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Particle Physics Today

» The Standard Model
leaves many questions

» Why do we have three
generations of leptons
and quarks?

» Hierarchy, masses, 22
free parameters

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Particle Physics Today
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Credit: W. Altmannshofer, The Flavor Puzzle

» Can we find New Physics to understand the structure of the SM ?

» With flavor physics we soon might be a step closer..

Simon Wehle (Deutsches Elektronen-Synchrotron)



CMS Experiment at the LHC, CERN
Data recorded: 2015-Sep-28 06:09:43.129280 GMT
Run/ 1610868539 / 1073

High Energy

> Allows for the direct production of new
particles

P Energy Scale ~ 10 TeV
> No indication for NP

Simon Wehle (Deutsches Elektronen-Synchrotron)

1d Outlook Lepton Flavor Universality & Rare

Precision Physics

>

New "virtual" particles can occur in quantum
loops

Can test a higher mass scale of ~ 100 TeV
[A. Buras et al, JHEP1411(2014)121]

There are many tensions in the flavor sector!
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Frontiers

CMS Experiment at the LHC, CERN
Data recorded: 2015-Sep-28 06:09:4; 0 GM
Run/ 257645/ 1610868539 / 1073
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High Energy Precision Physics
> Allows for the direct production of new > New "virtual" particles can occur in quantum
particles loops
> Energy Scale ~ 10 TeV > Can test a higher mass scale of ~ 100 TeV
» No indication for NP [A. Buras et al, JHEP1411(2014)121]

> There are many tensions in the flavor sector!
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Complementary Pathways to New Physics

10GeV 100GeV 1TeV 10TeV 100TeV
T T H° T icles 77
b W=, 70 ¢ New particles ?7?

Particles produced at LHC
Reach of Flavour Physics

Credit: J. Albrecht, DESY Seminar 16
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Complementary Pathways to New Physics

10GeV 100GeV 1TeV 10TeV 100TeV
T T H° T icles 77

i 77
b W=, 70 ¢ New particles

Particles produced at LHC
Reach of Flavour Physics

Credit: J. Albrecht, DESY Seminar 16

Past examples
» GIM Mechanism: ¢ quark

» B oszillations — M; > 50 GeV

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Complementary Pathways to New Physics

10GeV 100GeV 1TeV 10TeV 100TeV
T T HO T icles 72
b W=, 70 ¢ New particles ??

Particles produced at LHC

Reach of Flavour Physics

Credit: J. Albrecht, DESY Seminar 16

Past examples

sinfc W~ i
> GIM Mechanism: ¢ quark . Y u
K u \A
» B oszillations — M; > 50 GeV il % ut
cosOc W
cosOc W .
S VAN w
K° ¢ Vu
d AN +
-sinB¢ w' "
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b Quark Decays

b quark properties

» Third family, high mass

» must decay outside of third
» all decays CKM suppressed
» — long live-time

Simon Wehle (Deutsches Elektronen-Synchrotron)
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b Quark Decays

b quark properties

» Third family, high mass

» must decay outside of third
> all decays CKM suppressed
» — long live-time

Credit: J. Albrecht, DESY Seminar 16
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b Quark Decays

b quark properties

» Third family, high mass

» must decay outside of third
> all decays CKM suppressed
» — long live-time

» All forces of the Standard Model
involved in B meson decays

Credit: J. Albrecht, DESY Seminar 16
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Flavor Physics around the World
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The Belle Experiment

v

The Belle experiment is located at the
KEKB accelerator in Tsukuba, Japan

Data taking from 1999 to 2010
It is designed as a “B factory”

v

v

v
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The Belle Detector
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Flavor Anomalies
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Flavor Anomalies

> 3.50 enhanced B — D(*)7v rates
3.30 suppressed branching ratio of Bs — ¢’ 1~
~ 30 tension between inclusive and exclusive determination of | V|
~ 30 tension between inclusive and exclusive determination of | V|

> 30 anomalies in angular distributions of B — K¢

2.60 lepton flavor non-universality in B — K(*);ﬁu* vs. B— KWete™

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Flavor Anomalies

3.30 suppressed branching ratio of Bg — qﬁ;ﬁ;f

> 30 anomalies in angular distributions of B — K¢

2.60 lepton flavor non-universality in B — K(*)/ﬁ';f vs. B— K®ete™

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Introduction Flavor Anomalies Lepton Flavor Universality

