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Photon polarization

Radiative B decays, with b — s y transitions, dominated by loop (penguin) diagrams
New physics could enter at same order (1-loop) as Standard Model

Standard Model makes definite prediction of photon helicity
(D. Atwood et al., Phys. Rev. Lea. 79, 185 (1997)).
@ B° - X vy,

s B - XY,

If a helicity flip occurs, the photon will also flip its helicity, producing B® —» X_y,
@ Rate ~m/m_ at the leading contribution (P. Ball and R. Zwicky, Phys. Lea. B 642, 478 (2006))
@ Corrections can increase this value

No common final state for B® and B°
@ Suppression of asymmetry S due to interference between B° mixing and decay diagrams

(TD CP asymmetry)

M

SM = —sin 201 — 2+ O(ay)] + SM#79

my

C < 0.01 (direct CP violation) (Greub at al., Nucl. Phys B 434, 39 (1995))
@ TD CP asymmetry measurements give an indirect measurement of photon polarization

MIAPP Luigi Li Gioi



Time dependent measurements

25
| T(1S) o
9P @ Y(4S) is the first resonance just above the BB
7 | T(25) production threshold
% s [ @ Only BB pairs are produced, and are at rest in the
T | }
T ol L 1s) Y(4S) frame
| [ +
% 5:_ . B T(4S)
i . Eontinuum baczground
8.44 9.I46 18.0010.02 J’10.‘34 10137 ”10:54 10158 10.62 |
e'e” Center-of-Mass Energy [GeV] B /
tag
Az Y (4s) )

€+
K—|—
At= ; T
Pyc € ’\%& e’ T ur

Bpf/s/v 0 T

Resolution on et e

At will be v anti 8 |\ <

dominated by e:’«-‘*oc - 4,| 5 T

the resolution ° A 7
of the tagging | I
side vertex Coherent B meson Belle ~ 200 um
pair production Belle Il ~ 130 um
e—|At /750

At probability parametrization P(At, q) = [1 +q (A(,vp cos AmgAt + Sc p sin Am EgAIL)]

4?’}30
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0 0 Ny Lo
B — KS JU y . Bel I e BELLE
Phys. Rev. D 74, 111104(R) (2006)
AE':E’B_E'beam Mbc:\/Ebeam_PB
50} S 2F (b
%“ (a) ->(:?. 70 ( )
0] : B 60 | |
S S 50f |
@) ) 4
= o 20 * s
- =
LL] c 10
LL' O...I...I...I...I..
5.2 5.22 5.24 5.26 25.28 5.3
M, . (GeV/c?)
Three M(Ks n°) regions
@ 0.8 GeV/c? < M(Ks n°) < 1.0 GeV/c? :N=1125+12.0 S/N =1.91
@ 1.3GeV/c2<M(Ksn®) <1.55GeV/c? :N=287z%x7.1 S/N =0.81

@ 1.55GeV/ce<M(Ks n°) <1.8GeV/c? :N=352%10.0 S/N =0.35
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Selection

ete — qq Continuum supression:
Likelihood constructed from
q €{u,d,s,c} Y (45 @ Modified Fox-Wolfram moments
( ) (Event Shape)
@ cos(6,)

@ Helicity in Kstt® system for
three different M( Ks x°) regions

Flavor tag quality

Jet-like \ Spherical Likelihood cuts
TTTTT T A7 T AT I ™ T
[ 1 (cuse) sof | (cLeo) |
& 20 ’ 55 | . ]
[ i i . .
3 | of Hinapi® —FElavour Tag Likelihood
S 151 4 e t . ont -y .
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Time dependent analysis b

Phys. Rev. D 74, 111104(R) (2006)

80
70
60
50
40
30
20
10

B vertex reconstruction

T[-
QJ i\'y /' !
.
AKS/-k '

T+

Events/(2.5 ps)
Events/(2.5 ps)

. . ) -75 -5 25 0 25 5 75
At (ps) At (ps)

Skop, = —0.10 = 0.31(stat) = 0.07(syst),

= —0.20 = 0.20(stat) = 0.06(syst),

No significant CP asymmetry

Sy, = —0.32+03¢ =+ 0,05

-75 -5 25 0 25 5 75

A g, = —0.20 = 0.24 = 0.05 At (ps)

MIAPP Luigi Li Gioi 6



200
RS
o
= 150
(=
n
&
Q.
@ 100
c
()
>
LLl
@ 50
L
2
Q
=
0

MIAPP

B° - Ksm®y:

—— T
1 | 1 | I | | | | | | 1 | 1 I 1 1 | 1

I I |
1 1.5
m(K_ n°) [GeV/c?]

