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Spectroscopy
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B  J/yfK: invariant mass fit 

Unbinned maximum likelihood fit 
Central value and width of the Breit-Wigners are fixed in the fit
2 Breit-Wigner + PHSP function re-weighted by 2D-efficiency map from Dalitz plots

Background estimated from DE sidebands

HQL 2014, MainzElisabetta Prencipe

B± J/yfK± B± J/yfK± B± J/yfK±

B0 J/yfK0

S
B± J/yfK± B± +  B0

Background evaluated with DE sidebands

m
J/yf

 (GeV/c2) m
J/yf

 (GeV/c2) m
J/yf

 (GeV/c2)

m2

J/yf
 (GeV/c2)2 m2

fK+
 (GeV/c2)2 m2

J/yK+
 (GeV/c2)2

arXiV: 1407.7244 [hep-ex]
Submitted to PRD
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B  J/yfK: mass fit results

These results are background
    corrected.

Small background: 
    purity 89% (B±) and 82% (B0)

c2 of fits acceptable in all cases:

   no hypothesis should be rejected

HQL 2014, MainzElisabetta Prencipe

:

26.4/14

12.7/12

Parameters fixed
to the CMS values

Parameters fixed
to the CDF values

Our fit: 

- S-wave relativistic Breit-Wigners; 

- non-resonant contribution represented by a constant term; 

- no interference allowed between the fit components; 

- small bkg from DE sidebands, consistent with PHSP behavior  (incorporated in the 

  non-resonant PHSP term);

- high spin contribution expected, but angular term non included due to poor statistics

   (we assume that the resonances decay isotropically) 

arXiV: 1407.7244 [hep-ex]
Submitted to PRD

PLB734,261(2014)

PRL102,242002(2009)

  21

B  J/yfK: BABAR re-weighted data

HQL 2014, MainzElisabetta Prencipe

B± J/yfK± B± +  B0B± +  B0

Significance < 2 s within systematic uncertainties

What happens if we re-weight data (not the fit function) by the Dalitz efficiency?

arXiV: 1407.7244 [hep-ex]
Submitted to PRD
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CKM
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B → Xu(→ππ)ℓν 

15 

Non-resonant decays with Xu = ππ  are background to B → ρ(→ ππ)ℓν 
� more detailed study by performing fit to M2

miss in bins of Mππ 

•  B → ππℓν:  No sign of non-resonant decays:  Nfit = 46 ± 46, NPYTHIA6.2 = 335 
•  B- → f2(1270)ℓ-ν :  Fitted yield 2-3 times higher than ISGW2 model prediction: 
                               Nfit = 154 ± 22, NISGW2 =  58 

ρ 

f2 

[PRD 88, 032005 (2013)] 

Florian Bernlochner (BaBar)

Vub puzzle still unsolved:
• Exclusive decays don‘t add up to inclusive.

Introduction
Observables and Non-Perturbative Uncertainties

Numerical Results and Discussion

Unitarity Triangle and |Vub| Measurements
Outline
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Fig. 17.1.1. Illustration of semileptonic decay B� ! X`�⌫̄`.

as illustrated in Fig. 17.1.1. These are governed by the
CKM-matrix elements Vcb and Vub, and since the inter-
mediate W -boson decays leptonically, do not involve any50

other CKM-matrix elements. Hence, measurements of the
B ! X`⌫ decay rate can be used to directly measure |Vcb|
and |Vub|.

The theoretical description of semileptonic B decays
starts from the electroweak e↵ective Hamiltonian,

He↵ =
4GFp

2

X

q=u,c

Vqb (q̄�µPLb)(`�
µPL⌫`) , (17.1.1)

where PL = (1 � �5)/2, and GF is the Fermi constant
as extracted from muon decay. The W boson has been
integrated out at tree level, and higher-order electroweak
corrections are suppressed by additional powers of GF and
are thus very small. The di↵erential B decay rates take the
form

d� / G2
F |Vqb|2

��LµhX|q̄�µPLb|Bi��2 . (17.1.2)

An important feature of semileptonic decays is that the
leptonic part in the e↵ective Hamiltonian and the decay55

matrix element factorizes from the hadronic part, and that
QCD corrections can only occur in the b ! q current.
The latter do not a↵ect Eq. (17.1.1) and are fully con-
tained in the hadronic matrix element hX|q̄�µPLb|Bi in
Eq. (17.1.2). This factorization is violated by small elec-60

tromagnetic corrections, for example by photon exchange
between the quarks and leptons, which must be taken into
account in situations where high precision is required.