Flavor Anomalies

3.30 suppressed branching ratio of Bg — qzmﬂf

> 30 anomalies in angular distributions of B — K¢

2.60 lepton flavor non-universality in B — K(*)M+M_ vs. B— K®ete™

Same effective couplings
(Wilson Coefficients C7 g 10)

7]
=
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The Flavor Anomalies Overview - Branching Ratios

il -LC'SR L?ltice *D'nla . _ WuLCSR Lattice —e-Data . _ WmLCSR Lattice —e-Data .
> BoKutu % A I B K w |
% LHCb % 4 LHCb 3 % 15 LHCb { o
mx X 3 X 10 | %
R - 1% 1% + 5
. N < 12
3 tER + 18T ++ &
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qz [GeV2/c4] q2 [GeVZ/c“] 4 [GeVYcH]
= L T T T T —0.1 X100 T T
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~Dus T 12F E ,i 0.1 —
= s
5 ik R
[ + s AbS> A 1% -
e = ok E Y0 +
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JHEP 09 (2015)179 JHEP 06 (2015) ;1[?\/ i JHEP 11(2016)047
JHEP 04(2017)142
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Flavor Changing Neutral Currents b — sé/f

(b) SM example

> Branching ratios of O(1 x 107°)

7

(c) NP example

> Inmy thesis | analyzed b — sf/ in the decay of B — K¢+ ¢~

» In all three lepton modes:

e, ;2 Anangular analysis of 8° — K*(892)°/7 ¢~

T Upper limitto B" — K777~

Simon Wehle (Deutsches Elektronen-Synchrotron)
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[ Generator Distribution
-/ Si
B (25) Sideband

and

0 5 15 20

&[GV /e

The observables are depended on q2 = M? Fo—

The differential decay rate for B — K*¢+ £~ can be written as
1 dr 9 [3

=—— |>(1 — F)sin® O + Fcos® 0
dr/dg? dcos, dcos Ok dp dg> 327 4( 1) sin® O + Fi cos™ O

1
+ 1(1 — F1)sin O cos 20,
— F1cos? B cos 20, + Sy sin? O sin? 0, cos 2¢
+ Sy sin 20k sin 20, cos ¢ + Ss sin 20k sin 6, cos ¢
+ Sgsin® Bk cos B, + Sy sin 20 sin 6 sin 0]

+ Sg sin 20 sin 26 sin ¢ + Sg sin? O sin® O, sin2¢ |,
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Folding Procedure

> With a transformation of the angles, the
dimension is reduced to three free parameters

» Each transformation remains three
observables S;, F. and S3

¢— =9 forg <0 > The observables

PiSi: Sp—m—¢ forf, >m/2
Sj=4,5,7,8

- m P'I:A 56,8 —  ———
QL*)TF 0L for9L>u/2, 1=4,5,6, FL(1_FL)’
¢ — —@ for¢p <0 are considered to be largely free from
Pl 5 S5 . -
s 0, —m—0, forf, > /2, form-factor uncertainties

> Transverse polarization asymmetry

25

@
AP — =8
T (1—F)

Introduced by LHCb in

Simon Wehle (Deutsches Elektronen-Synchrotron)


http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
http://dx.doi.org/10.1103/PhysRevLett.111.191801
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Reconstruction of B — K*£T¢—

» Reconstructing B and BT modes
» Using muon and electron modes
» K*is reconstructed in (K*, 77), (K2, 7 1) and (K, 70)

Electron Modes Muon Modes
» BY - K*(892)°ete » B — K*(892)°ut ™
» Bt — K*(892)Tete™ » BT — K*(892) Tt p~

Signal selection:
> Neural network (NN) classifier for all particles in the decay chain
> Final signal selection on four B meson NN

P NN cut optimization on 2D figure of merit separate for the lepton
flavor

Simon Wehle (Deutsches Elektronen-Synchrotron)
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I

*(892) tete

VK
K (892) F

cut B
cut B

00 02 o4 06 08 10 00 02
cut B'—K " (892)% * e

Most stright forward strategy:
> Optimize a combined FOM for ee and pit channels

FOM = Ng/+/(Ns + Np)

