Recent Flavor Physics results
from e*e Colliders

Gabriele Simi
Universita di Padova

IFAE — Cagliari 3-5/4/2013



Outline

e Belle

- B->T1TV

e BaBar

- CPV in mixing from B-D*]v partial
reconstruction

— First observation of time reversal violation
» Perspectives
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Presented by M.Huschle at Moriond 2012

Motivation

| GiZmpm2 [ m? ; .
['(B* — £Ti) = F8~r ‘ (1 g m;) f8|Van|?
i B
m helicity-suppressed: 5 A
(Bt = etv.) < (BT = pty,) < H‘\‘f \Y 4
I'(Bt — 7tu;) B % fafﬁmf\
m very clean place to measure fg (or V,,;,?) ,/ I/VJr \
and/or search for new physics (e.g. H™, LQ) u Ve

m charged boson may take the role of the W
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Previous measurement

» e.g. HT of 2-Higgs doublet model (type I1)°:
B(B+ — T+I/T) = Bsm(B+ = T+I/T) X TH

rg = [1 — (mp/mj;) tan? 5]2

EeX/M ) CKM fit w/o BR(B —> 1 v)
"= e Measurements (WA)

discrepancy
by 2.80

BR(B — )

i

w1l
rrrrr 1 rr oo rrr.rprrr1t [ 11 171

_ Direct Meas. (£10)

BR(B — Tv}-x 10° ST ;in 2:;1 N
®  W.S. Hou, PRD 48, 2342 (1993)
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Reconstructign

5 A U, e, M, etc.
: '\,\\X Y(45) ; 7

o @ - ® - 3
x\

Tag et Signal
w 2-3 neutrinos in the final state
w full reconstruction tagging (hadronic)
§ ol
g m_ /\*I'JI | New tag on full data A
e | (reprocessed) x 1.8 (data increase)
E m_ |'If_ r/f New tag on pre:iuus data A
= .'r" ‘jﬂf x 1.7 (tag improvement)
""E _//‘ | | Classical tag on previous data _ )
- it e Purity also improved.
........................... ialh i -t.

_ X3 Biag sample size
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Signal Extraction

» Signal 7 modes: 7t — et v .U, utv, U, U, pTT;

m 2D flttlng to EECL &
- improve sensitivity by ~ 20%
- more robust against peaking backgrounds in Egcr,
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previous analyses
(EEcL only)

Evants ¢ 0.05 GV
Eé

" Belle, PRD82.
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w The fitting variables

Signal combined
A MC
All Background

The most powerful
separation variable!
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Results

m Simultaneous fit to different 7 decay modes
Figures below shown for the sum of different 7 decay modes

120 -
C —_ 25
2 1ot g
g r S 200
12 80 8 C
S e} {3 = F
g aof"" background E 10
Y sr  signal 5
u: .l--.I-T'T"."F'u--l--.----..-l.-..-;.-..-L FUSTRURTE B n_ il ulriniry ".'-.'-.--.---.-T-.--.---.--.-.--.---.--.-.--.-
0 0.2 0.4 0.6 D8 1 1.2 0 5 10 15 20 25 30
EecL [GeV] Mmiss? [GeVZ/c4]
(Projection for all Mui::2 region.) (Projection for EgcL < 0.2 GeV)
m Signal yield: 621%3 + 6 significance = 3.0c incl. systematic error

m B(BT =717, = (U.TQJFB:%E +0.11) x 10™* arXiv:1208.4678, to appear in PRL
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m consistency over all 7 decay modes

Results

Belle Preliminary (stat. errors only)

ICHEP 2012

T— Vv

u . 5 2-!-'0',72

-0.62

T — IV

0.70
0.5?*:059

T — uvy

0.63
1.06%; 5

T —= vy
0.68*2%3

Combined Fit

+0.27
0.72 -0.25
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2 3
B(B — tv)x 10°

Sub-mode Ngg (10°7) B (10 7%)

