B Physics: New Physics and The Next Generation

Tom Browder (University of Hawaii)

Complex phases in the weak
interaction: V.4 and V., and
associated CPV asymmetries

Honolulu, HI USA

Excitement in Flavor Physics:
-Connections to the charged Higgs
-Rare B Decays + NP

Flavor Physics, The Next Generation:
Belle Il and the LHCb upgrade

Apologies: In the limited time, | cannot cover all the recent
results from BaBar, Belle, LHCb, CMS, ATLAS, Tevatron ...

| have borrowed slides from many excellent physicists and

will aim for the “big picture” but skip most details. 1
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Three Angles: (p,,@,,@,) or (B, a, y)

New Belle result
on B2>p*p

Unitarity implies that the
weak couplings and phases
form a triangle in the
complex plane.
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Recent LHCb results on
B-2>Dcp K™ | cPvinB,>D K

BO>W K ¥ K
BO->D("0 h?

Big Questions: Are determinations of angles consistent with
determinations of the sides of the triangle ? Are angle
determinations from loop and tree decays consistent ?




Time-dependent CP violation is
“A Double-Slit experiment” with particles and antiparticles

QM interference between two diagrams
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Measures the phase of V.4 or equivalently the phase of
B,—anti B, mixing.
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Measurement of sin(2¢,)/sin(2p) in B->Charmonium K° modes
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Overpowering evidence for CP violation (matter-antimatter
asymmetries). >>>>The phase of V,, is in good agreement with
Standard Model expectations. This is the phase of B, mixing.
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PRELIMINARY
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B factories: High precision
CPV measurement and a
calibration for NP.
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B factories: Check CP violation in b =2c [ubar d] processes

2015: First joint BaBar-Belle data analysis M. Rohrken et al

“Color-suppressed” B>D h 110 .
b - C 130 £ Combined Analysis of B — D)k + o — 41
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Combining Belle and BaBar datasets,
~1260 signal events, obtain a 5.40 CP
violation signal=»First observation
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sin(2PB,¢)=0.66+0.10(stat)+0.06(sys)

\F;haasea?: Conclusion: CP violation in b—>c ubar d modes is /
d 96 the same as in b—>c¢ cbhar s modes (e.g. B> J/y Ky) 7



Results from Global Fits to Data (CKMFitter Group)

Great progress on ¢, or y (first from B

factories and now in the last two

years from LHCb). These measure

the phase of V,, [CKM2014, K.
Trabelsi’s review: +7°]
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Similar results from UTFIT
as well from G. Eigen et al.
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But a 10-20% NP amplitude in B
mixing is perfectly compatible
with all current data.
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Although B factories can run on \ No phase expected from SM but

the Upsilon(5S), LHCb possible from NP particles
dominates here 9




Results on the phase of B.-anti B, mixing

(i.e. phase Of Vts) [use B 9]/L|J(p, J/len modes]
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Phase of
Vts

Recent Belle results
on B2 w K,
B2>n’ K
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New Physics Phases in
Penguin b—>s decays

yellow-orange patch
along the dark beak
~

_ yellow-orange
patch on each

yellow-orange —__ side of the head

patch high on
the their chest

second largest penguin,
reaching more than 3’ tall

"~ dark back,
white front

Shg
feet triangle-shaped tail
that helps them steer

No evidence for NP at
current level of sensitivity

LHCb is absent from
this game (lower K. eff
and flavor tagging eff)
but contributes in B
modes (Nakada’s talk)
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“Missing Energy” Decays

Tokyo Sky Tree

14



The BEH boson is now firmly
established by experimental
results from ATLAS and CMS.
Now planning for Higgs flavor
factory facilities
(e.g ILC, FCC, CEPC, H-LHC). e

D h P B _ BEYOND
oes t e§ ( rou.t THE GOD
Englert-Higgs particle) PARTICLE
have a “brother” i.e. the . mom@
charged Higgs ? ——vones runeares

CHRISTOPHER HILL

Y. Nambu, 1921-2015

i 4 1

Measurements at Belle Il and direct searches at hadron colliders take

complementary approaches to this important question. 15



B>tV

(Decay with Large Missing Energy)
b N

Sensitivity to new W
physics froma /] >
charged Higgs

vV

G2 f n? f
B(B+ _>T+I/T)_ FTnB ?2- (l T) fBH ‘ETB

ST mB I

W.S.Hou,. PRD 48, 2342 (1993) The B meson decay constant, determined by the B
wavefunction at the origin
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(|V,,| taken from indep. measurements.)



Consumer’s guide to charged Higgs

e Higgs doublet of type I (b, couples to upper (u-type) and
lower (d-type) generations. No fermions couple to ¢,)

* Higgs doublet of type Il (¢, couples to u type quarks, ¢
couples to d-type quarks, u and d couplings are
different; tan(B) = v,/vy) [favored NP scenario e.g.
MSSM, generic SUSY]

* Higgs doublet of type Il (not type | or type Il; anything
goes. “FCNC hell”->many FCNC signatures)

Thanks to Xerxes Tata



Why measuring B* =2z*v Is non-trivial

Most of the
sensitivity is
from tau modes
with 1-prongs.

The experimental signature is rather difficult:
B decays to a single charged track + nothing

(This may be hard at a hadron collider)

18



Example of a Missing Energy Decay (B=>T v ) in Data

Bt — D%t

(— Kn nt

™)
B~ — 7(— evb)v

The clean e+e- environment makes this possible
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Example: Belle B=>1tv results with full reprocessed data sample and
either hadronic or semileptonic tags (new arXiv: 1409.5269)

'H;_ Hadronic tags: 0.20??0.11.",,, e ‘..p-value’i_u
E'l[lﬂ:— 63+22.5 (30’) } 0.9
B 0.8
E‘ o b B 0.7
E ﬂ“- a 0.6
g soF background é o] il B
. i . 0.4
2f  signal S o
B |--!._T_1_-|--i'—h-—|-—'-—|. el e b v o Ly 0.05 — ]
o 02 04 08 08 1 12 i 02
. . B %l er 0.1
%9% " Semileptonic tags: 1] N T TR IO IO TOUT TOUT TN, B m P
700_ 0.50 0.55 0.60 0.65 0.70 0.75 0.80 085 090
222450 (3.80) sin 2B

600]
500}

400t

With the full B factory
statistics only “evidence”.
. | No single observation from
) _ either Belle or BaBar.