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Fit Procedure

ESideband <—— Signal
3 » Signal: Transformed differential decay rate

» Background: Kernel Density Estimation

sof-

Events / ( 0.008 GeV )

‘“? > independent 3D unbinned maximum likelihood fit for:
> g?bin: (1,6), (0.1, 4), (4, 8), (10.09, 12.9), (14.18,

;gmgt_% 19)

> P,and P}

i L
2 524 5.26 5.2

3 55
M, (GeV)

1. The data is split into bins of §°

2. M. is fitted to determine the signal and background fractions
3. The data is split into a sideband and signal region
4

. The shape of the background is determined and fixed in the sideband with smoothed
histograms

5. The final fits are performed as 3D maximum likelihood fitin €,, 0 and ¢ for P4 5 6,5 €ach
treated as an independent measurement

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Efficiency/Acceptance is critical to understand(!)

» We compare the generated
distribution with the reconstructed

cosly
0, 0, %
% % %,
.

» The difference is fitted with a
spline-fit

g,
.

Q

9
%
w

2,0
o
5 %
.

o
2
cN
.
.
.

cosly
PR
& s
% 2,
.
S
q

%,
.

=
.

o)

Iff'f(cos 0y, cos Ok, b, q°) = f!,t,(cos 0p) ® f!,r,(cos 0k)

2,

2,2,
%, %5
-
.

fit it [ 2
D (D) @ fogr(a)s <

0, %
%

0, %
%
.
.
o
-
i

R
.

2y <,

9,9
o,
5

- . - 4

c)

2
7
%,

>

“n
x BT -
o

DS S S D> S PP D
POL S0 O o0 @ S S PP P
SESESSEET SIS SIS

2o %
2,
9
9
9
2,
?,
o

I TN
: cosby cosfy o) 7

v .
P i
HE -

Simon Wehle (Deutsches Elektronen-Synchrotron)



Lepton Flavor Universality & Rare B Decays

Signal Extraction B — K*£1¢~

> Signal is extracted in Beam Constrained Mass: My, =

El%eam - |ﬁ5|2

» Signal pdf: Crystal Ball shape, Background pdf: Argus shape

Events / (0.003 GeV/c?)
Events / (0.003 GeV/c?)

RN SRy,

Pull

Pull

2
A e
“E L

B h R L o T

B® — Kk*(892)°e"e

5.‘2&
M, (GeV/c?)

B° — K*(892)°ut 1
BT — K*(892)TuTu~
185 =+ 17 signal candidates

BT — K*(892)TeTe™
127 + 15 signal candidates
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Result P; - Result

1.5
DHMV
1ol 4+ LHCb 2013
' #  LHCb 2015
0.5 |
y——i
a" oo —

-05f ; e : E f

_15 1 1 1 1 1 1 1
0.0 25 5.0 7.5 10.0 125 15.0 175

q? [GeV?/c?]
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Result P5 - Result

15 : . .
Belle preliminary = DHMV

1.0+ 4 LHCb 2013 1

' #:  LHCb 2015
++  This Measurement

05 ]

= ==
PR i

-15 ! ! 1
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Result - Result for Combined Data

15 r 15 r
[ DHMV [ DHMV
1of # LHCb 2015 1of 41 LHCb 2015 ]
: ATLAS 2017 : 4 CMS 2017
W This Measurement ATLAS 2017
05f 1 05 fe & This Measurement |
o
- i | I I L T
AT oo 5 Y 00 -
I * * —— + 9 i
of 10 [ — 1
-15 - - -15 -
0 5 15 20 0 5 15 20

10
7% [GeV?/c"]

» Measurements are compatible with the SM

» Similar central values for the P anomaly with 2.50 tension

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Complications - Doubts

Optimist’s view point Pessimist’s view point

» Although, overall uncertainty on b — sf{ form-factors decreased —
significance of anomalies increased

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Lepton Flavor Universality

» Fundamental in of the Standard Model
> Very well tested

» Clean observables

> Only new particles can lead to LFU violation

Simon Wehle (Deutsches Elektronen-Synchrotron)
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15 ; . . 15 : - T
Belle preliminary E= DHMV Belle preliminary = DHMV
1ob Al Modes 1 10l Al Modes 1
: @ Electron Modes : @ Electron Modes
HH  Muon Modes I H#  Muon Modes
05 ] 05 ]
|
= ook , I - o | .
R —
L " ﬁ*
-05 ] -05 1 I ]
=
10 ] 10 (| —— ]
15 A A . 15 A A .
0 5 10 15 20 0 5 10 15 20
¢ [GeV?/ct] ¢ [GeV?/c!]

