» Belle result consistent with SM within 20 oof oo ) 2] | o e
- Correlation of stat. uncertainties: -0.56
05F =777 TN Teesal L
* Consistent with LHCb new result - 4
0.4},
* R(D*)=0.336+0.027+0.03 "k |
0.2} :
 Cf. Belle result is COhSiSteI‘E( with 2HDM SM: ;.{%229572::%001073 ....................... |
of type Il at tanB/my,=0.5¢ /GeV e

Dr. Prafulla Kumar Behera, II'T Madras

gth June 2015




Rev. Lett 113 (2014) 151601

Phys.

LHCb[Jose Angel]
Lepton Universality B*—K*I*1-

LHCb -

BT 9 u"u K7

T T
b

N - — — ™ (‘ll'i';';(‘l'
[ + + ] 1 72+20 candidates

20 ' B Comb. background -

Part. reco.

L

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

g

- Full fit 7
B Comb. background -

-

Candidates / ( 40 MeV/c?)

Candidates / ( 12.5 MeV/c?)

5400

2

m Systematic dominated for the iny mass parameterization and trigger efficiencies

q-in [1,6] GeV=/c’ --LHCb -m-BaBar -—a-Belle
Ry = 0.74510:99 (stat) £ 0.036(syst).

& Consistent with SM at 2.6 ¢

& 4 Z with different coupling with e and u?

—

(LHCb - PRL 113, 151601)

= Branching Ratio of B*=K"e"e- ! . " o1es os2012) ]
o ‘BaBar - PRD 86 (2012) 032012 4

[1.56215 (stat) Zo4 (syst)] x 1077 T
g2 [GeV?¥c#]

= Consistent with SM predictions!

[.LHCb (|' I 1_!»] GeV4/c?



LHCb[Jose Angel]

Angular Analysis B—>K*u -

@ Angular Analysis B>K*pu

SM: JHEP 08 (2013) 131

= Forward backward muon asymmetry, SM q? ~4 GeV?/c*

= Full angular distribution, observables sensible to C()7, C)y, C®)1g and form factors.

1 C+T)| 9 s . 2 2
d(I" + f)/dq2 d0 p T 327 [4(1 — Fp)ein" 0 + F, cos" O

+1(1 — F) sin® Ok cos 26,

—F}, cos® B cos 26, + S3sin? O sin® 6; cos 2¢

+5; 8in 20 sin 26, cos ¢ + Sy sin 20 sin 6, cos ¢

+ %Apg sin® Oy cos B + Sy sin 20 sin 6, sin ¢

45 sin 20 sin 26, sin ¢ + Sy sin® O sin® 6; sin 2¢] .

‘)

= Depends on Fr, Arg, Si, observables, that are sensible to C("7, Cy, C);9 and form
factors.

1 5-00

20)

= Additional “optimized” observables, with cancellation of leading form-factor
uncertainties

PI = S5
\ > \/FL(l—FL)

JHEP 01 (2013) 048

LHCB-CONF-




+ - LHCb[Jose Angel
Angular Analysis B2 K*u p [Jose Angel]

LHCb
preliminary

B SM from ABSZ -

LHCb
preliminary

B SM from ABSZ |

5
q? [GeV?/ c4]

* Zero-crossing point Of Arp 1N || ————————
agreement with SM : LHCb

preliminary

SM from DHMV ]

e 2 bins with 2.90

* naive local significance 3.70

L 1I5 L L L
1 g [GeV?/c4]




LHCb[Jose Angel]

Branching ratio and Angular Analysis Bs— ¢(K'K") u™

9 Branching ratio and angular analysis

® Similar to B—>K*p -, but production suppressed and not flavour
specific final state

an
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132424 candidates SM: arXiv:1503.05534. arXiv:1411.3161

. dB(B{ =>¢uu)idg’ [10°GeV7c*]

& Mmost Pl'CCiSC measurement

LHCb -
Preliminary - & 3 ¢ tension 1in 1<q-<6 GeV~-/c-

B(B]— ¢upu”)
B(B)— Jj¢)
B(B!— ¢u*p™) = (7.971335 £ 0.18 £ 0.23 £+ 0.60) x 1077 |

= (7.40%045 £ 0.16 £ 0.21) x 107,

Events / 10 MeV/c¢?