.0 0.5 1.0

Events / ( 0.05 GeV )

300}

200

The horizontal axis is the “Extra Calorimeter Energy”
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Complementarity of e+ e- factories and LHC

(Slide adapted from A. Bevan)

The current combined B—2>tu limit places a
stronger constraint than direct searches
from LHC exps. for the next few years.

100 T T T T [ T T T 1

| | excluded area hasCL>0.95 |

| LEP (direct)
80 [

B—Xs

60

tan B

40

20

0 500 1000 1500 2000

b I

m3 ?
rH = (1 — —thaHZ 5)

Mgy

Currently inclusive b to sy rules
out m,, below ~480 GeV/c? range
at 95% CL (independent of tanp),
M. Misiak et al.

http://arxiv.org/abs/1503.0178§1
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Slide adapted from A. Soffer



Example from a BaBar paper

Signals in B=>D) tv (489463, 888+63)

Missing mass variable:
rnmissz =pmi552=(p[e+e-]_ptag_pD(*)_pl)2

P|* = momentum of lepton in B rest frame

But wait !!! Now possible at LHCb.

Production of B meson pairs at threshold
is critical to the separation of
backgrounds from the missing energy/
momentum signal.

[Events/( 100 MeV) in insets]

Events/(025 GeV?)

ET+Dr7. EFNT, RF-D"Erw
EF -+ Drr. ET- DT, HBackground

FIG. 1. {Color online) Comparison of the data and the fit
projections for the four DM*F samples. The insets show the
le}| projections for m2,, > 1 GeV?, which excludes maost of
the normalization modes. In the background component, the
region above the dashed line corresponds to charge cross-feed,
and the region below comesponds to continuum and BH.
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Limits on type-1I 2HDM

s .[“5.

s 1
tang /mgy (GeV ™1

tan/ /myg+ =
0.44 +0.02 GeV !

tang/my+ =
0.75 + 0.04 QeV

[hemsity/{Ge V5

2HDM modifies fit-
variable distribution
and hence the efficiency

B — Drmv

02F

(=1
w
T

01f

E N
a ¥
mt . (GeVT)
s f —ar
g L — {fim, =03 GeV"*
E —— tfim, = 05 GeV™
| — iftim, = 1 0 GV
A I
osf
b o5 1

15 2
p:‘ (GeV)

Best point 1s tanf/m, = 0.45 GeV~1, excluded at 99.8% CL (3.1 o).

All other values (with m. > 15 GeV) are worse.
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BaBar collaboration, Phys. Rev. Lett. 109, 101802 (2012)

= 0.8F

+— theory

“However, the combination of R(D) mesement

0.4

and R(D*) excludes the type Il 2HDM o=

charged Higgs boson with a 99.8% Zodf
confidence level for any value of

tan(B)/m,,” 5 f;fn,..a;ﬂf;{eﬁ—ly S

Rl

In other words, found NP but killed the 2HDM NP model.




New Belle result May 25 2015, Nagoya FPCP T. Kuhr
with hadronic tags  http://xxx.lanl.gov/abs/1507.03233; submitted to Phys Rev D

Warning: color-coding different from BaBar

2 @ o5F
2 b mB-DH=v | 2 25 2 B D=ty
o Tk B Dv @ g B— Dt
Woask B— D*lv wr HB— Dtv
S B—s Dlv 200 w B D*lv
3 M5 D : B Dy
30F I other ther BG
F Il B— D**lv L -%—>r1)**lv
25f 150 u
20f k
15E 10:
10: 5:

0 02040608 1 12141618 2 2. 0 02040608 1 12141618 2 22
Il (GeV/c) Ip,"l (GeV/c)

Events

002040608 112141618 2 22 0 02040608 1 12141618 2 22
|pl‘v| (GeVic) |p:| (GeVic) 02 04 06 08 1 12 0 02 04 06 08 1 1.2

Eeo, (GEV) Eeo, (GEV)

ghcée‘i;gif:ﬂ°f$:m.ﬂfdj:;§;of;gs ]:‘;f ‘g‘ij_l’,“t':tsn::]:’, S,f?';’j,i‘?aémmm”]jf‘;“ﬁoﬁfbﬁ':fn j?}g‘;::‘;d.o’f?’“ of Misie > p1G. 5. Projections of the fit results and data points with statistical uncertainties in a signal enhanced region of M.
: P - Sop etk i top ‘ j : i : : 20GeV?/c! in the Egop, dimension. Top left: D¥4~; top right: D*+£~; bottom left: D~ bottom right: D¢,

Signal enhanced projections Signal enhanced projections of

of lepton momenta in the E.c. momenta in the high M?
high M?

miss
miss FEgIoN region 26


http://xxx.lanl.gov/abs/1507.03233

New Belle result
with hadronic tags

Compatible with both
BaBar and the 2HDM
model (and SM !).

Need more data and
more Belle analyses to
resolve the issue.

May 25 2015, Nagoya FPCP

http://xxx.lanl.gov/abs/1507.03233; submitted to Phys Rev

= D I —
T F f ::

ﬂ_E:— .......... 1.: .........

E | & theor. R !
']-B__- 111111 E r— 4 1:
- measured R f 5

0-TE 448 theor. R~ — R

ool measured R | £

05

04

'12:_ ..............................
D-1:_ ...............