» The Largest deviation in the muon mode with 2.60
» Electron mode is deviating with 1.10

> Test on Lepton flavor universality

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Lepton Flavor Universality in Angular Observables

» Test lepton flavor universality

» Observables Q; = P!' — P¢, JHEP 10,075 (2016)

> Deviation from zero very sensitive to NP

15 T T T 15 T T T
3 SM from DHMV
10l [ NP Example 10| B
05 Bl 05 ——— Bl
1
S 00 S oo
-05 ‘ e -05 e
“Lor ] “LOF &= M from DHMY ]
[ NP Example

15 . . . 15 L L L

0 5 10 15 20 0 5 10 15 20
¢? [Gev2/ci] ¢ [GeV? /e

» Published recently in Phys. Rev. Lett. 118, 111801 (2017)
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Simple Lepton Flavour Universality Tests

B(BT — Ktutu™) B(B® — K*utu™)

RK — R* f—
B(BT — Ktete™) K™ B(B® — K*ete)

d d

B(] K*l)

; 6T ) » Theoretically very clean
T T s
D! » Uncertainties from form
| |

factors cancel in the ratio

— " > Control mode B — J/1K®)
(‘F
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Experimental Results for Rk

-o-LHCb -m-BaBar —a—Belle

v 2r T T T T _ e
s LHCb I

1.5 1 15k ]

5t ) ¥ ]

+ I ]

1F ] L0 .

[ To6s | SMo g b 1056 | 1
—* : | j

0.5¢ ] 051 ® LHCH ]

L 1 L M BaBar -

oL 1 L ! | b [ LHCb A Belle ]

0.0 IR N S SR N S SN SR T NN SO S TR S NN S S S
0 5 10 15 R 202 . 0 5 10 15 20
g% |GeV-/c4] & [GeVz/c'l]

» Consistent experimental results
» Updated Belle result in preparation
» Possible results for R;® and Ry "

> 25% effect against SM for muons in electroweak penguins

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Effective Hamiltonian Approach

e i=7 : photon
F ’ v i=9:
thy; § (Cioi + (I((gg) i=9 : vector current
\/§ - 7\ \ i=10 : axial-vector current

2
left-handed part  right-handed part i=S,P : scalar, pseudo scalar
suppressed in SM operators

Hett = —

» The b — s/{ decay can be described by an effective field theory
» Model independent description:

Herr X Z (C,SM + CINP) - O
i

(@ O () O'gand Oy,

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Constraining Wilson Coefficients

P Look across all different measurements of
b — sl

> Short distance effects can be described by
Wilson Coefficients C;

F; from Atlas and LHCb

Arg from Atlas and LHCb

Rk from BaBar and LHCb
Branching ratios for b — s¢¢
PL.

> (C7,9,10 important for b — sf¢ processes

VvyVvyVvyy

— constrain Wilson Coefficients C; across measurements and experiments

05} 1 > Global fit
P Fit NP contribution

.
L O [ Global Fit
- f frrzmameed Co=C§" +CyP
.

P 4.50 deviation in Cg from SM

¢ (GeV?)
Simon Wehle (Deutsches Elektronen-Synchrotron)
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SO T LR observables
- b— sy global fit
-2 ] —1.04 : o
1 flaviowar ——— 4l fivefold non-FF hadr. uncert.
!
T S S D RN I k| 20 15 -10 -05 00 05 10 15
-3 -2 -1 0 1 2 3 ReCl
NP
Cop
1704.05340 Phys. Rev. D 96, 055008 (2017)

» Many theorists perform global fits of (J(150) measurements
> Pull for the SM at the level of 4.4-5 o

Simon Wehle (Deutsches Elektronen-Synchrotron)


https://arxiv.org/abs/1704.05340
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.055008
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Fits for Lepton Flavor Universality