T - e Vevr 1675 3.0 0685
T - WU 26557 31 106508
Tomve 85 18 057
T > n vy 14777 34 052002
' +23 +0.27
Combined 6275, 112 0.722,3;
0.30 P . E—value;_ﬁ
: 1 [Hos
0.25 — b
- 7 0.8
E n.m:— B 0.7
rooE WA (early 2012) 1 [Blos
m 015 |- E os
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m e Belle S .
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CPV in mixing from B—D*lv
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CPV in B° Mixing

o« o — . e b W q b ? q
Mixing B°B° originates %% 5 ==
. I- & - v t Wé g
from box diagram U Y A R qg , stz b

_ Prob(éoéBO, t)— Prob (Bo_)éo, t)

N Prob(éo—)BO,t)+Pr0b(BO > B, t)
In Y4S decays B produced in entangled state (B°B°-B°B°)

CP

A, measured experimentally as

N =N ) _1-lglpl'_ [T
N(IFIVN(TT)  1+lgl plt | M)

SM pre iction VEry small (Lenz, Nierste, arXiv:1102.4274 (2011))

sin®~2(1—|g/ pl|)

SL

- B A? =(-41:0.6)10" ®=-4.3°14% B: A =(1.9:0.3)10° ® =0.22%+0.06"

d

Hadron colliders measure a combination of B°, and B°_predicted to be

- A =C,AY +CAs =A’ =(-0.028+/-0.006)%
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CPV in B° m1X1ng

0.0 M
. HFAG average of Y(4S) results =z [P0 dimuon] N
(arXiv:1207.1158v1 (2011)): A I
|g/p|,=1.0002:0.0028 0
- A?_=(-0.05:0.56)% = ~
) VN2 e - == - _ -l -
- In agreement with SM | DO D"y, Dsp,10.4 m"& |
| CKM 2012 : i
« DO result on charge Asymmetry : e
of like-sign dimuons differs by -0-04 - HFAG
3.9 ¢ from SM expectation (Phys. T
Rev. D 84, 052007 (2011)): -0.04 -0.02 0 i
A’ =(-0.787+0.172+0.093)% oo |

-0.01

-0.02
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Analysis Method

e Partial reconstruction of
B-D*lv + new approach

- Tag the flavor using Kaon

AZ
- b->K- + b->c->K- <
— b->D->K+ g
N({"K')-N("K) K
Ag = F— - -
N(IPK)+N(I"K™) B
» Signal extraction from fit to m—c M2

CP-eigenstates

M - = (Ebe&m - ED* — EE)Q o (ﬁD* -|-ﬁ::f)2 Bm;_- Other Peaking

Di*

sk ﬁm_—- BB combinatorial
e D* 4-momentum from m_. .
kinematics
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« Equal charge kaons from the
reco side mimicking a mixed
event can be distinguished using

Az and the angle 6, between the AZ
lepton and the kaon <
B a
« Information exploited to -
disentangle detector asymmetry
from physical asymmetry K+
without relying on different BO
control samples Single lepton  Arec + Asl*x_ Arec
* Arec=lmreco asymm Kaon from  Arec + Atag(P,)  Arec +
tag side 4 Ag| Atag(P )

« Atag=Kreco asymm

Kaon from Arec + Atag(P )  Arec +
rec side +AsY, Atag(P)
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Results

102 Fit projections: 3
e Asymmetry parameters: - : o)

e fmegsee T J[TKT L I 'K~ {g'J
B ABAR preliminary o E e B : 3
i ADAR 5
o — +0.36 1wee | prn?l inary g E
- . -3 2000 - (@) @
1000 [ - - AR _ :: “ E_
0.02 S . . . %0 | minary S E
o 9.0 {;}I‘I_‘l]llﬁn, 5 - W =10 <8 D 5 "'1'&‘{ E.