G:I L1 1 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 I L1 11 | L1 11

0 01 0.2 0.3 0.4 05 0.6 0.7 08
SM tanﬁfmw{c:zfﬁe‘u’}

FIG. 8. Theoretical predictions with 1o error ranges for R
(red) and R® (blue) for different values of tan 8/m g+ in the
2ZHDM of type II. This analysis’ fit results for tan 5/mge =
0.5¢%/GeV and SM are shown with their 1o ranges as red
and blue bars with arbitrary width for better visibility.
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New LHCb result

Compatible with BaBar D*tu
BF (B> Dtu coming soon)

May 25 2015, Nagoya FPCP

3. B— D*7v (LHCB-PAPER-2015-025)

Signal fit

G0 g < 035 (GeV

- — e ; L3000
s 20000 B — D" -
= I B — DH{— kX)X -
;.E B — D" :‘_—_ 1 CXIKD
= B © — Dy =
= Combinatoric g
. A ¥ 5000
Mass resolution ! =
is poor but
vertex isolation - 2
is very powerful rrpm—e————
0.35 < g < 1260 (GeVY _
- : =
; = 3000
& - C
- = 2000
z £ 1a00F
. :
5 5

G. Ciezarek

0= g7 < 035 (GeVy

Tloon

1500 2000
E *

(Me%)

25010)

S 106N

9.35 = g® = 1260 (GeVF
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Apres Nagoya: New World Averages for R(D) and R(DY)

Now ~4¢0 from SM

R(D) R(D”) O e T T T T
= O Ry2=1,4,9,16
BaBar 0.440 +0.058 +0.042  0.332+0.024 + 0.018 0450 2 \\(‘;\\
Belle 0.37570 002 +£0.026  0.293700%9 +0.015 ‘i’*@—
o
LHCb 0.336 + 0.027 + 0.030 035 (* ~
Average 0.388 + 0.047 0.321 + 0.021 os\§ g
SM expectation 0.300 4+ 0.010 0.252 + 0.005 U_ESE —_— e~ 3
Belle Il, 50/ab +0.010 40.005 R e e e

[Thanks to M. Rotondo]

A few points:

(0) Need additional Belle results (e.g. semileptonic tags) and LHCb B>
DO tu result

(1) Still tension with NP from type Il charged Higgs

(2) It is obvious that we need two orders of magnitude of data to solve
these issues related to the charged Higgs.




Initial Belle 11 projections for charged Higgs sensitivity
| Exp. | Th. vyl improved by precise V , measurements.

| Now | Sab Now My naive estimation assuming o, ~1% :
AT 25% i S8 ~5% @Belle Il era
B = Dtv 30% 11% 4% 4%
B> Dtv 19% 7% 2% 2% My naive estimation Excl. at
BIXy 7% 5% 4% l—7% B 6o
50
4o
30
Now 5ab™ 50 ab? | 20

tanp

200 400 600 800 100 200 400 B0 800 1000 200 400 &00 800 1000
m, [GeV] m,; [GeV] m,, [GeV]
Yutaro Sato, R. Itoh Charged Higgs: A strong case

et al 30



Rare B Decays

J. Albrecht

31



LHC found the rarest B decay; B2 p+ p-

Standard Model

BF ~O( 107?)

Left handed couplings
-> helicity suppressed

_|_

b e.g. SUSY "
i Hl:i' [

Xi ST X

! .

-2
L
N. B. Here and in b=2>s I* |- all the heavy particles of the

SM enter as virtual particles in the Feynman diagrams 32



LHCb CMS

+ Update: full dataset: 3fb-’ OMS-L=51b" 15 =7 TeV, L =205 15 =8 ToV

=T
— Improved BDT o M pa
- Expected sensitivity: 5.00 S 12 i Bl
E, : ===+ pomitenatonal bikg
7 = 16 - = Y o L samikpbonic bhg
- _,3:: ,E 1ﬂj - peaking bkg
x % 14 LHCh g |
S R BDT=0.7 = __
— T R £ I | Significance:
g Significance: g o | \ 436
= 3 : W -0
-l _‘E f 4'05 E’E‘ ALl o _'f‘.if':: [e
~ 3 . n | e [
— “ 4 - = [+ ™. fl.'_.;::'_::- R
— " . 0 2 .:-:'-':.:.-:E::: : . .
IJ " 1 T 1 3 u*""'” il A .
0 - SE— 49 5 51 52 53 54 55 55 57 58 59
=z :
o

BR(B® = ) =(3.57)x107"°
BR(B’ — ') <11x10™ @95%CL

BR(B" = u 1) =(3.757)x107"
BR(B' = wu)<7x107° @95%CL

PRL 111 (2013) 101804
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P
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I|”H|HL'F|HFI!*
+/
*I+

e
=

M2
=

S/(S+B) weighted cand. / (40 MeV/c?)
=

CMS and LHCI:} (LHC run 1)

arX|v 1411 4413 +— Data

m—— Signal and background
[ 1B pw

—— B py

= = Combinatorial bkg.
===== Semileptonic bkg.

— = Peaking bkg.

B e s s e e ; :-«..* ........... 4
Ik L R T B R L ] |

2000 EEGD 5600 2800
m. - [MeV/ 02]

Published in Nature: June 4, 2015
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B(BS— pp™)
B(B®— ppu™)

(29+0.7) x 107°
SM: BR(B,) = (3.65+0.23) 10°

+ 1.6 —10 BR(B") = (1.1+0.1) 10°1¢
(3*6 —1.4) x 10 ? PRL 112 101801 (2014)

Combining evidence from two LHC experiments (LHCb and CMS), B.2>u* s
observed with 6.20 significance. The corresponding B, decay is not clearly seen yet.

b Y
Y >
> 1
53 532 534 536 538 54 542 5 04 02 0 0z 04
s i M, (GeVic) AE (GeV)
D. Dutta et al (Belle)
BF (B,~>yy) <3.1x10° Phys. Rev. D 91, 011101(R)

Complementarity [uses and requires Upsilon(5S) data] 35



Red Hot Flavor Physics




High Energy Physics History: finding
NP in Agg (using interference)

870 —u"u Crl:s>
10+ v~ 345 GeV ) ?;u_ Vs = 34.6 GeV
* OED + WEAK ! :5
lb 0.

\ QED+Z (Intfr.)
\ QED+Z (Total)

QED

.6 0
cosB

Conclusion: There Is a Z boson at higher energy
even though colliders of the time did not have
enough /s to produce it



AFB(|39K*|+|')(O|2)

Forward Backward

The SM forward-backward
asymmetry in b-2s I* |- arises
from the interference between y

and Z° contributions.

App(B — K*("t7) = =Cy0é(qg )[Rf( o)Fp + ]_( Pz}

Ali, Mannel, Morozumi, PLB273, 505 (1991)

W
Ay
W2
2

Note that all the heavy particles of the SM (W, Z, top) enter in
this decay.



More on Ax(B=>K'I*1)(g?)