NN 157
Nig
! o1 A f
0.59
so g
&)
v 5}
Y oo
\ \\
-y
-1 ~2 \ ]
/ —0.54
/
_o 1 —— LFU observables
Y Ay BRI b — syt global fit
] all
3 1 H }
- - S -20 -15 -10 05 00 0.5 10 15
-3 -2 -1 0 1 2 3 ReCl
NP
Cop
1704.05340

Phys. Rev. D 96, 055008 (2017)
> Lepton Flavor Non Universality favored with > 3o

Simon Wehle (Deutsches Elektronen-Synchrotron)


https://arxiv.org/abs/1704.05340
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.055008
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Lepton Flavor Universality in Rp)

B(B — D¥)1v)

Rpx =
v B(B — D& puv)
» Tree level decay b W ot
. SM: M
» Theoretically very clean c v

observable

» Neutrinos in final state

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Lepton Flavor Universality in R( )

BaBar had. tag
0.33240.024 £0.018

Belle had. tag
0.293£0.038 £0.015

Belle sltag
0.302+0.030£0.011

Belle (hadronic tau)

0.270 £0.035 £ 0.0T

LHCb
0.336+0.027+0.030

LHCb (hadronic tau)
0.285+0.019+0.029

Average
0.304£0.013 £0.007

S Fancr etal. (2012)

Simon Wehle (Deutsches Elektronen-Synchrotron)
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R(D*)
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BaBar

0.440 £ 0.058 £ 0.042

Belle
0.375 £ 0.064 + 0.026

Average

0.391 £ 0.041 +£0.028

SM prediction

0.297 £0.017

0.4

0.6
R(D)
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Lepton Flavor Universality in Rp)

— O B e e e e e s ———— ]
% 0.5 — BaBar, PRL109,101802(2012) ) 3
a [ ——— Belle, PRD92,072014(2015) Ay = 1.0 contours ]
I~ E LHCb, PRL11S,111803(2015) - ]
0.45 - — Belle, PRD94,072007(2016) === SM Predictions i
"7 F = Belle, PRL118,211801(2017) R(D)=0.300(3) HPQCD (2015) B
== LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015) -
0.4 EEED Average R(D*)=0.252(3) S. Fajfer etal. (2012)
035 4o -
03F 120 a
025 " .
- HFLAV @
C FPCP 2017 ]
02 P() = 71.6% —]
[ R ST MRS |
0.2 0.3 0.4 0.5 0.6

R(D)

» Tension with SM > 40

> 30% effect against SM for taus in tree level decays

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Did we find new Physics?

G —— s —
" T S
"A

Tor You

Updated Edition for All GCSE Examinations

What does it mean?

Thornes

Nelson

Simon Wehle (Deutsches Elektronen-Synchrotron) =] = =
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Did we find new Physics?

» The anomalies are difficult to explain at once

» Two models are favored:

» Both cases may enhancement b — s77

» LQ: large enhancement of b — syt

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Motivation for b — s77 at Belle

Motivation

» New Physics may couple to mass of the 7
— enhance sensitivity by |m, /m,,|* ~ 286

» Both Z’ and leptoquark models predict large
enhancements [ 1704.05340]

The BT — KT7+7~ Decay

» B(BT — KTr7)M < 1.44(15) x 1077
» Some models may lead to a strong enhancement
» B(B— KT 7 T)MFV <2 x 10*
Alonso, R., Grinstein, B. & Camalich, J.M. J. High Energ. Phys. (2015) 2015
» Only experimental constraints by BaBar with
B(B" — KtrT77) <2.25 x 1072 at90% C.L..

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Simulation for Bt — K717+~ at Belle

> Signal is Identified in calorimeter energy related observable Egc,
> All systematic uncertainties are calculated

> Expected upper limit: B(BT — K*7777) < 3.17 x 10~* at 90% C.L. on MC

123 - - - - - -
20 expected limit Belle MC preliminary
3 @ 10 expected limit
&) 10— observed limit for 8.8 expected events b
‘;\; = =+ median expected limit
N
|
=
+
S
+
+
)
—
«Q
0.0 L L L L L L L L
2 4 6 8 10 12 14 16
Events
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Important recent Measurements

<

Ba,s — pp :
»  Golden mode to study at LHC(b) .,;

P LHCb: Single experiment observation of o

B — p ™ with more than 70

P Powerful probe of models with enhanced
(pseudo)scalar interactions

Bys — TT
> |HCb measurementusing 7 — 7wt v,
> B(BY — 7T77) < 6.8 x 1073(95%CL)
> B(BY — ttr7) < 2.1 x 1073(95%CL)

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Important Measurements Wish-List
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1.

