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Fundamental Particles
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Quark Mass Hierarchy
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Heavy Flavour Physms B Physics

e

= Bound states of b and light quarks
mesons : B, B0 BO

f—— P_\O

baryons : Ay, =, , =5}

= Heaviest stable bound states in QCD (>5.2GeV)

= Rich spectrum, many decay channels

= [Important source of information about CP violation,

CKM parameters and new physics
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(Super) Flavor Factories

—==

Integrated luminosi of B factories

Experiments providing most of )
analyses today 1200,

(D 1000 |-

> 1 ab™*
On resonance :
Y (5S): 121 fb !
Y (4S): 711 b !
Y(3S): 3fb !
Y(2S): 25 fb !
Y(1S): 6 fb !
Off reson./scan:

[—xexs

~100 fb !
600
~ 550 fb™ !
400 + On resonance:
+ Y (4S): 433 b
+ .
3.1GeVe 3.5GeVe AT

Off resonance:
o P | | | ~ 54 fb!
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

107 events, leading to Nobel Prize in 2008

9 GeV e 8 GeV e~

Ongoing Experiments .
10 events, what will happen?

LI‘{CQ SuperKEKB luminosity projection

40% We will reach 50 ab™! H
30 in 2021

Intograted luminosity

Planned facilities vol I 7 e
4 d 20 days/month
s OF— PP BN DS J Wi M N
10 '.Z_ Commissioning starts
L in early 2015.
¢ Shutdown
= P for upgrade

Poak luminosity
iy
-
T

E%lﬂ 2012 014 Z016 FLRE 2020 2022
Year

Experimental prospect Is very promising!
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C:Matter-AntiMatter

positive charge negative charge
electron

positron
One needs C and CP violation

in PP.
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B8 CP Asymmetry in Hadron System

= |n Kaon system, the CP asymmetry (CPA)MW
roughly 0.2%

* In D decays, CPA at 1% is often argued to be New

ONhysICS.

= Direct CPA In B decays:

A, (B2K ' )=(-8.2£0.6)%; A (B>mrm) = (31£5)%
" In B decays, sin(2f3) =6 /7.2% Large mixing CPA
B physics=>» Ideal Platform to study CPA
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Why HFP?

In the past decades, particle physics
goes 1nto two directions:

A=z

high energy + high precision
» High Energy: LEP, Tevatron, LHC,
New particles: W, Z, top, Higgs, --

» High Precision: B factories
, BES, LHCb, Belle—11,

New phenomena

ﬁ



Why HFP? | B=2K'*I:Indirect Search for NP
\_I—LSJLJ—

« Within the SM, these processes proceed via loop diagrams like

By

F Nopi

154

o
Higgs box x o+ Chargino loop
10
. L AGE
s Effective Hamiltonian: Hepr = ——— th @
i—1

Wilson coeffs. Operators
(short-dist. interactions) (long- dlst interactions)

Gluino loop




Why HFP: Forward-backwaro asymmet%

Yass—»

@ 0;: angle of emission between K*°
and p~ in di-lepton rest frame

@ Ok~ angle of emission between K*0
and K~ in di-meson rest frame.

@ ¢: angle between the two planes
@ g2: dilepton invariant mass square

Pr(q®) — Ps(q?)
Pe(q?) + Pa(q?)
A.Ali, et. al, hep-ph/9910221
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LHCb: 1512.04442 (3fb")
ABSZ: 1503.05534

e
N

Forward-Backward Asymmetry
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squared dimuon mass (GeVz)
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AFanl ]
= 2F < Form-factor independent observables P} = 5
. LHCb - Fp,(1-Fp)
1I:—- 8 SM from DHMV
- ] LHCb: 1512.04442
O i_._ ] DHMV:1407.8526
R e
of =
o s o s

q* [GeV?/c4]

In PP, 5o deviation 1s a sign for an important discovery.
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Why HFP: Anomalies in B decays