The challenge in the extraction of |Vcb| and |Vub| is
the determination of the hadronic matrix element of the65

quark current in Eq. (17.1.2). For this purpose, di↵erent
theoretical methods have been developed, depending on
the specific decay mode under consideration. In almost all
cases, the large mass of the b-quark, mb ⇠ 5GeV plays an
important role.70

In exclusive semileptonic decays, one considers the de-
cay of the B meson into a specific final stateX = D⇤,⇡, ....
In this case, one parameterizes the necessary hadronic ma-
trix element in terms of form factors, which are nonper-
turbative functions of the momentum transfer q2. This75

is discussed in Sections 17.1.2 and 17.1.4. Two methods
to determine the necessary form factors are lattice QCD
(LQCD) and light-cone sum rules (LCSR). In LQCD the
QCD functional integrals for the matrix elements are com-
puted numerically from first principles. Heavy-quark e↵ec-80

tive theory (HQET), and nonrelativistic QCD (NRQCD),

were first introduced, at least in part, to enable lattice-
QCD calculations with heavy quarks. Even when these
formalisms are not explicitly used, heavy-quark dynam-
ics are usually used to control discretization e↵ects. An85

exception are the most recent determinations of mb from
lattice QCD, discussed below, which use a lattice so fine
that the b quark can be treated with a light-quark formal-
ism. A complementary method is based on LCSR which
use hadronic dispersion relations to approximate the form90

factor in terms of quark-current correlators, which can be
calculated in an operator product expansion (OPE).

In inclusive semileptonic decays, one considers the sum
over all possible final states X that are kinematically al-
lowed. Employing parton-hadron duality one can replace95

the sum over hadronic final states with a sum over par-
tonic final states. This eliminates any long-distance sensi-
tivity to the final state, while the short-distance QCD cor-
rections, which appear at the typical scale µ ⇠ mb of the
decay, can be computed in perturbation theory in terms of100

the strong coupling constant ↵s(mb) ⇠ 0.2. The remain-
ing long-distance corrections related to the initial B meson
can be expanded in powers of ⇤QCD/mb ⇠ 0.1, with ⇤QCD

a typical hadronic scale of order mB�mb ⇠ 0.5GeV. This
is called the heavy quark expansion (HQE), and it system-105

atically expresses the decay rate in terms of nonperturba-
tive parameters that describe universal properties of the
B meson. This is discussed in Sections 17.1.3 and 17.1.5.

17.1.1.3 Experimental Techniques

As in other analyses of BB̄ data recorded at B facto-110

ries, the two dominant sources of background for the re-
construction of semileptonic B decays are the combinato-
rial BB̄ and the continuum backgrounds, QED processes
e+e� ! `+`�(�) with ` = e, µ, or ⌧ , and quark-antiquark
pair production, e+e� ! qq(�) with q = u, d, s, c.115

The suppression of the continuum background is achieved
by requiring at least four charged particles in the event and
by imposing restrictions on several event shape variables,
either sequentially on individual variables or by construct-
ing multivariable discriminants. Among these variables are120

thrust, the maximum sum of the longitudinal momenta of
all particles relative to a chosen axis, �✓thrust, the angle
between the thrust axis of all particles associated with the
signal decay and the thrust axis of the rest of the event,
R2, the ratio of the second to the zeroth Fox-Wolfram mo-125

ments, and L0 and L2, the normalized angular moments
(introduced in Sec. 9).