2
3
4.
5
6
7

S

Branching Fractions of Charmless Leptonic B, decays
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Outlook

Discussion

Move Towards Belle 2

New superconducting final
focusing magnets near the IP

Redesign the lattices of HER & LER
to squeeze the emittance. Replace
short dipoles with longer ones (LER)

Reinforced RF (radio
frequency) system for
higher beam currents,
improved monitoring &
control system

Low emittance
positrons to inject

Damping ring. ’

| SV

Low emittance

Replaced old beam pipes with TiN
electrons to inject

coated beam pipes with
antechambers

(Credit: F. Bernlocher)

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Belle Il Detector Upgrade

40x instantaneous luminosity is expected to represent significantly higher background levels
in all Belle Il subdetectors.

KL and muon detector (KLM):
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

—

—
EM Calorimeter (ECL): / :
Csl(Tl), waveform sampling (barrel) 7. ar’(icle Identification

Pure Csl, waveform sampling (endcaps) ime-of-Propagation counter (barrel)

Prox.focusing Aerogel RICH (fwd)
mﬁ\

electron

Vertex detector (VXD):
2 layers DEPFET pixels
4 layers Double-sided silicon
strip detectors

Readout (TRG, DAQ):
Max. 30kHz L1 trigger

~100% efficient for hadronic events.
1MB (PXD) + 100kB (others) per event
over 30GB/sec to record

Offline computing:

Distributed over the world via the GRID

He(50%):C2H6(50%), Small cells, long
lever arm, fast electronics.

hua.ye@desy.de

(Credit: F. Bernlocher)
Simon Wehle (Deutsches Elektronen-Synchrotron)
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Super B Project - Highlights

BEASTII Phase 1

BEASTII Phase 2
w/o QCS/Belle Il Collision + partial Belle Il

Physics run

60

50

Goal o

40
30
20

Integrated Luminosity
[ab]

-

f SuperKEKB/Belle Il

9 months/year
20 days/month

Peak Luminosity
[1035 cm-2s-1]

S N A O OO O

T T T

N,
(=]
_
o

]
2017

2018

— |
2019 2020 2021

Calendar Year

2022
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Phase I: SuperKEKB first turns 2016

Feb 2016 News: First Turns at SuperKEKB (4 GeV e+’s and 7 GeV e-’s)

April 19, 2016 (LER beam current at 540 mA, HER at 480 mA)

(Credit: T. Browder)

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Phase I: The Beast

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Phase Il preparation: Final Focus Magnets Integration

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Phase Il preparation: Final Focus Magnets Integration

ks

== QCS-L (one of t\'NO final
focusing magnets) installed
this—weekl- on Aug iy

45C leak el cancel mognesd 43
Tcompensation solencid |

i~ <

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Phase Il preparation: Detector Closed

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Phase Il preparation: First Cosmic Events

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Phase Ill preparation: Vertex Detector Assembly

Simon Wehle (Deutsches Elektronen-Synchrotron)
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The next Generation of Flavor Factories

RERE T T T T T Ty B, System LHCbI
- Bellell " Projection (July 2015) CPV in Jhyh, po, MAESY Bs &
- y CPV in Mixing charged
- - LHCb [fb] « B uu tracks
| —e—Belle (Il [ab™] + CKM phase y in B5>DK
L + CPVin By
viogord * B> X Il (exclusive)
rigger-less :
10 LHC LS2 Run3 290 « BoXy  (exclusive) Important

Charm physics
Semi-leptonic B decays
T - physics: LFV [

cross checks

R

* B> X Il (inclusive)
*« B>Xy (inclusive) inclusive &

B-tv, pv neutrals
— B—>K*vv, B> vv

Slide adapted from J.Albrecht, DESY Seminar 25.10.16

PRI AR

|

C e T I | A
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year
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Belle 2 and LHCDb Projections