008 | . II

s o !_I..'—.'ilﬂh.#.lﬂm_,.-uwﬁ.w.;!.l. 1T |+ T

0 2 20 HC L ) £ -o0s |1 Asymmetry
DO Dsp, 5.0 fb R
-0.02 | =
L 15 ) = -
A S o | Cons?stent w!th HFAG average
BABAR preliminary el | » Consistent with SM expectations
-0.04 A — » Single most precise measurement
- - 1 » EXpect more results from Belle &
-0.04 -0.02 0 0.02 LHCb

al, y
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Time Reversal Violation
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Time reversal violation and CPT

» CP violation 1s observed in B and K mesons decays
« No violation of CPT is observed

» CPT 1s also a fundamental requirement of
quantum field theories

» To conserve CPT, CP violation requires T violation

» In B decays CP violation is large, can we measure
a large T violation?
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CP Violation

» CP violation was measured precisely using
b->ccs transitions

5 3 |B“—*waKs CP= —1| Bo—JpKr CP=+1

y & a) -

E :ib$ awoo} B> WK 5

_§ = 2 B’— q;(zs}Kg <

g = B"— % K 2

g é % wol B— ﬂch :—:}

& El> 3

E Bdﬂ;_ : (cj_; .

S 200 ;"E,] e n;=+1 = 52 522 S24 526 528

% & f— B tags "“3'.,{ _E Mg (GeVicd)

F; u45 __ AR e e E—m!lf’rﬂu

£ oo Ty W: g+(Af) = ——{(1 ¥ Aw) = (1 — 2w)

E&. l]z ;}_/,—LK’% :—:;f,..; 4TB‘]

5 ﬂil % : X [8;sin(AmyAt) — Crcos(Am,Ar)]}
B 5 0 5 . b P
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M.C Banuls, J. Bernabéu, Phys. Lett. B 464, 117 (1999)

Time reversal | (m-5)

| JApK1i with 1+ tag
At>0

Flavor entanglement
li>=[B(t,)B(t,)-B(t,)B(t,))/2

e+

-
Y4S
<f;:f£ﬁLm B0 o~ CP=+1=B+
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M.C Banuls, J. Bernabéu, Phys. Lett. B 464, 117 (1999)

Time reversal

Flavor entanglement
li>=[B(t,)B(t,)-B(t,)B(t,))/2

| [EU — BJJ

| JApK1i with 1+ tag
At>0
e+ -
Y4S
Az=BycAt
<Az>=250um

T-conjugate
transitions!
B+ < 7
CP entanglement
| i>=[B,(t,)B(t,)-B(t,)B,(t,)]/V2

e+ =
Y4S

[B+ — Eﬂ]

1- with JAp KO tag

4/4/2013

At<(
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From R.De Sangro ICHEP 2012

Reference (X,Y) T-Transformed
B’ — JB-|— (f-’J/?][JKE) B—|— — B° (J/@[)ngf_{_)
B = B_ (¢=,Jf$K%) B_— B° (JJYKS,e*)
T B - B, (¢, J/YK® By — B° (J/WKS ) ~--and
\E% B_ (¢t,J/yK9) B_ — B (J/YKY ¢) similar for
(X,Y) is the reconstructed final states (tag, reco.) CP: CPT

In total we can build:
* 4 independent T comparisons
* 4 independent CP comparisons
* 4 independent CPT comparisons

T implies comparison of:
I) Opposite At sign i - I\ go : —0 BY s B
2) Different reco states (Ks v. wKi) (i BB |\ BBy By =B / \ I

3) Opposite flavor states (B? v. B?) i‘xk_ /’ I'-\
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Fit Parameters

8 Signal PDFs (assuming Al'=0):

= ~T|7| + o +  Mistag dilutes the S,
ﬂu,ﬁ(’?‘) x e 1T {1 + Sa. sin(Amgt) + Cas {:{Jﬁ(A'fn,dT)} | Cpammetersbya

factor of (1-2w)

o« £ {Bn, ED}; ; reference processes/parameters
i :"'"""': """"" \I ;

,8 - {Kg, KE} |I|I | - II‘.. + 1 rl.l."

| _, - | I"'. ! +
T=2At>0 B R AR H

| B°=By | 1B B || \B>B ! B - B9 o

| L YTy Yeeee-a- R R ’ :

For T Violation "*\ € CP Tj /f \\ E CPT~>

in the interference AS+#0, AS+ #0

in the decay AC*#0, ACT #0 | I vvvvvvvv CP CP T
\ /  Z % N |
\l'"x ASE AS&P f'f II. &S;P &S{}-L_ Ilu'll