The separation of semileptonic B decays from BB̄
backgrounds is very challenging because they result in one
or more undetected neutrinos. The energy and momentum
of the missing particles can be inferred from the sum of
all other particles in the event,

(Emiss,pmiss) = (E0,p0)� (
X

i

Ei,
X

i

pi), (17.1.3)

where (E0,p0) is the four-vector of the colliding beams. If
the only undetected particle in the event is one neutrino,

[Illustration by F. Tackmann]

I. Introduction: Summary of the exp. and theo. situation
a Recap of incl. and excl. measurements

b Recap of the ’1/2’ vs ’3/2’ problem

II. Discovery of potential 2S charmed state(s) by BABAR

III. Our Proposal and its Viability

IV. Prediction of �(B ! D

0(⇤) ` ⌫̄`) using light-cone sum rules

V. Summary
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CKM
f i t t e r

V ⇤ubVud + V
⇤
tbVtd + V

⇤
cbVcd = 0

Decay |Vub|⇥ 103

B ! ⇡ `¯⌫ 3.23± 0.30
B ! Xu`¯⌫ 4.39± 0.21
B ! ⌧ ¯⌫⌧ 4.32± 0.42

[HFAG]

BR( ¯B ! ⇢+`�¯⌫`) = (3.34± 0.23tot) · 10�4

[arXiv:1306.2781]

Sascha Turczyk New ways to search for right-handed current in B ! ⇢`¯⌫ decay 3 / 28

Introduction
Observables and Non-Perturbative Uncertainties

Numerical Results and Discussion

Combined Fit for New Physics Parameter
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[F. Bernlochner, ST, CKM2012],

see also [Crivellin et. al., arXiv:0907.2461]

[Buras. et. al., arXiv:1007.1993]

Current bounds weak

Strong correlation

Vub � ✏R

Can we derive an
“orthogonal” bound?

Sascha Turczyk New ways to search for right-handed current in B ! ⇢`¯⌫ decay 5 / 28

Text

Sascha Turzcyk
• Solution: right-handed couplings? 

Investigate                                           
asymmetries                                           
in B ➞ ρ l± ν

Introduction
Observables and Non-Perturbative Uncertainties

Numerical Results and Discussion

The Angular Distribution

�

� �

�
�B�
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⇡
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✓`
✓V

⇡

q2: Momentum transfer

✓V : Angle between ⇡ in ⇢
restframe and moving
direction of ⇢ in B restframe

✓l : Angle between ` in W (⌘ ⇢)
restframe and moving
direction of W in B restframe

�: Angle of decay planes

Possible Observables

Consider 1D and 2D Asymmetries

Full Angular Analysis

Very di�cult
) Consider asymmetries in three angles

Sascha Turczyk New ways to search for right-handed current in B ! ⇢`¯⌫ decay 6 / 28
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D physics

CP Violation

4

φs Average
New LHCb results consistent with SM expectation

World’s most precise result →
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Measurements of CP violating phases at LHCb 23

B physics

23Jörg Marks

Results – CPV in   D0 ! h+h¡

  HFAG averages 

no CP violation

HQL2014:  Charm – Mixing and CPV

23Jörg Marks

Results – CPV in   D0 ! h+h¡

  HFAG averages 

no CP violation

HQL2014:  Charm – Mixing and CPV
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Per-event resolution model

Effective resolution: 40.3 fs

Opposite-side and Same-side flavour tagging

Effective tagging efficiency: (3.89 ± 0.25)%

φs = +0.070 ± 0.068 (stat)± 0.008 (syst)

|λCP | = 0.89 ± 0.05 (stat)± 0.01 (syst)
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Measurements of CP violating phases at LHCb 22

(LHCb)
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• Impressive results from Daya Bay!

Neutrinos

5

Napolitano HQL 2014Recent Results from Daya Bay

Results: Oscillation Probability
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Napolitano HQL 2014Recent Results from Daya Bay

Results: θ13 and Δm2ee
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θ13 Oscillation Analysis using n-Captures on Gd 

Zhe Wang 8 

θ13 Oscillation Analysis using n-Captures on Gd 

Zhe Wang 8 
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• But lots of other highlights, too. Too many for all being presented!