1.0 flavio voz2.
~ 034
05 *Q Lo N\\:
’ & 032 X
2 oo 031 %
o5 028 A
o r 95—
& 0.26F [[iHcd  [IBellelr ]
_10 [ swm El Future WA EI SM prediction ]
C 1 1 | | ]
0.24 0.3 0.35 0.4 0.45
-20 -15 -10 —05 00 05 R(D)

NP e
Cy

J. Albrecht et al., Future prospects for exploring present day anomalies in flavour physics measurements with Belle Il and LHCb

» Both Belle Il and LHCb can individually verify the flavor anomalies

Simon Wehle (Deutsches Elektronen-Synchrotron)


https://arxiv.org/abs/1709.10308
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Next Generation of Experiments

» Both LHCb and Belle Il have their strength and

weaknesses
» We need to have a confirming experiment!

Conclusion

» We can find new physics
> In not too distant future

Simon Wehle (Deutsches Elektronen-Synchrotron)
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If there is new physics in the flavor sector, we will find it!

Next Generation of Experiments

» Both LHCb and Belle Il have their strength and

weaknesses
» We need to have a confirming experiment!

Conclusion

» We can find new physics
> In not too distant future

Simon Wehle (Deutsches Elektronen-Synchrotron)



Thank you!

Simon Wehle (Deutsches Elektronen-Synchrotron)
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New Physics in b — s7 7 Transitions

S

b — scalars (e.g. in 2HDMs)
'~ +

R if scalar couplings to leptons are prop. to the masses
s < = Bs — ptu~ is the most important probe

T generic 2HDMs allow for much richer flavor structure
= b — sTt7~ transitions can give important info

vectors
b .
o+ photon and Z are couple lepton flavor universaly
v = strong constraints from b — sutpu~
T Z' gauge bosons can violate lepton flavor universality

= b — st 7~ transitions are complementary probes

leptoquarks

S
>
3
1

generically no reason to expect
- lepton flavor universality

(Credit: W. Altmannshofer)

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Background Suppression - Best Variables

N'B(Biag) is the NeuroBayes output of the By, candidate.
My+— invariant mass of the K+ and 7.

P-+ the momentum of the positively charged 7 in the rest frame of
the signal B candidate.

decayhash Decay hash value corresponding to the six possibilities for the
mass hypotheses of the children of the T (ee, eu, em, pu, pmw
and 7).

NB(T+ X T7) is the product of the NeuroBayes outputs of the children of
both 7.

AE™I the beam constrained energy of the Biag candidate.

Simon Wehle (Deutsches Elektronen-Synchrotron)
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Background Suppression - Best Variables

i 8

Events /0.016

Events / 0.084 GeV/c*
g

Events / 0.109 GeV /c*

os 10 15 20 25 30

o [GeV/e?

Events/ 13.333
Events/0.032

Events / 0.008 GeV/c*

Sws oo 305 3om 3025 30 30% 300 %0 02 04 05

m %18 010
decay channel ot

oo om
Mrt xr) AE"™ [GeV/e |

005 010

Figure: Some of the used input variables for the classifiers.
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The Belle Experiment

v

The Belle experiment is located at the
KEKB accelerator in Tsukuba, Japan

Data taking from 1999 to 2010

It is designed as a “B factory”

v

v

v

772 milion BB meson pairs

1200 e+e_ — T(4S) — BB
Belle logged luminosity

800

v

World record for integrated luminosity

/ Ldt =1 ab™"

600

400

Integrated Luminosity (fb!)

0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year
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Reconstruction of B — K*£T¢~

» Reconstructing B and BT modes
» Using muon and electron modes
» K*is reconstructed in (K*, 77), (K2, 7t) and (K, 70)

Electron Modes Muon Modes
» BY - K*(892)°ete » B — K*(892)°ut ™
» Bt — K*(892)Tete™ » BT — K*(892) Tt p~

Signal selection:
> Neural network (NN) classifier for all particles in the decay chain
> Final signal selection on four B meson NN

P NN cut optimization on 2D figure of merit separate for the lepton
flavor

Simon Wehle (Deutsches Elektronen-Synchrotron)
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