Luigi Li Gioi

BaBar ?

Phys. Rev. D 78, 071102
(2008)

Two M(Ks n°) regions
@ 0.8 GeV/c? < M(Ks n°) < 1.0 GeV/c?
@ 1.1 GeV/c? < M(Ks i°) < 1.8 GeV/c?

Two different fits



K* region

Phys. Rev. D 78, 071102

(2008)
40 - B’ Tags |
339 * 24 (stat) signal events
2
S = -0.03 + 0.29(stat) + 0.03(syst) 5
o
C =-0.14 £ 0.16(stat) £ 0.03(syst) 2
5
o
2
1 =
o)
.g
R 100
}3 100 - E I
= i o i
H N Te} L
g | 8
£ 50 4 £ %0
. j z
Ol vl dal el gy 0 %
52 522 524 526 5.28 53 . <L
mgs [GeV/c?] AE [GeV]
-1F _
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Non K* region

133 + 20 (stat) signal events

S =-0.78 £ 0.59(stat) £ 0.09(syst)
C =-0.36 = 0.33(stat) £ 0.04(syst)

60

B
o

Events per 5 MeV/c?

R e e T e S |||

Events per 50 MeV

5.2 5.

MIAPP

22 524 526 528 5.3 -0. .
mg [GeV/c’] AE [GeV]

Luigi Li Gioi

Weighted Eve nts per 2 ps

Asymmetry

20

o

20°

Phys. Rev. D 78, 071102
(2008)
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HFAG averages

* *
K ySepvs Cop BB K185 15Cp 1

CGP PRELIMINARY CCP PRELIMINARY
0.8 | 0.8
/ g Y BaBal\ N BaBar\
E /77 Belle /77 Belle
: ©2% Average 22 Average
0.4 r
0 7 /« ::::::?4‘%3;
::."0. \\\\\%~¢{ﬁ
.&‘“
0.4 - | i
08 I_\ 1 I I / 08 I_\ 1 I 1 /
-0.8 -0.4 0 0.4 0.8 -0.8 -0.4 0 0.4 0.8
. o . ) SGF’ . o , ) SGF’
Contours give -2A(In L) = Ax™ = 1, corresponding to 80.7% CL for 2 dof Contours give -2A(In L) = Ax™ = 1, corresponding to 60.7% CL for 2 dof

We need more data
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B° - Ks 1 y: BaBar

¥

Phys. Rev. D 79, 011102 (2009)

82 + 23 (stat) signal events (Br = (7.1*>*_, (stat) = 0.4(syst)) x 107°)

S =-0.18"%_ , (stat) = 0.12(syst)

C =-0.327_ _ (stat) £ 0.07(syst) 2

N

P

c

S

| L
g wE (g 1%
i oh ]

40- ......... \ ' -

20 | 3 ..q.s

b 1 £
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37 £ 8 (stat) signal events

x 1076
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Belle <>

Phys. Rev. D 84 071101 (2011)
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MIAPP

At (ps)

S=0.74"7_ (stat) "% _ __, (syst)

-1.05

A =0.35+ 0.58(stat)" *=* _ _ (syst)

Luigi Li Gioi
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B° - Ks p°y: Belle

212 + 17 (stat) signal events

S (Ks p°y) =0.11 £ 0.33(stat) *°%%® _ (syst)
A (Ks " my) = 0.05 = 0.18(stat) = 0.06(syst)

MIAPP

200

180 | .

160 |

140 |

120 | .