Can in effect
vary Vs for NF

2l
2l

Az depends on q*= M4(I'l)

o | 1
App(B = K**7) = —C1p&(g?) [Rf-(c;j)a + —4";5]

(-

Ali, Mannel, zum', PLB273, 505 (1991)

The *“zero-crossing” of Acg depends only on a
ratio of form factors and is a clean observable.



B—>K*I | angular variables

angles
(a) #g and 6, definitions for the B? decay
figcn
: foutp
.
&
FL'“ m
N.B. Recent Prc (5
measurements include nt
¢ angle data

(¢) ¢ definition for the B” decay

From the 2013 LHCb
paper

K" and I* I helicity

Angle
between the
normals to
the two
decay planes.



B->K™I*l-(g%) bootcamp

Angular dependence

1 (T +T)
- = 5 — = F, is the longitudinal
@i@ d(I __|' ')/ dq d€ polarization fraction. .
é(EEl:d %(I—F[:)sin2 Y, +F, cos’ O,
ANg +l(1—FL)sin2 ¥, c0os20,
DO BOOTY mar s
CAMP 37 —F, cos’ ¥, cos20, + 8§, sin’ 0, sin’ ¥, cos2¢
+S§,sin29, sin21, cosP +
(-) means the _ +S sin? : :
term is only in [T + , SN2y, s, sig
_|.

Introduce P, 5 =S, s/sqrt[F _(1-F )] to
Thanks to Rahul Sinha reduce dependence on form factors



New LHCDb 3fb1 results on B 2K" u*u (g?)

Angular Asymmetries based on 2398157 signal events

N S
_ LHCb
05k preliminary b
++ SM from DHMV 1
0_ —— .
0.5F ] —}— .
: T
[ A B s SR RS
o 5 10 15

g2 [GeV?/c]

E
<

05 —
I 4 ——

0
B LHCb ]
i preliminary 1
05 Bl SM from ABSZ |

0 5 10 15
g2 [GeV¥ 4]

“The P measurements are only compatible with the SM
prediction at a level of 3.7c.....A mild tension can also be

seen in the Az distribution, where the measurements are

systematically <=1c below the SM prediction in the
region 1.1<g’< 6.0 GeV?”

Theory from http://arxiv.org/abs/1407.8526

Blank regions are the J/y and {’
vetos

Experiment from LHCb-CONF-2015-002



New LHCDb results on B 2K” u*u (g?)

Is HEP History repeating itself ? [make sure this is

not a tricky SM form factor effect.]

Why does NP appear first in this mode
(and not others) ?

Possible answer: All the heavy particles of the SM (t, W, 2)
and maybe NP (except the Higgs) appear here. Sensitive to NP
via interference (linear effects).




Theory issues on B 2K* u*u (g?)

“To better understand the compatibility of the data
with the SM a global analysis of the data, taking into
account correlations between observables is
necessary”’-LHCb conference paper.

=>» Check dependence on light-cone form factors (some checks

already done by Lattice QCD group, or fit form factors from data a
la Mandal and Sinha and check for consistency)

=>»Check binning effects (do an unbinned analysis of NP)
=> Can tails of large B> K* [c-cbar] R

produce the anomalies found in the
angular distributions ?




-0

B—2>K* |* |- form factor ratios determined
from data disagree with theory

R. Mandal, R.Sinha, arXiv 1506:04535

0 0.1 5975 0.98 GeV? o0 115¢$25 GeV? 2554254 GeW 02 454’6 GeV?
1 —_— -0.af -0 -03
3 _ W :0.3: '_{_' o :0:3 nf."_M ﬁ ,
12 11 -10 7pC|lU —08 -07 06  -13-12-11 711;;0.9 -08 -0.7 -06 TH1z 211 -10 7;.19 -08 -07 -06 “f11 10 70.99170.3 -07 -06
T Fsess GV * Ugsg's 25 GV AT R e G T e st G
s ] O e L Three form factors here
| “1 - + ™ q° range in GeV? Vi(g?) A1(d?) A12(q?)
R T -uap 7 s o5 %o os -u,ﬂp o oz oo Sb7 Cos -0s -ll)u o3 o2 o1 "Re Tos —Odp 0.1 E q2 E 0.98 [0.704 &+ 0.404(0.538 = 0.309(0.246 £+ 0.141
‘ : : : (0.810) (0.79¢) (1.270)
FIG. 1. (color online). The allowed region for Py versus Pz plane. The innermost yellow (lightest), the middle c 1.1 < q2 <925 10624+ 0.08110.384 + 0.05110.331 &+ 0.052
and outer most red (dark) contours represent 1o, 30 and 5o regions, respectively. The theoretically estime - - (2 480} (1 420] {D 720}
Ref. [7] for q* < 8 GeV? and Ref. [10] for q? > 11 GeV? are shown as points with error bars. In most cases, th . . -
agreement between the theoretical values and those obtained from data. However, for the ranges 0.1 < 2.5 < q2 <40 [0.318 +£0.185(0.204 =0.119(0.270 = 0.177
11.0 < g% <125 GeéV? and 15 < ¢2 < 17 GéV? there are significant disagreements. (U?’DJ} (DBQU] {1560}
4.0 < ¢*> < 6.0 [0.556 + 0.026|0.398 + 0.020|0.359 + 0.032
(1.420) (2.020) (1.280)
6.0 < ¢® <8.0 [0.597+0.017|0.437 £ 0.014|0.394 + 0.022
(0.830) (2.740) (2.180)
11.0 < g% < 12.5 |0.172 + 0.006|0.539 = 0.027|0.462 + 0.028
(5.650) (2.430) (2.820)
15.0 < ¢® < 17.0 [0.713 + 0.004 |0.638 + 0.026|0.505 + 0.016
(6.250) (3.360) (4.640)
17.0 < ¢* < 19.0 {1.936 + 0.007|0.678 = 0.025|0.498 + 0.014
(4.380) (3.820) (4.640)

TABLE 1. The form factor values obtained from fit to 3fb—1!
of LHCb data [4]. Round brackets indicate the standard devi-
ation between fitted values and theoretical estimates [7, 10].
We find significant discrepancies for several values, especially
for the large g° region.