5400 5500
& mK'Ku'w)[MeVic?




Bs)— MM (very rare decay) ' ro>° An9el

9 Combined LHCb and CMS search

= simultaneous analysis, shared signal and nuisance parameters
CMS and LHCb (LHC run 1)

- T T T T
—4— Data
- Signal and background
Bt
B~ ptu”
- « = Combinatorial bkg.
Semileptonic bkg.
- = Peaking bkg.
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Nature 55

& B,—pup first observation (6.2 6 ) and B—pp with 36 significance!

arXxiv:1411.4413,

& |n agreement with SM!, stringent constraint for BSM!




LHCb[Jose Angel]

m likelihood scan
CMSandLHCb(LHCrunl) ___
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® Determination of the BR ratio

T : T ] |
CMS and LHCh (HCrn) SM ratio prediction pry 112 (2014) 101501

0.029 5+0.0028 0.0025 |

® Measured for first time

SM and MFV

Nature 55

__ B(B%—up) __ +0.08
R = g@ionm = 0-1420.06

arxav:1411.4413.
DOl s ol i

= Compatible ith SMat23c

N
LU




CKM elements from semileptonic decays: [Vub|

» Constrains apex of the triangle LHCb[SuvayU]

» Measured from decays with b — ulv transitions

» Current status: inconsistent
Vb
exclusive (B — mlv) (3.28+0.29) x 107°
inclusive (all b — ulv) (4.41£0.15) x 107°

» Use baryonic decays at LHCb

Form factor ratio

from Lattice QCD
2 0 _

V| B(A, — puv)

= 0 AT o RFF
Voo|? B(A) = Al p=D)

Using |V | from world avg:
Vub| = (3.27+0.15£0.17+0.06) x 107

Inclusive

 LHCb confirms the existing

——————— PDG 2014

incompatibility With thOSG USing g;(c—l)l;tsll\\;)e . a{’éﬁéﬁ?ﬁ&%}f
an inclusive sample of final T AL
states by using a baryonic decay EBEEH w01

0.003 0.0035 0.004 0.0045 0.005
15 IV, |



Belle Il [Martin]

Prospects of B Physics

Why Belle lI? gyt plenty of stuff still improvable...

Issues, that could still be addressed by a flavour factory:

Baryon asymmetry in cosmolgy « nature of XYZ-states:
— New Sources of CPV in quarks/charged leptons

quark and lepton flavour & mass hierarchy * decay Structur:e(sj (lnt.errtr.ledlate
— higher symmetry, massive new particles, resonances, hadronisation,...)
extended gauge sector & excited states

19 free parameters :
— Extensions of SM might relate some (GUTS)

Dark Matter, strong CP problem,... Better handling of difficult to
— hidden dark sector, axions,... calculate QCD.

finite neutrino masses, maybe SeeSaw
— |lepton flavour violation (tau

4
Indirect searches for new physics



The Detector Belle |l [Martin]

Targeted improvements: Col(TD EM calorimeter: | _ O S

] L. waveform sampling L > scintillator + Si-PM
- Increase hernuncuy. electronics for end-caps

. vo U ofrioncvy
- Increase K efficiency.

- Improve IP and

secondary vertex

, 4 layers DS Si Vertex
resolution. e intat

2 layers PXD (DEPFET),
Improve K/ 4 layers DSSD

separation.
Improve ©° efficiency.

- Add PID in endcaps.

Central Drift Chamber: W Time-of-Propagation counter
- 3 ) smaller cell size, : (barrel),
- Add H ID in endc aps. long lever arm prox. focusing Aerogel RICH

- Higher low momentum . (forward) 5

effieciency tracking

+ Higher luminosity Plans, Plans, Plans
(8)(1 0 Cm S ) AJFYZO'IO :.IFYZOH _JF72012 _JFY2013 AJFYZOH vJFYZOIS :JFYZOIG JEY2017

KEKB
operation

* |Improvement of | Dismantie KEKB )
reconstruction, analysis First roll-in without

silicon detectors;
physics program for
data taken in that

¢ non-B measurement in SuperKEKB i'r"‘sgsetig’a‘t'igf‘?’