B->D ’ 1v, b->spup

G. Ciezarek, et.al, Nature 546, 227 (2017)

a.‘ v F T T T 3 -o-LHCb -m-BaBar -a—Belle
2 — - ™ 2 r T T T T ]
C LHCb ] &~ - LHCb 1
1 )—/\ SM from DHMV ] 15F i ]
C —— ; ] - [ SM
\__/ t —— E ]
F E 05f- ]
-2 o =] 0 L ! 1 1 !
c— ———— L 0 5 10 15 20
0 5 10 15 * PRL 113 (2014) 151601 2 [GCVZ/CA]
2 [GeV?/cH] « PRD 86 (2012) 032012 q
* PRL 103 (2009) 171801
g 03 BaBar, PRLI09,101802(2012) | 2 !
e ' ——— Belle, PRD92,072014(2015) Ay = 1.0 contours
45 LHCb, PRL115,111803(2015) === SM Predictions 3
Relle, PRD94,072007(2016) R(D)=0.300(8) HPQCD (2015) ]
[ Belle, arXiv:1608.06391 R(D)}=0.299(1 1) ENALMILC (2015) ] LHCb Preliminary low-g? central-qg?
0.4 I Average R(D*)=0252(3) 8. Fajfer et al. 2012) —
c ] R0 0.660 * 0410 +0.024 | 0.685 * 3443 +£0.047
035F 95% CL [0.517-0.891] [0.530-0.935]
o 99.7% CL [0.454-1.042 ] [0.462-1.100]
03F
025F =
= Summer 2016 N
o . , , POC) = 0%
0. : .
2 03 04 05 LHCb arXiv: 1705. 05802

In

PP,

0.6
R(D)

bc deviation 1s a sign for an important discovery.
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e

= QCD Radiative corrections as/m ~ 10% — (as/m)° ~ 1%

. , A/my ~ 20% — (A/mp)* ~ 4%
= High Power corrections fms o (/) O

= Mismatch between theory and data
FK*/mK* ~ 6% — (FK*/mK*)2 ~ 1%

1. Chiral Dynamics and S-wave Contributions in Semileptonic B decays
Michael Déring (Bonn U. & Bonn U., HISKP), UIf-G. Meil3ner (JCHP, Julich & IAS, Julich &
EEITNYA & Bonn U., HISKP), Wei Wang (Bonn U. & Bonn U., HISKP). Jul 3, 2013. 34 pp.
Published in JHEP 1310 (2013) 011
DOI: 10.1007/JHEP10(2013)011
e-Print: arXiv:1307.0947 [hep-ph] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Detailed record - Cited by 43 records
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Why HFP: Finite Width Problem

K* (50 MeV): B>K*I*lI-is a four-body process.

Experimental cuts by LHCDb: L HCb-CONF-2015-002

My —0 <M, <My +0  On=100MeV

(mice+6m)* 9 2 \2

M= _6111)2

L denotes the distribution function of K1t system from K*
Narrow width limit (theoretical results):

2
dmie.|Lic+(my,)|* = B(K*" — K’n%) = =
K K 3

18
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Why HFP: Finite Width Problem
Experimental cuts by LHCDb:

My, =0, <My <Ny, +0, 8, = 100MeV

We expect the S-wave: Doring, Meissner, WW, 1307.0947

(mK‘ '|"‘5m)2
/( dm|Ls(m)|? = 0.17

mxt—ém)2

It is mandatory to include the S-wave: B - (km)glt1-

19




Why HFP: Finite Width Problem

e

x PT effective field theory based on the two assumptions

e 7's are the Goldstone boson of SU(3), ® SU(3)r — SU(3)y

e (chiral) power counting i.e. the theory has a small expansion parameter: p? / Ax S
Aysp ~ 4mF, ~ 1.2 GeV

7—lv, a7—7w, K—m.. K—m..