B—2>K* |* |- form factor ratios determined from data are
inconsistent: violate HQET equalities at g°,_,

g° range in GeV? Up U

15<q® <17 |0.001+0.015[0.013-
17 < q® <19 |0.137+0.013| 0.002
15<q2 <19 |0.068+ 0.005|0.002-

TABLE II. The values of up, v and
to 3fb~! of LHChH data [4]. In large
equality up = u = u, is expected to h
charm loop contributions with negligik
value of u for the larger g* bin is unexj
any conclusions. Significant discrepanci
to be solely due to non-factorizable cl
are observed between the values of u .

Cannot recover by
adding resonances or
large non-perturbative
effects. But NP works.

R. Mandal, R.Sinha, arXiv 1506:04535 needed to close the case

0.4

— LHChH
Felation |

0o 5 1w 15

q.Z

FIG. 3. (color online). The mean values and 1o uncertainties
for Apg calculated using the ‘Relation’ (Eq. (17)) are shown
by vellow (light) bands. We emphasize that these bands are
derived using only experimentally measured observables and
do not depend on any theoretical input. The error bars in
red (dark) correspond to the experimentally measured central
values and errors in Agg for the respective ¢° bins. See text
for details.

Confirmation and more data is

46




~301 b—2>s I*l
signal events

Az (g?) for
1.0

“ID>

-

1

5

10
P [GeV?/c?]

15 20

Inclusive b=>s I |-

No form factors

Where is the zero
crossing ?

Precise result useful
for NP diagnosis

http://arxiv.org/abs/1402.7134

TABLE II. Fit results for the four ¢ bins. For Arg, the first uncertainty is statistical and the second uncertainty is systematic.
Arp values predicted by the SM [4, 7] are also shown with systematic uncertainties. For the signal yields, only statistical
uncertainties are shown. The uncertainties of @ and 7 are due to the statistical uncertainties of the MC.

1st bin 2nd bin 3rd bin 4th bin
o range [GeVZ /7] E(g N ;{;_i_)) 0.2,4.3] Ej;;ﬂ Hg;iéﬂ [14.3, 25.0]
Arn 0B31T024£002 001+031+005 028021001 028 £0.15L0.01
Arp (theory) —0.11 + 0.03 0.13 + 0.03 0.32 + 0.04 0.40 + 0.04
NZE 456+ 10.9 20.0+9.2 250+ 7.0 202406
N 43.4+9.2 23.0 + 10.4 30.7+0.9 62.8 + 10.4
et 1.289 + 0.004 1.139 + 0.003 1.063 + 0.003 1.121 + 0.003
ks 2.082 + 0.010 1.375 + 0.003 1.033 + 0.003 1.082 + 0.003
E 1.000 1.019 + 0.003 1.003 + 0.000 1.000




TABLE I: Projections for the statistical uncertainties on the B — K *)v& branching fractions.

Mode B [107%] Efficiency Ngackg. NSig—exp. NBacke.

[10—9] Belle Belle Belle I1

Nsig_exp. Statistical Total
Belle 711 fb~' 711 fb~1' 50 ab—! 50
Belle I 50 ab—!

ab—! error Error

Bt — Ktvi 3.98 5.68 21 3.5 2960 245 23% 24%
BY I{‘S}yﬁ 1.85 0.84 4 0.24 o610 22 110% 110%
BY —w K**vp 9.91 1.47 T 2.2 0985 158 21% 22%
B" — K*%wp 0.190 1.44 5 2.0 704 143 20% 22%
B — K*vv combined 15% 17%
" nor ]
. . . . g : O K Ml ato
Ans: Verify hint of lepton universality : | o e )
.\_;. - .-L. Ll L Ly =8 L9 |
breakdown at Belle Il (good electron eff) E \L I
=
: |
Control region gives Ry consistent with unity. 077000 5200 5400 5600
. . . miK*ere™) [MeV/ce?]
Interesting, low g< region gives: -
i 40F + LHCb i
o A=+0090, . N - jmf -l— P
RK —_— [}.?4:1_{}”?4 [ .ﬂ!ti.lt} J_ [}.{]36{5}' E"it}l % r}ﬂ; . - _.E_-I:::i:”.l
which is 2.60 from unity, 3o if BaBar included., 2
o

R. Aaij et al. (LHCb collab); PRL 113, 151601 (2014)

5000 5200 5400 S600
mi(K ¥ ere) [MeWic?)



2014 was the 50t anniversary of the discovery of CP violation in the
kaon sector [see http://pprc.gmul.ac.uk/research/50-years-cp-violation

The Next Generation

Belle Il and the LHCb upgrade

US P5 report (p. v): “Explore the unknown: new particles,
interactions, and physical principles”




Physics Reach of Belle Il and the LHCb upgrade

Ubservable Expected th. | Expected exp. Facility
oy e ACCUTACY uncertainty
Competition and —
. |Viia| [K — miv] ke 0.1% K factory
Complementa”ty [Via| [B — Xofu] = 1% Belle 11

= 4? =l 0 T 0 I L L LI II L L LI II L] I I L L L DL II L L L DL ! LB ! L L L L ! L L L L ! L L L L™
______ e TP | ___\\\ Belle Il Projection (April 2015) |
= - - | | | | -
U e —
= - -
2 10— —
c} =1 —
o) -
S, = -
_e_m 8 —_— =
— 56— —_
41— —
C = LHCb | | : :
21— -®=Belle(D70%dataY@®) |
_ —e— Belle (ID all data Y4S) -
0 -I | . | i | . | i L 11l i | | i | .| i | .| i | | i | I | i | . | i L1 1 I-
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year
HiK — emve)/ K — prv) e 0.1% K -factory
charm and 7
Bt — pvy) sk 3107 Belle 11
la/plo #rx 0.03 Belle 1T
arg(q/plp T 1.5° Belle 11
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Tofu Gelato ?
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Latgst SuperKEKB Luminosity Profile

Belle/KEKB recorded ~1000 fbt. Now change

80E-units on y-axis to ab

50
40
30
20
10

x103°

e N AR O 0O

2016 2018 2020 2022 2024

N.B. To realize this steep turn-on, requires close cooperation between Belle
Il and SuperKEKB [and international collaboration on the accelerator].

Also assumes full operation funding profile.