\B° = B, Bi—B"/ || B°-B- BB || ,_
\ / H / ¢
\\ /"/ "g ,-’;
\ ) Hﬁ/ \ - - j/j
T/ K° J /YK JYK?
\ W
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Time Reversal Results

SM Expected
AST =S, ko — Spi ko =—1.37+014+0.06 -2sin(2p)
AS7 = Sr;_ k9 ~ Ser gy = 1L1T+0.18£0.11  2sin(2p)
ACr =G, o = Cpi go= 010+0.14+0.08 o
ACr = C yo = Cpi xo= 004014008
-0.5-----T conserved
-——Best fit —4—
0 2 4 6 8
L At(ps) _ . Large significance for T violation:
- I H N R
pe 0.33 o 51gu1fimure Q 40 sngmﬂgance
'Ed . ] ,-' . - -.l.-\-"'\-\._‘
05 0.5 95%-._ SN s '/ 5% N
_ [ 8% ' | |/ 68% N\
; ; (n“) IiDT \ {‘ﬂ' T 1& )
0.5 ] ﬂolatmn N g
0.5 - i \\\ .
CPT conserved : “ -
-1 ) =]
-1 0 1 -1
ASger ! ’ AS:
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Perspective
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Taking BaBar and Belle one step
further

 Why is the weak scale and the Higgs mass so different
from the Planck mass ?

« Quantum stabilization of the EW scale suggests that new
physics (new particles) is expected at a scale of 1TeV

« One approach is to increase the energy frontier and
produce directly the new particles

« A complementary approach is to study the flavor sector
with increased precision to measure “virtual” effects
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NP sensitive processes

[y e : :
e CP violation in b->s g0 3 (k0 N

penguin
e B->sy

e B->1V

o T-> Uy, 11l

* D decays: CP Violation ;

In charm sector
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The B-recoil method

¢ A technique already used at the B factories

exploit clean environment at e+e_ collider and
quantum correlation of Y(45)—-BB

¢ Fully reconstruct one the two B's In hadronic
modes
e Obtain a high purnty B beam on the opposite side

(almost) completely eliminate continuum .
background ~—

B tracks already assigned
« much reduced combinatorics in recoil

known Kinematics, charge and flavour

e Unique tool to study rare decays and channels
with missing energy
few per mille efficiency
trade loss in statistics with reduction in systematics

perfect tool for SuperB: = 107 recoil Bs in 10ab-’
V Bty BoKwe, b—sy ..

ukt
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v SuperbB

has no handle on B, time-
dependent measurements

Is much better in modes with
neutrals

has no competition in channels
with missing energy

v Programs are largely
complementary

4/4/2013

Belle II vs LHCb

SuperB (3 years, 50 ab-!) and LHCb (5 year, 10 fb1) \
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Accelerator

« After cancellation of the SuperB project the future for an e+e-
accelerator in Italy is not well defined. A workshop on a tau-charm
factory will be held in May

« The Belle II project is going forward according to the schedule

g\‘ 70¢
= - g0 Goal of Belle II/SuperKEKB
2 50f
5:.; 40F- -Plan to reach 50 ab-1
22 by end of 2022
o E
L 20
= o
10— 9 months/year
: i | ( 20 dayslmfmth
35 OF ' — - ' I '
Damping ring for low :10 8 Commissioning starts
emittance positron = 6 in-early 2015. ;
injection 9= g+ ,p Shutdown Data-taking: /
\ ¥ S frorupgrade  oct.2016 /
- w8 =F =
b o e b e Y o e o
i e M2 2014 2016 2018 2020 2022
Calendar Year
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Conclusions

« New approach to measure CP Violation in mixing. Most precise
measurement of |q/p| consistent with SM

e First direct observation of Time Reversal violation. Results are
consistent with expectation from CP violation and CPT
conservation

e New B—-1v result consistent with the CKM fit

 Perspective for high precision measurements complementary
to high energy frontier and to LHCb
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