Neutrinos

6

  
Maura Pavan – HQ&L 2014 

GERDA – phase I

BEGe bkg is 30 times higher 

than what needed for Phase II

main background sources

42K + 222Rn  in LAr

(42K unexpected and partially already mitigated)

214Bi+228Th in detector assembly

surface alphas

Exposure 21.6 kg x y refurbished coaxial HPGe (10.9 kg) + new BEGe (3.6 kg)

Background Index Coaxial 1.7 10-2 counts/(keV kg yr)

 BEGe 3.6 10-2 counts/(keV kg yr)

0nbb result T0n
1/2 

> 2.1 1025 yr at 90% C.L.
Klapdor claim

~ ruled out !
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BEGe bkg is 30 times higher 

than what needed for Phase II

main background sources

42K + 222Rn  in LAr
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CrSOX: 95% C.L.
CrSOX: 99% C.L.
CeSOX: 95% C.L.
CeSOX: 99% C.L.
anomalies: 95% C.L.
anomalies: 99% C.L.
best Fit

Projected(sensiCvity(of(CrSOX/CeSOX'

" SOX'could'discover/exclude'best'fit'value'at'~5σ'
" 95%'C.L.'region'of'anomalies'can'be'covered''

CrSOX'
Ac#vity:'10'MCi'
Fiducial'radius:'3.3'm'
1%'source'error'
1%'FV'error'
1%'background'error'
'
CeSOX'
Ac#vity:'100'kCi'
Fiducial'ra'dius:'4'm'
1%'source'error'
1%'FV'error'
no'relevant'background'

Michael'Wurm'(JGU'Mainz/PRISMA) ' ''''''''''''Experimental'searches'on'sterile'neutrinos '' ' ' ' ' '23'

  

SOX:(Short\distance(νe(OscillaCons(with(boreXino'
AcCve(volume''
270t'of'liquid'scin#llator'(PC)''
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2,200'inward=facing'PMTs'

SOX(Pit(
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Michael'Wurm'(JGU'Mainz/PRISMA) ' ''''''''''''Experimental'searches'on'sterile'neutrinos '' ' ' ' ' '14'

Search for 
sterile 
neutrinos.
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• Many Results from NA48/2, NA62, and KLOE (Br(K± → π±π+π–)!)

• And LHCb now a Kaon player, too!

Kaon Physics

7

Ks ! µµ analysis strategy [JHEP 01 (2013) 090]

Background is interpolated to the signal region from the side-bands.
I Exponential component for combinatorial.
I Empirical function (checked with MC) for the K

S

! ⇡⇡ tails.
I Other peaking bkg found to be negligible.

Observed yield compatible with background expectation.
Carla Marin (carla.marin.benito@cern.ch) Rare kaon decays at LHCb HQL 2014 11 / 21

Ks ! µµ results [JHEP 01 (2013) 090]

CLs method used to set an upper limit on the BR.

BR (K
s

! µµ) < 9(11) · 10�9 at 90(95)% CL

30 times better than previous best!!
Carla Marin (carla.marin.benito@cern.ch) Rare kaon decays at LHCb HQL 2014 12 / 21

Outline

Introduction.
I Motivation
I LHCb detector for strange decays.
I LHCb trigger for strange decays.

Published results: K
s

! µµ.

Prospects:

I K
s

! µµ

I K
s

! ⇡0µµ

I K
s

! 4`

I K+ mass

I ⌃+ ! pµµ

Not covered in this talk:

I K
S

! ⇡⇡µµ

I K
L

Carla Marin (carla.marin.benito@cern.ch) Rare kaon decays at LHCb HQL 2014 1 / 21

Carla Marin Benito (LHCb)



Rainer Wanke, Heavy Quarks & Leptons 2014, Aug 29th, 2014

• Many, many investigations.
• So far only slight hints (if you‘re an optimist) for new physics...
• B ➞ K* μ+ μ–:

LFV and Rare Decays

8

B0 æ K úµµ angular distributions

DiÄerent foldings cancel diÄerent angular observables. [PRL
111 191801 (2013)]

Observables P Õ
4,5 = S4,5/


FL(1≠ FL)

Leading form-factor uncertainties cancel.