Compare the Parameters for KEKB and SuperKEKB

Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

B, (mm) 330/330 1200/1200 32/25
em o sas s 323
€, /g, (%) 1 0.85/0.64 0.27/0.24
o 19 om oosoon <
o, 0.052 0.129/0.090 0.09/0.081
amm 467 es
o (A) 2.6/1.1 1.64/1.19 3.6/2.6
Mo oS00 134 250
Luminosity (1034 cm2 s1) 1 2.11 80 _

Nano-beams are the key (vertical spot size is ¥50nm II)
This is not a typo



— 2015: Basic hardware (except
~ final focus) now in place

[t ) | | : 2 |
= o B s
R —QCAE —QICILE || = | QClRN—-_Q{I_ | qcznp---——w__. + LER

HE

S — |

New superconducting final
focusing magnets near the |

LR R

~

Redesign the lattice to reduce the

KEKB to SuperKEKB

emittance (replace short dipoles
with longer ones, increase wiggler
cycles) (all magnets installed 8/2014)

-
HhipHH

€ Nano-Beam scheme
extremely small 5,
low emittance

¥ Beam current X 2

Y A
v [, o LE R,
L:—L1+—*(J Ky,
2er, Oy \g‘:’ R,

40 times higher luminosity

Reinforce RF systemsfor
higher beam currents

2.1x10%* - 8x10°° cm?s! Improve monitors and control system

Replace beam pipes with TiN-
coated beam pipes with
antechambers (installed)

£ Copper Beam Pipe g e B .
With antechambers
\

Injector Linac upgrade

Upgrade positron capture section
DR tunnel ' Low emittance

RF electron gun

New e+ Damping Ring
constructed



Belle Il Detector

KL and muon detector:

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner 2
el layers)

EM Calorimeter:
Csl(T1), waveform sampling (barre
Pure Csl + waveform samp ‘

0
'O

fication
sation counter (barrel)
 Aerogel RICH (fwd)

electrons (7GeV) —

-
Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layefs

.

positrons (4GeV)

Central Drift Chamber s
He(50%):C2Hs(50%), small cells, long le
arm, fast electronics
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Barrel PID

A GEANT4 event display of a 2 GeV pion and kaon interactingin a
TOP quartz bar. (Japan, US, Slovenia, Italy)

Incoming
track

Vertexing/Inner Tracking

Beampipe r=10mm

DEPFET pixels (Germany, Czech Republic...)
Layer 1 r=14 mm
Layer 2 r=22 mm

DSSD (double sided silicon detectors) FWD/BWD
Layer 3 r=38 mm (Australia)/taly
Layer 4 r=80 mm (India)
Layer 5 r=115 mm (Austria)
Layer 6 r=140 mm (Japan)

+Poland, Korea 56



Belle I

=4Highlights of Belle II constructlon

sl
H1i

T . muw
T

B = s
L
(I sa il
LA

8T

SuperKEKB hardware is being finalized.

B

= A
B =il

T —

BEAST PHASE | beampipe mstalled

(a) CDC arriving at Tsukuba Hall; (b) first cosmics
with partly instrumented electronics (6 layers)



“Missing Energy Decay” in a Belle [l GEANT4 MC simulation
B2>1tv, 12evww B-2>Dn D2>Knnn

/

v 2
A g
W / /A /
/ A L 4 \
\
. ‘.\ .
el N i\ b\
N

A |

Zoomed view of
the vertex region
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Conclusion/Next Generation

e The e+ e- B factories confirmed that the KM phase is responsible
for most of the observed CPV [Physics Nobel Prize 2008]

* Nevertheless, 10-20% NP effects are consistent with all current
flavor data.

e LHCb has ruled out large CPV phases from NP in the B, sector.

e “Missing energy B decays” provide important high—mass
sensitivity to the charged Higgs in the multi-TeV range.

e LHC exps (CMS, LHCb) measured B, u*
e Angular anomalies in B2K'I*I" from LHCb with 3 fb!

* Flavor physics is exciting and fundamental. (Did we just find NP ?
Is the path for the future ?)

SuperKEKB commissioning starts in January. Belle Il Physics runs in
2018 and the LHCb upgrade in ~2020. These facilities will
inaugurate a new era of flavor physics and the study of CP violation.




Backup slides
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Updated projections for B>K(*) nu nubar modes

TABLE I: Projections for the statistical uncertainties on the B — K *)ui branching fractions.

Mode B [ll}":’] Efficiency Npackg. NSig—exp. NBackg. Nsig—exp. Statistical Total
Belle 711 b~ 1 711 fb~' 50 ab~! 50 ab~! error Error
[10—4]  Belle Belle Belle I Belle I 50 ab~!

Bt — K+tvi 3.08 5.68 21 3.5 2060 245 23% 24%
B® — Ko 1.85 0.84 4 0.24 560 22 110% 110%
Bt — K*+tvw 9.91 1.47 7 2.2 085 158 21% 22%,
BY — K*%p 9.19 1.44 5 2.0 704 143 20%, 22%
B — K*vi combined 15% 17%

[1] A. J. Buras, J. Girrbach-Noe, C. Nichoff and D. M. Straub, JHEP 1502, 184 (2015) [arXiv:1409.4557

[(hep-ph]].
[2] O. Lutz et al. [Belle Collaboration], Phys. Rev. D 87, no. 11, 111103 (2013) [arXiv:1303.3719 [hep-ex]].
[3] T. Kuhr, “B — h™*vi” | KEK-FF Workshop (2013).

P. Urquijo et al. 61
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Discussion Topic: What additional Theoretical Work is
required to determine whether NP is present in B decays ?

Participants: Wolfgang Altmannshofer, Christoph Bobeth, Jorge
Martin Camalich, Robert Fleischer, Zoltan Ligeti, Rahul Sinha

Nagoya
FPCP15
roundtable

i £

“ukai” Cormorant Fishing on the Nagara River during the Edo Period



.(Pﬂ- Discussed in Nakada-san’s talk

COLE POUYTECHM IGUE

Upgraded LHCD detector

Tracking System: Calorimetry "y .
¢4 |/ /NEW DETECTORS! Lonsystem -\ N\ 4
_ M4 M5 Bmfﬁ
12

i M3
ore \ \
T3 RICH? alCAL -

Muon system:
| \y 5l Remove M1.
----- - 11 NEW READ-OUT BOARDS!