2017, Silicon roll-in in el

A
2018 Silicon roll-in in
: 2018;

technique

For about 10 years

17




What Can We : BT ] Belle Il [Martin]

CuRsNdanane CL » 008

Global Fit | LHCB Belle ! | LHCb Upgrade | Theory

CKMfitter %Run-) 50ab? |50fb°

,thl inclusive '.
Ivtb, exclusive |~
IVWI inclusive

,le exclusive

1 lnuu,l

Better determination
of CKM matrices

1 ||1uu!

1l lllll‘

CLEO
BaBar
Belle
Belle Il

111 uu‘

Plenty of T, too
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We will have lots of tau-leptons!



LHCb & Belle Il

Integrated Luminosity

~ Bellell Projection (May 2015)

»- LHCb [fb]
~o— Belle (Il) [ab™)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

» Belle Il will have larger dataset
eventually:

Belle I 50 ab™
LHCb 50 fb™!

*LHCb-PAPER-2015-017

LHCDb[Suvayu]

Complement each other

Modes with y in the final state:
B* — [Dy]o-K*

» Easier at Belle ll/e*e” colliders

Time dependent Bs decays and
baryonic decays

» Only feasible at LHCb

LHCDb already exploring extensions
to well established techniques

» quasi-GLW/GLS: D — nKn®,
D — hhn’ (h € {K,m})

» CKM angle y (¢;) from
B* — D°K*, B® — D°Kn°




LFV Decays of the Higgs Boson (H—tp) CMS[Colin]
@INOTRE DAME 7 T ~

Branching Ratio Limit
Weighted M__, Distributions janchiogRatiolimits

Combined channels and categories bins weighted by
significance (S/(S+B))

CMS preliminary 197" (5 « 8 Tev CMS preliminary 19.71b". Vs = 8 TeV

Expected (%) Observed (%) Best Fit (%)

I <0.75(20.38) <157  0.84'40

Combined excess is 2.4 standard deviations
which corresponds to local p-value of 0.007 at
M,=125 GeV
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* First direct, dedicated search
for LFV Higgs @ 125GeV
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S/(S+B) Weighted Events / 20 GeV

e Slight excess with 2.40
Bkg. Subtracted

200 300

o M) GV collinear M(ut) [GeV] [RAELEILTINES gpproxi_mately an order
of magnitude higher than
previous limits

e CMS Run 1 paper on H—et1 and H—eu will be submitted in a few weeks

 ATLAS will have results on LFV Higgs search for the summer conferences
20



Dark photon search by BABAR

Dark photon Impact: BABAR[Jacques]

update at CHARM2015/FPCP (courtesy B. Echenard)

BESII

PRELIMINARY

,, 10
m,. [GeV/cT]

 Gauge boson of new U(1)’, A’ with MeV-GeV mass
A’ couples to dark sector particles

. BABAR all inclusive searchine'e — VA’ in;proved the constraints by an

order of magnitude in the 0.2<mx<10GeVc
21



Lepton Flavour Violation of Charged Leptons (cLFV)

E Lepton flavour is preserved into the SM (““accidental” symmetry)

® not related to the theory gauge M EG [Angela]

® naturally violated in SM extentions

LFV of neutral leptons
confirmed
-neutrino oscillations-




Lepton Flavour Violation of Charged Leptons (cLFV)

° Lepton flavour is preserved into the SM (“accidental” symmetry)

® not related to the theory gauge M EG [Angela]

® naturally violated in SM extentions

LFV of neutral leptons
confirmed
-neutrino oscillations-
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Year MEG (2009-2011)

B(w™ — e" vy) <5.7x1013

* Final result of MEG (2009-201 3,2 3double statistics) will come soon




Next muon LFV

After the MEG, there is no ongoing experiment which searches for muon lepton flavour violation

* Next plans : MEG Il, mu3e at PSI, COMET at J-PARC, and Mu2e at FNAL

uN — eN and g — ey COMET/mu2e
[Phillip]

1 1 _ K _ _
Cue~ 37 [ g o P+ e G|

New physics — CLFV in rare muon decays. U_’3e and u—ey

Energy scale /A affects the
rate of all such processes.