In 1 fb≠1, LHCb observes a local discreapncy of 3.7‡ in P Õ
5

.

Probability that at least one bin varies by this much is 0.5%.

SM prediction form: JHEP 05 (2013) 137

Marcin Chrzπszcz (UZH, IFJ) Rare beauty and charm decays at LHCb 17 / 21

Marcin Chrząszcz (LHCb)
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• Lot‘s of measurements done (ATLAS, CMS, but still Tevatron, too!)

Top Physics

9

A wealth of top properties 

26.08.2014 3 Recent results in the top sector from DØ                      Oleg Brandt 

ν - 

W+ 

b 
W– 

b 

- 
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t -
 

q’ 
q 

- 

q q’ - 
l– 
ν - 

l+ 

Mass, charge, width 

Cross section 
Differential cross section 

Production mechanism 
Lorentz invariance violation 
New physics contributions 

Spin correlation 
QCD charge asymmetry AFB 

Top polarisation 

Color flow 
Anomalous couplings 

Rare decays 
Branching ratio 

CKM matrix element |Vtb| 
New physics contributions 

+ electroweak single top production 

W helicity 

Single top s channel observation 

27.08.2014 18 Recent results in the top sector from DØ                         Oleg Brandt 

s channel cross section [pb] 
s channel cross section [pb] 

!  About equal contributions from both experiments 
!  Negligible dependence on mt 

!  Observed significance: 6.3σ 
-  (Expected significance: 5.2σ) 

Phys. Rev. Lett. 112, 231803 (2013) 

Single top s channel observation 

27.08.2014 18 Recent results in the top sector from DØ                         Oleg Brandt 

s channel cross section [pb] 
s channel cross section [pb] 

!  About equal contributions from both experiments 
!  Negligible dependence on mt 

!  Observed significance: 6.3σ 
-  (Expected significance: 5.2σ) 

Phys. Rev. Lett. 112, 231803 (2013) 

E.g.: s-channel single 
top production:

Oleg Brandt (D0)
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• Visit of Oppenheim and its vineyards

But also other highlights...
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• If you have conference photos you‘d like to chair, please do so!   
We‘ll put them on the conference web site. 
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• Proceedings will be published in PoS as in the last HQL editions.
• Length of proceedings: 

- 20‘/25‘+5‘ presentations:    8 pages

- ≧ 30‘+5‘ presentations:     10 pages
• Deadline of proceedings will be October 19th, 2014.
• Proceedings will be refereed by the LOC (*)                                   

and should appear in PoS in November.
• At the moment PoS is setting up the web pages,                             

detailed instructions will follow soon and will be put                                
on the HQL 2014 homepage and sent around by mail. 

 (*) Session conveners are encouraged to help! 

Proceedings
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International Advisory Committee Meeting on Thursday evening:
Bid of Jonathan Link and Leo Piilonen to host HQL 2016                       
at the Center of Neutrino Studies at Virginia Tech in Blacksburg/VA.

Heavy Quarks & Leptons 2016
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This is the Hokie Bird 

Blacksburg!

Virginia Polytechnic Institute and State University (VPI, Virginia Tech) 
• Located in Blacksburg in southwest Virginia, USA
• Established in 1872
• Enrollment: 29,000



Center for 
Neutrino 
Physics 

Bid to Host HQL 2016 

Excursion and Conference Banquet 
Mabry Mill 

Rustic Performance Venue 

Live Bluegrass Music 



Center for 
Neutrino 
Physics 

Bid to Host HQL 2016 

Excursion and Conference Banquet 
Winery Tours and Wine Tasting 
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Proposed date:
• May 22 – 27, 2016
• Will be validated soon.

Center for 
Neutrino 
Physics 

Bid to Host HQL 2016 

Excursion and Conference Banquet 



Hope, you enjoyed 
the stay...



... and see you again 
in 2016!