Las—o = LAs_g+Las—ot - =—(D UD'U' +xU" + Ux )+ZLO +...
Fantastic chiral prediction A, ~ (8 — ?r) / F.2 Weinberg, Colangelo et al

Las—1=Lag_+LAg_ 1+ - = GsF* (\eD, U D*U) + G,;F?ZN,Wz +--
\—\,_/
K—27 /3w

Kt—oatyy K—-=ltil™

/\ ChiPT limited to low energies
20




Unitarized Approach

w \/ W

Ve

Summmg all order contnbutlons:

v

V+ VGV +VGVGV + ... “1_av

1-GV=0 < —>

§=$,)

Above Threshold: pole corresponds to resonance
- Hadron Molecule
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B el
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Scalar form factors in xPT

e —Mal

--------------

mz_ (GeV?)

twice-subtracted Omnes
solution matched onto xPT

Imaginary part

Real part
Magnitude
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501 AEaall
0.12}
0.10}

2.0}
0.08} m

1.0} 0.06| e
0.04f

0.5} _

===~ 0.02}
R B e e T3 35%

Decay widths:
Red: total
Black: P-wave
Blue:S-wave

¢*  [GeV?] (b)

S-wave fraction

M.Déring,U.G.MeiBner, WW, 1307.0947

Fs = 0.101 + 0.017 + 0.009

LHCD:1606.04731
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Scalar form factors in xPT
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We have only started to study the heavy flavour
physics-and we need to look from every angle -
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Weak decays of doubly heavy baryons

u > > u
C > > C Ai_
E;’;}“‘ Cg} N
7T
< i
C > > S}K
W

1. Observation of the doubly charmed baryon =}

LHCb Collaboration (Roel Aaij (CERN) et al.). Jul 5, 2017. 19 pp.
LHCB-PAPER-2017-018, CERN-EP-2017-156
e-Print: arXiv:1707.01621 [hep-ex] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
CERN Document Server; ADS Abstract Service; Link to conference slides; Interactions.org article
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Connections with HFP theory Group

e N

Institut fur Theoretische Teilchenphysik
Prof. Dr. Ulrich Nierste Prof. Dr. Matthias Steinhauser Robert Ziegler

|

Institut fiur Kernphysik
Prof. Dr. Monika Blanke Dr. Teppei Kitahara




Conclusion
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»Heavy Flavour Physics
»Finite Width Problem in B decays

»Weak decays of Doubly heavy baryons

»Possible connections with HFP Group at KIT

Thank you very much for your attention

Vielen Dank! .
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Experimental Prospect

e N

Expected data sample @ full luminosity "°F
. F Goal of Belle I1/SuperKEKB
Channel Belle BaBar  Belle II (per year)* £~ j:_ ya
BB 77x10° 4.8 x 10° 1.1 x 1010 FEI: S~
Belle-|| BYBY | 10x105 - 6.0 x 108 £ oo Vet
T(15) |1.0x108 1.8 x 101 e . 20 soyamontn
T(28) | 1.7x10% 0.9x 107 7.0 x 10%° x10%% g
T(3S) |1.0x107 1.0x 108 3.7 x 1010 ~ °F
T(S) |36x107 - 3.0 x 10° £t .
T ]'0 x 109 06 x 109 ]'0 x 1010 § 2%;7 20I1§ 20‘19 20120 20I21 2022 20I23 2024 2025
* assuming 100% running at each energy Calendar Year

l We are here/Jsme zde
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HCh -m-

Install Phase | Potential Phase Ib Phase Il Upgrade
upgrade upgrade projects in
preparation for Phase Il

Cssss—————) 2z EEEESEEEEEEEEEEssess)  EEEEs———)

L =4x%x1032cm2s? L =2x103cm2s1 L =2x103cm™2s71
1.1 visible interactions 5.5 visible interactions 55 visible interactions
/ crossing / crossing / crossing

8 fb~1 collected 50 fb2 collected 300 fb~* collected