Parameter k depends on the ,_
nature of the new physics - " COMET / Mu2e

(uN == eN on Al) < 10°16

11°  Project X/ PRISM
Rate~ —2 UN —+ eN concept < 10°'%
A

-

BOth u - e}‘ and u - COI'IVGI Sion EQ_ (4N - eN on Al) <10
<

are sensitive to dipole terms, but

U -e conv. is also sensitive to "MEG Upgra
4-femion terms. MEG 2011: (/( SINDRUM Il Excluded

ax10M (uN == eN on Au)
* More sensitive to some models.

<7.0x10V
» (If signal seen) the comparison
allows discrimination between models 1o:




Kept the key elements
Upgraded MEG Il [Angela] A

M :G Fast 1. World’s most intense
read-out 74107 Muon/s DC muon beam @ PS|
DC 2. Innovative LXe y-ray
detector
3. Gradient B-field e*-
spectrometer
4. Thousends virtual
oscilloscopes (DAQ)
5. Sophisticated

S N “l,)‘
. ) 1} .'\-" e \ % 4 /;',:,':
MPPC in VUV COBRA positron speyf

S
o Where we will be

« MEG Il : one order of magnitude better
sensitivity than MEG

* In 2016, engineering run and physics run

29




Mu3e [Angela]

Mu3e staging approach

e Phase IA 201x (piE5 beam line: O(107) mu/s) ; \
——  Mu3e (90% CL)
e Phase IB 201x+1 (piE5 beam line: O(108) mu/s) St ese ..

e Phase Il 201x+2 (new beam line: O(10°) mu/s) / /

O 100 /0 100 200 3006 100 200 30 40
running doys

Feasibility study of a High Intensity Muon
Beam (HIMB) line.

Aim: O(107°) mu/s)

HIMB@SINQ Solenoidal channel |

ABS .
THOO =m0 apis




MEG/Mu3e [Angela]
The compact muon beam line (CMBL)

e The MEGII and the phase IA and IB of Mu3e have similar beam requirements
O(108) mu/s, 28 MeV/c

e the CMBL allows both experiments to co-exist

¢ MEG Beam Transport System

R i . : . : ’
" ", L3 A ,'.'., 9 . , ‘." p. \2
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COMET/mu2e [Phillip]

S-shape and off-centre collimators that can rotate for BG studies
Stopping target is 17 x 0.2mm Al foils

Target & detector surrounded by solenoid »
— Electron transport ' '
-~ Magnetic mirror

-

Electrons spiral from target to and EM calorimeter

28



Transport Solenoid Ozl [Pillip]

4 Corrective dipoles

v Completed 90° muon
transport arc (including
' octagonal return yoke)



Timelines

You are here@
2013 2014 2915 2016 2017 2018 2019 2020 2021

COMET Construé':tion 1)

Phase-l

S 2] Construction D

Phase-ll

Mu2e ~ Construction |

2014: 7 x 10713 90% U.L. [ SINDRUM-II ] (since 2004)

~2017: 3 x 10~1> S.E.S. [ COMET Phase-I ] (~ 6mo)
~2021: 3 x 10717 S.E.S. [ COMET Phase-Il & Mu2e ]

beyond 2021: PRISIM /PRIME @J-PARC? [Goal 3 x 10719]
Mu2e x ProjectX @FNAL?




Summary

* Results of CP violation, unitarity triangle fit are consistent with
the SM

e Hints for new physics?

 Lepton universality, Angular Analysis B—=K*u"p’, branching
ratio of Bs— (K'K)u*y’, Br(B°—=pp), [Vub|, H—Tp, etc...

e More data from LHCDb, Belle II, ATLAS/CMS will be available
soon.

* Lepton flavour violation experiment will be available soon.
MEGII, Mu3e, COMET, and mu2e. The MEG final result will come

this year.