Vertex \
Locator ~ 15 mrad: >
4 - I \__ , -..\\ Y : )-
\.x‘-.\_ " \xl:'\

........ . \:\x.. ™ -..\i- P

Calorimeters: NNV

WY Remove SPD/PS — no LO trigger.
= e Operate PMTs at lower gain
: b Nz NEW READ-OUT!

Ring Imaging Cherenkov detectors: i' I E— - L
Remove aerogel from RICH1+modify optical system. i -
NEW PHOTON DETECTORS AND READ-OUT!

~ ¥
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LHCb Upgrade: Key Feature is Trigger-less readout

20 MHz = Trigger-less read-out.
= Zero suppression in front-ends.
l = Full detector data to Full Software Trigger.

» |nelastic collision rate is 30 MHz.
Full Software Trigger

LLT (optional)
pr ot h,p, e,y

l 15 to 30 MHz

. L] '
Full track reconstruction Full event reconstruchup |
=  Run-by-run detector calibration.

il to 2 MHz

Track fit -
RICH particle ID

Inclusive and exclusive selections

20 to 100kHz = 210 GBytes/s to storage.

Perform simplified Kalman track fit.
= Add RICH information.

®» |nclusive and exclusive selections.
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LHCb upgrade timeline

Run at ~4 x 1032 /cm? /sec Expect (1-2) x 10% /cm? /sec
LHCb collect 5-7 fb1 collect 15 fb1

e e e s E s S I R

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

LHC LS1 LHC Run Il LHCLSZ ~ LHCRunil
« ppruns 13 TeV @25 ns « ppruns 14 TeV @25 ns
LHC LS3
HL-LHC

= Collect 50 fb* after upgrade.
® Continue taking data during HL-LHC.

Upgraded trigger and DAQ is the key feature

Discussed in Nakada-san’s talk
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NP Fits

Descotes-Genon, Matias, JV 1307.5683

Altmannshofer, Straub 1503.06199

T T D.ﬁ:' : | : -
4_- W e CL i i
| O sssecL | ST ___________________________ R
s [ sem%el -
2k i Includes Low Reooil data X
[ [ comby 11,61 bins -0.5F 7]
% i
(=2
5 O O -10f ]
9 .!lj L
| i I
—2t i -1.5¢ .
- -2.0f i
—4l . i :
|....|....|....-....|....|....| —E.E_quuulu |i| L A
~0.15-0.10 —005 000 005 0.10 015 02 —01 0.0 0.1 0.2

C{;’F
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D

O

Belle ll@Tsukuba Hall, KEK Belle I

—== W A T
% L E.IF-' 2 ﬂl
.ll‘. -

Belle Il detector with barrel KLM upgrade as well as forward and
backward muon endcap upgrades now installed.
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Belle Il Schedule (Zoom-in on
operations)

[1] 2] 3] 4] 5] 6] 7]8]9l1d1d1d 1] 2[ 3] 4|5] 6] 7] 8] 9l1d111A 1] 2| 3] 4] 5] 6] 7] 8]9l1d111d 1] 2[ 3] 4]5]6] 7] 8] 9]1d1l1F 1] 2] 3

Summer Summer Pha: Summer Phase 2 Summer Physics
Global Operation Shutdowr Phase 1 (5mo)  Shutdowr 2  Shutdowr (5mo) Shutdowr Run
maechine time per JFY 2.5 s — 5
Belle roll-out/in 1]

When do we start Belle Il ?

BEAST PHASE I: Starts in Jan 2016
BEAST PHASE II: Starts ~May 2017 [some

limited physics without vertex detectors]
Physics Running: Fall 2018
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New Reference for the Next Generation

The Physics of the B Factories
http://arxiv.org/abs/1406.6311

This work is on the Physics of the B Factories. Part A of this book
contains a brief description of the SLAC and KEK B Factories as
well as their detectors, BaBar and Belle, and data taking related
issues. Part B discusses tools and methods used by the
experiments in order to obtain results. The results themselves
can be found in Part C.

Comments: 928 pages

Subjects: High Energy Physics - Experiment (hep-ex); High

Energy Physics - Phenomenology (hep-ph)
Report number: SLAC-PUB-15968, KEK Preprint 2014-3



4, 100~ T ' | = <, F T ' T =
~ i I_,HCI] . | ~ L LHCI] ) i
% preliminary % - prelimmary -
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% 50 . % 4001 7
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Figure 3: Invariant mass m(K o~ ptp™) for (left) the control decay B — J/ K*? and (right)
the signal decay B" — K*'u*pu~, integrated over the full ¢% range. The B" -+ K*%u*u~ signal
yvield integrated over ¢° is determined to be 2398 + 57. Overlaid are the projections of the total
fitted distribution (black line) and its different components. The signal is shown by the blue
component and the background is shown by the red hatched component.
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Efficiency at low g for Belle Il ?
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Figure 2: Angular efficiency in cosfy, cosflx and ¢, as determined from a principal moment
analysis of simulated three-body B® — K*®u*u— phase-space decays. The efficiency is shown for
the regions 0.1 < ¢* < 0.98 GeV?/c* (black solid line) and 18.0 < ¢* < 19.0 GeV?/c* (red dashed
line). The histograms indicate the distribution of simulated three-body B°— K*®u*u~ phase-
space decays used to determine the acceptance. The absolute normalisation of the dsitributions

is arbitrary.

How important are the di-electron modes that Belle |l
does well ? (see the effect of the photon pole more
clearly; NP from right handed currents ??)