100 | ¢ J1 (a)

Events / ( 0.015 GeV/c?)

04 06 08 1 12
m__ (GeV/c?)
FIG. 3 (color online). Mg, distributions for

(a) Bt > K*7m 7%y and (b) B® — KYn* 7w~ y. The curves
follow the convention in Fig. 1. The thin dashed curve is the
correctly reconstructed B — K;(1270)y signal component.

Events/2ps Events/2ps

Events/2ps

FIG. 2 (color online).

>

</[O

BELLE

PRL 101, 251601 (2008)

At(ps)

(a) g = +1 yield, (b) g = —1 yield, and

(c) raw asymmetry as a function of At for events with r > 0.5.
The raw asymmetry is defined as (N, — N_)/(N, + N_) where
N4 (N-) is the event yield with ¢ = +1(—1). The solid curves
are the fits while the dashed curves show the background con-

tributions.

Luigi Li Gioi
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B° - pYvy: Belle <22

Phys. Rev. Lett. 100, 021602 (2008)
First measurement of CP asymmetry parameters inab — dy process

S 0, = —0.83 = 0.65(stat) = 0.18(syst)
A o, = —0.44 = 0.49(stat) = 0.14(syst)

Consistent with no CP violation

80F . q=1 a 1r ——
— 3 i 0 0.75}F 5
=~ 70f 7t 2 _
o g ik — 0.5F
60._ [ B ey -
Lo 5 P £0.25}
N S0 + D
@ 40f = £ 9
= —- £:0.25
= o T @ 0.5}
20¢ >-0.75}
10F = 4 © _1F
0 :5’_' r'.".“. Al .h..-'*'-:.::'.l“-h-. oC 1 PP S | T T
75 5 25 0 25 5 75 75 5 25 0 25 5 75
At (ps) At (ps)
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] Summary <22
Eur. Phys. J. C74 (2014) 3026
BABAR Belle Average

S(K*Yv) —0.034+0.20+0.03 —0.324+0.35+0.05 —0.17 & 0.20
C(K*°y) —0.144+0.16£0.03 0.20+0.24+0.05 0.00=+0.13
S(K%rm%y) —0.78 £0.59 £0.09 —0.10 £ 0.31 £ 0.07 —0.40 £ 0.25
C(KY%7m"y) —0.36 £0.33£0.04 0.204+0.20+0.06 0.00=+0.16
S(K%ny) —0.1840.484+0.12 —0.18 4+ 0.50
C(K%ny) —0.3240.40+0.07 —0.32 £ 0.41
S(K%¢) 0.74 + 0.90 £ 0.20 0.74 + 0.91
C(K3dv) —0.35 4+ 0.58 + 0.20 —0.35+ 0.61
S(K2p"y) 0.11 £0.33+0.07 0.11 4+ 0.35
C(Kintn— )T 0.05 +0.18 = 0.06  0.05 4 0.20
S(p°~) —0.83 4+ 0.65+0.18 —0.83 + 0.68
C(p”v) 0.44 +0.49+0.14 0.444+ 0.53

TFor mug.. < 1.8 Ge\//c32 and my,, € [0.6,0.9] GeV/cQ.

We need more data

MIAPP Luigi Li Gioi 15



SuperKEKB

. 4 GeV36A . Collldmg bunches

/,—

Belle Il E i i
<o ‘3 & Peak luminosity

New IR _
New superconducting @ KEKB -

/permanent final focusing 2_11X1034 Cm_2 S
1

quads near the IP

—

‘New beam pipe SuperKE KB

& bellows

/—\
__

@ SuperKEKB =
8 x10* cm™?s™

F. i
leplace short dipoles
vith longer ones (LER)

HHHHHHHH
'HEWWDW#F :‘ij;:!::emittance \ i

Redesign the lattices of both rings Damping ring ” o

e'e” beams energy

@ KEKB =
8 GeV /3.5 GeV

@ SuperKEKB =

Add / modify RF systems
for higher beam current

Positron source

to reduce the emittance -_— New positron target / V4 GeV / 4 GeV
‘ M capture section
TiN-coated beam pipe Low emittance gun Su perKEKB
with antechambers Inject low emittance
. ._ electrons Nanobeam