31
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Belle Il

Belle, B — ' KO, JHEP 1410, 165 (2014)
Belle, B — w Ks0, PRD 90 012002 (2014)

Integrated Luminosity [ab™]

Observables

Belle or LHCh
(2014)

Belle II LHCb

5ab~! 50ab~! 8fh~1(2018) 50 fb~!

Gluonic penguins S(B — 6K
(8 — 1/ K%)

-BEE(BS =¥ ‘[b"}b} [I‘&d]
B8 (B, — K*K*0) [rad]

Q.00
0.68 & 0.07 + 0.03
0.30 & 0.32 + 0.08

+0.18
+0.19

0.053  0.018 0.2 0.04
0.028  0.011
0.100  0.033

Direct CP in hadronic Decays A(B — K"z")

—0.05=0.14 = 0.05

These
analyses are
currently
totally
dominated by
the statistical
uncertainty!




Belle Il

Acp in hadronic modes cannot be
understood w/out full isospin
analysis.

Need neutral modes.

Tgr - B(Bn — K+?T“)
= Ag;“" .B(B° —» Ktn™) + Aﬁ;’;”" -B(B* — K%%™)

TRgo

Belle 11

Belle, PRD 87 031103 (2013) |
Private Scan (ignore correlations) |

ﬂjjﬂl

T+
— 245" B(B® — K%") + 2455 . B(B* = K% 22
T+

AKDTTU

Value Stat. (Red., Irred.)
3elle 0.14 0.13 (0.06,0.02) 0.27 +0.14
Jelle + B — K%70 at Belle IT 5 ab~! 0.05 (0.02,0.02) 0.27 £0.07
3elle I1 50 ab™! 0.01 (0.01,0.02) 0.27 +£0.03

Explore this for 7K™, pK, pK™!

yeenario Ty x
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LHCb & Belle Il in the context of y (¢s)

IIllllI'ITlITIIIII'IIl'III'IlI'III
Belle Il . Projection (May 2015) |

—_
N
|

—e— [LHCb (B - DK

S —&— Belle (II) (B — DK only) .

-y
o
1 LI

0, [deg] Uncertainty

_\\ Private comm:

| left + LHCh-PUB-20

- LHCb : ; :

— @ Belle (I) 70% data Y(a8) =

_ —e Belle (Il) all data Y(4S) ' : :

P PP T S P T P P

2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

2015

Table: LHCb precision on y(¢5)

Belle 11: considering only
year 2012 2018 2022 2028 2035 B — DK decays
v() 7 4 13 09 06

> see also: talk by Greig Cowan @
HL-LHC

» LHCb upgrade before Run Il (2020-22)
» 2028+: HL-LHC




Before the parallel session,

valatstuvaiNakaca
yalatstyd

OVERVIEWALAIK
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Very Brief Look for Future

e Important to realise that flavour physics can be done
at “small” laboratories 1n “small” countries.

| PSI in CH as an example (K. Kirch) |

The most powerful
proton beam to targets:

- /d =] The highest intensity

"’“—l‘-"—

500 MeV x 2.4 mA = 1.4 MW |

Feasibility study for
' Hl muon beam with
| 10"%*/s below 30 MeV/c

£ MuLanIMUCap—

/."_ nHe = ——
ppLpp/ uH‘é’t:ﬂnbshlft

MEG\ MEG-II, Mu3e

_| pion and muon beams, e.g.,

The new ultracold
neutron source,

for 1000 UCN cm3

ramping up, designed

up to a few 108“*/8 at 28 MeV/c

43@ &\_49 *Lﬁ
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OVERVIEWALI KLY
To conclude ratsuyaiNakada

e The Standard Model will remain as a theory hard to
crack. Although we know that there 1s physics
beyond the Standard Model, we have little idea what
it 1s.

e Without this, there 1s no success guaranteed research
programme (B factories and LHC had the Standard
Model). We need to look for everywhere. But

resources are limited and making choices are being
asked.

I personally believe studies of rare phenomena and
precision measurements have a big potential, but on
hadron, leptons, gauge boson, Higgs or all of them?

Flavour Physics WIN2015, 8-13 June 2015, Heidelberg, Germany T.NAKADA 74/75