Current world average

B(BT = rTu.)=(1.14 +0.27) x 104

B-faclturi?s

|

Bedle, ladrombe fa: 0,72 +0,11

e
Belle, semileptonlc 1ag: 1.547 _'_"iu
&
Belle. combimeds 0.5 « (.20
i

World average: 1.15 = 0.23

... eem | ., |

00.5 1 15 2 Z.:T-l
B(B—=1v)[10%]

New Belle result (semileptonic tags)

B(Bt — 7)) = [1.25 £0.28(stat.) + 0.27(syst.)] x 10~*
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B factories: Check CP violation in b =2c [ubar d] processes

2015: First joint BaBar-Belle data analysis M. Rohrken et al

“Color-suppressed” B>D h

b o
i
B[]
d
h.”
d - d

where D%is a CP eigenstate and h°=n°, n, w

Combining Belle and BaBar datasets,
~1260 signal events, obtain a 5.40 CP
violation signal=»First observation

sin(2PB,¢)=0.66+0.10(stat)+0.06(sys)

Phase of
V,4again

Events /1 ps
5

Raw a:
|
[=]
oo

(a) BaBaR i = +1 4B Tag
+BY Tag

0
D8E

4 6 8-8 -6-4-20 2 4 6 8§

At (ps)

Conclusion: CP violation in b—>c ubar d modes is /
the same as in b—>c cbhar s modes (e.g. B> J/y Ko) 75



More backup
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T mirror

B° It J. Bernabeu and F. Martinez-

Y(45) .< Vidal, published in RMP 87,
X 165 (2015)
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FIG. 11. Foundations of the time-reversal experiment. Electron-positron collisions at the asymmetric B factory
produce T(45) resonances, each of which decays through strong interaction in an entangled pair of B mesons. When
one B meson decays at t;, the identity of the other is “tagged” without measuring it specifically. In the top panel,
the B meson observed to decay to the final state £*X at ¢, transfers information to the (still living) partner meson
and dictates that it is in a B? state. This surviving meson tagged as B? is observed later at ., encapsulating a time
ordering, to decay into a final state J/i» K? that filters the B meson to be in a B, state, a linear combination of B
and BY states. This case corresponds to a transition B? — B.. To study time reversal we have to compare the rate
at which this transition occurs to the rate of the time-reversed transition, B, — B” (bottom panel). Adapted from®.



But LHCb dominates
on these B, modes

Bs=@@ - Tim
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e-Depe Results
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Projections are s-weighted and include acceptances,
Decay time acceptance from Bs—Dsr1 data,
Angular acceptance from simulated events.
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R 3

= Signal model

We use the same notations as LHCb [arXiv:1304.2600]:

d*r(Bs(t))

dOdt

10
= X(©,a,t) = > Oj(a, t).gi(O),
i=1

1 1
Oi(a, t) = Nje 'st [3; cosh[iﬁrst} + by sinh{Eﬂ.rst]+c; cos(A mst)+d; sin{ Ams t]}

I gilfr,vT, o7) Ni a; bj Ci dj
1 | 2cos® (1 — sin® O cos® ¢ 1) |Ap(0)]? 1 D C -5
2 sin® (1 — sin® B sin® ¢7) A ()] 1 D C -5
3 sin® v sin® f1 |A | (0)]? 1 -D C S
4 — sin® 1 sin 201 sin 1 |A|| (0)A; (0)] | Csin(6, — 1) Scos(d; — 6”] sin(6, — 5”] Dcos(6 | — 5”]
5 v_% sin 29 7 sin® @1 sin 2¢ |AU[U}A” (0)] cos(ﬁn — dp) Dcos[ﬁ” — &p) Ccos{ﬁn — 8g) | =5 cos[ﬁ” — &g
6 V—% sin 297 sin 201 sin o 1 |Ag(0)A | (0)| | Csin(6; — dp)| Scos(6; — dg) | sin(6d; — dg) | Deos(d; — dgp)
7 2(1 —sin® 07 cos® ¢ 1) |As(0)]? 1 —D C s
8 % 6 sin Y sin” O sin 2 |AE[U}A” (0)] Cc-us[ﬁ” — 8s) | Ssin(8) — ds) cos(8)| — dg) Dsin(8) — dg)
9 %ﬁsin 1)1 sin 201 cos b |Ag(0)A | (0)] | sin(6;, — ds) |—Dsin(éd, — dg)|Csin(d; —dg)| Ssin(d;, — dg)
10| 3v/3cos1hr(1 — sin” O7 cos® ¢1) | |As(0)Ag(0)| | Ccos(dg — ds) | Ssin(dg — ds) | cos(dg — 6s) | Dsin(5p — ds)

c_ 1— |A]2 _ 2|A|sin ¢ _ 2| cos¢s

1+ A2 1+ A2 1+ |22

|| includes possible contribution from CP violation in direct decay, we assume |A| = 1 and we assign a systematics.

ATs > 0: we use previous LHCb results. o physics parameters (Als, ¢s, cT, |r"-'l|j|2, lA5|2, |A:j_|, 5”, sy ,481)

G. Fedi

(Uni



CKMFitter with LHCb sin(2pB) included
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90% C .L. upper limits for LFV T decays

Tau Lepton Flavor Violation

Several processes: T Ly, T /L, 1 ﬁﬂ p T LY
Np, s, v, PP,..

HFAG-Tau
N N S i Inh BNV
10° 5
' o.““ ‘et v, *
. o? . * s 0
. ...“c L
0% o
v
A\ "' ' L
Y A
SR o v T T + CLEO
10 o S, v v BaBar
by T s A, + Belle
v, MyTaa 4 g 1 17 b LAy, o * LHCb
ot T i T A HFAG CLs
A i :‘
10° :
H NI RN IR N
EERFFE R AR M P 88 0010 s ke e KA R kY e <k<kiz
“w‘”iﬂ’iwi Fo'2'v1'9s" i“’iw*:fﬁb%‘k*g*gﬂwx o bl ® Y
“’iwiwiwiwim:l.mimiﬂmfnm =i

Belle Il will push many limits below
10 ; LHCb has very limited
capabilities.

Example of the decay
topology
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Efficiency at low g for Belle Il ?
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Figure 2: Angular efficiency in cosfy, cosflx and ¢, as determined from a principal moment
analysis of simulated three-body B® — K*®u*u— phase-space decays. The efficiency is shown for
the regions 0.1 < ¢* < 0.98 GeV?/c* (black solid line) and 18.0 < ¢* < 19.0 GeV?/c* (red dashed
line). The histograms indicate the distribution of simulated three-body B°— K*®u*u~ phase-
space decays used to determine the acceptance. The absolute normalisation of the dsitributions

is arbitrary.

How important are the di-electron modes that Belle |l
does well ? (see the effect of the photon pole more
clearly; NP from right handed currents ??)




SuperKEKB complex
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