"NEG Pump]

i Tum

KEKB  5mm | |
MIAPP Luigi Li Gioi 16
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MIAPP

with 20 mm quartz bars
MCP-PMT readout

Pixel Vertex Detector

2 layer pixel detector (8MP)
DEPFET technology

Silicon Vertex Detector

4 layer double sided strips

20 — 50ns shaping time
Central Drift Chamber
proportional wire drift chamber

15000 sense wires in 58 layers

Belle Il

Luigi Li Gioi

Superconducting Magnet
homogeneous field of 1.5T

o e
Electromagnetic Calorimeter

) 8000 Csl Crystals, 16 X,
PMT/APD readout

& .
L
veE

Aerogel RICH
Proximity focusing RICH with
silica aerogel

17



Time dependent measurements

25
| T(1S) o
9P @ Y(4S) is the first resonance just above the BB
7 | T(25) production threshold
% s [ @ Only BB pairs are produced, and are at rest in the
T | }
T ol L 1s) Y(4S) frame
| [ +
% 5:_ . B T(4S)
i . Eontinuum baczground
8.44 9.I46 18.0010.02 J’10.‘34 10137 ”10:54 10158 10.62 |
e'e” Center-of-Mass Energy [GeV] B /
tag
Az Y (4s) )

€+
K—|—
At= ; T
Pyc € ’\%& e’ T ur

Bpf/s/v 0 T

Resolution on et e

At will be v anti 8 |\ <

dominated by e:’«-‘*oc - 4,| 5 T

the resolution ° A 7
of the tagging | I
side vertex Coherent B meson Belle ~ 200 um
pair production Belle Il ~ 130 um
e—|At /750

At probability parametrization P(At, q) = [1 +q (A(,vp cos AmgAt + Sc p sin Am EgAIL)]

4?’}30
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DEPFET

Belle |l Pixel Vertex Detector

i(‘ *
t‘" <@
d X \ Of

e

@ 40 times increase of luminosity — higher background ‘ > Pixel detector needed
@ Lower boost — smaller separation between the B mesons

Most suited technology : DEPFET

@ |nnermost detector system as close as possible to IP
@ Highly granular pixel sensors provide most accurate 2D position information

@ Reconstruction of primary and secondary vertices of short-lived particles
@ Decay of particles is typical in the order of 200um from the IP

Silicon Vertex Detector (SVD)

Pixel Detector (PXD)

MIAPP Luigi Li Gioi 19



D

The impact parameter <22

The impact parameters: d_and z_

@ defined as the projections of distance from the point of closest approach to the origin
@ good measure of the overall performance of the tracking system
@ used to find the optimal tracker configuration

l
r 0.4 == + 050 Tracks with PXD clusters
.P 040 Tracks with PXD clusters
) 0 BaBar Oy
0.3 |— ® BaBar 040
o] )
€
c 0.2 | -
el o
@] ]
¢
01 g : —
. 922000
‘., ...2230000000
7 7 |||+—|—|—|..+.+......
0 0 II|III|III|III|III|III|III|III|III|III- r
P e > 0 1 2 3

Transverse Momentum (GeV/c)

Almost a factor 2 improvement respect to BaBar
MIAPP Luigi Li Gioi 20



D

Vertex fit: Breco side <2

Two vertex fitters used in Belle Il for kinematic vertex fits
@ Kifit : used in Belle Jp - uu
@ RAVE: a CMS tool, see https://rave.hepforge.org/)

3

g x10 o —
600 — - F
g C E L
g C 835000
S 50— =
S L 30000
o C "E C
E 400 — 225000/
c L i -
L 500 20000
LL - C
B 15000—
200_— C
B 10000[—
100 — - N
- 5000 — /
B *3.02 oy [ —YY 0.0 003 K ey oo 0" ""0.01 et
VertexZ - GenVertexZ / cm VertexZ - GenVertexZ [cm]
Belle Il Belle MC + basf?2
@ Bias =2.0 um @ Bias=0.17 um
@ Resolution = 25.6 um @ Resolution =43 um

MIAPP Luigi Li Gioi 21


https://rave.hepforge.org/

Rave: Adaptive Vertex Fitter

Down-weights outliers dynamically, instead of using hard cutoffs (important for 3+ track vertices).

Minimization of the weighted least sum of squares sguare of the;
_ standardized residual
Journal of Physics G, 34:N343-N356, 2007. /

wi (x2) = exp(—x;/2T)
oV T exp(—x2/2T) + exp(— 02, /2T)

D

‘temperature” parameter cutoff parameter
“softness” of the weight function

Weight

in each iteration step X
the temperature parameter is lowered ‘

1

All tracks used except
the ones from Ks

I
®©

B

o

N
T
I
I
I

I

Weight w(y)
=
=

<
o

H— - -T=10
—T=1
- - T=0.l

0

0 1 2 3 4 5
Standardized distance O< r< 1

Ti=1+r- (T;—1 —1) .
MIAPP Luigi Li Giol 22




D

Tag side vertex resolution e

Important improvement in the tag side vertex resolution

—_ x10 = 250
5 [ s b ; : .
o 300 S |
S %m —--------;(-Cl-)I-Qgg-lﬂ-g----------
S 250 SH vertex |
= E S § i
2 200- N
c C -
o C
o = N
L 1501— 00 |
100 —
r 50 _—
50 — -
: 1 1 | 1 1 1 1 | 1 | 1 | | 1 1 1 0 _I
853 -0.02 —0.01 0 0.01 0.02 0.03 v o _
TagVz - GenTagVz /cm T.Kawasaki, PhD Thesis
1000 F \ \ 7D | 1237
Be”e_ Il Entries 4855
@ Shift =5.9 um soo | (@) Mean 0.2580E—02
ion = Belle Note # 382 RMS 0.1502E-01
600 |- Constant 768.47)
Mean 0.1556E-02
400 |- Sigma 0.9074E-02-
Belle
@ Shift = 29 um 200 =
@ Resolution = 89 um o o [cm]
0

|
-0.1 —0.08-0.06—-0.04-0.02 0 0.02 0.04 0.06 0.08 O.1
MIAPP Luigi Li Gioi 23



B > Ks w” y: Atresolution ez

At distribution
0 = BO_DeltaT vertices
‘g - Entries 109
S 12 S Dov 894
C Prelimi | boo e
o re Imlnary' Constant 10.99 + 2.69
C Mean 0.1634 + 0.1817
8— Sigma 1.344 + 0.306
6;_ At residual distribution:
‘c Residual = Aty epy — Atpruth
2
N HHHH. e ﬂﬂﬂﬂ.ﬂﬂT L1 .ﬂﬂl ‘ HH I
> b n 4u+ M
0 st L o i anm— L LA a A taaias
Y S e T T Y I
=30 -20 -10 F{esic?um sl 10 20 30 BO N \]/w KS
= = - = g X103
No bias observed on At distribution g s
At resolution = 1.3 ps gy
@ &
W 200
150?—
Belle Il Belle oof-
» Bias =-0.003 ps * Bias =0.2ps E
. . 50—
» Resolution =0.77 ps @ Resolution =0.92ps -
0—; -4 -3 I—2HH—1HHOHH1HH2I 3 tl'r 5

At - Gen. At/ ps
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Flavour tagging

Based on multivariate methods

ECL+KLM i Not used

4 for Bcp
S EAS Slec rack wit
i highest Pirack
Tagging TMVA > Tagging
variables track level Ptrack variables
TMVA
Qtrack * Pcat < Pcat T
J7
e
K TMVA
T Combiner > Jcombined * Tcombined

MIAPP Luigi Li Gioi 25



Categories and variables

Categories based on different signatures

Categories Targets
Electron
Intermediate Electron et
Muon
Intermediate Muon ut
KinLepton
Intermediate KinLepton a
Kaon K~
KaonPion K, "
SlowPion 7T
FastPion T
MaximumP ST
FSC T
Lambda A
Total= 13
MIAPP

EO
D*T
DO
D+ ....."-q.

""'.i K’O

N
o +
A T

Luigi Li Gioi

o+
-
g

(.“ﬁ

r

107

—
=
T

107

Number of Events/ 0.02
=

Number of Events/

—_

—

—
('l

—_

—_—

o
[

Belle IT

(Qtr-rw.k : é}mt)w
Combiner input

(qu'af—k : y(-..dt)KmLf‘DtUll
—05 0 05 0
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Combiner output

o 12000 TMVA FastBDT  [;=7: pi TIVIVA FastBDT
: — 1 B°

}10000; cefr = 35 8476 — < 0.75
hic) ; —_ : : 5
§ 8000E AEEﬂ-‘ 0 69% -
w : ] T ol
iy : I
240004 Q
Fé " < 0.25
= 2000}

0.1

23 W01 035 05 0.75 L0
(q T)I*BDF <TFBDT>
: : ;_ 1.(] T :
ngOOO FANN MLP s BY FANN MLP
- 1 B

= 10000} SEff | 35 89% < 0.75}
R AEEfr = —0 %% =
&S ~
- 0.5l
l
’E_ 2 0.25
Z,

0.1

00'”" 0.1 0.25 0.5 0.75 1.0
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Belle Data — MC comparison

0.02

0.015—

001 |

0.005—

v TMVA — MC
FastBDT | — Data

@ Belle MC and data
@ Belle Il flavor tagging algorithm

MIAPP

Efficiency
@ Belle Converted MC = 32 %
@ Belle =29 %

gr  0.025

0.02F
0.015

0.01:

0.005
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1.00

Ks reconstruction

0198 ...................................................................................... 3000
Preliminary -
T s .,
=
o 1000
2 : : : o
: : .
— Belle-ll vO only Tréining : :
09211 Bellell vo-Lambda combined T
® @ Bellel MVA-Training '
® ® Bellel simple-cuts _ _
09875 0.80 0.85 0.90 0.95 1.00
EFFICIENCY
Ks efficiency improvement:
@ Larger vertex detector acceptance
@ New algorithm
MIAPP Luigi Li Gioi

D

<o

M i+pi-)
hmk=zhon

- Eniriez 2255058
- Mean 0.5286
:_ B S 01169

Training € purity

b2-goodKS  93.6% 94%

b1-MVA 86.9% 4%

bl-cuts 76.9% 94%
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BY » K* y: converted y (&%

_ Martino Borsato CERN-THESIS-2015-219
B—>K*y(— ee) eventin LHCb Marie-Héléne Shune @ 4" B2TIP

< do
— = A(1 2
10 (1 + acos” ¢)

@ a gives the sensitivity to the photon polarisation
@ Limited dependence with cos(0)

@ Strong dependence with M(ee)

€ 1 1, Mcee)
M(ee) _ =10
5 L B e e e e LI N 2me B e
© 22K = —os 5 06 osf
}1.23: 74 _én'" :! o > o?
16E —ED.T
1_4:_ én.e 02 oal 04
1%: E:: | | cos 6, o ‘/‘_.—_H cos 8,
0'32_ ED:S -1.0 -0s 0 03 1.0 1.0 -03 0 [X] 10
08E —Euz
0.4E- E cie . . .
e i e S El the sensitivity to the photon polarisation
’ LT e Mevie) decreases as 1/M(ee)?

@ For M(ee) < 10 MeV measurement dominated by multiple scattering
@ Measurement very difficult with the LHCb detector
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Belle II: converted y

o
|

Te~ —Pipe

-2
L

i i —PXD 1

’ o ’ ’ i 5 e
. .-""‘-/ ’h‘ - b \h'\ _ PXD 2
& o, TP e B .~ - "1_;

[
~al
%,
., '
DR T T
L
.
T

)
B

e S pm e R ERsaEE Tar

MIAPP

X/cm

Luigi Li Gioi

@ Study of converted
photons is at the
beginning

@ ForB° - 7i® n® ~ 3% of
converted photons
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Summary

@ Radiative B decays, with b — s y transitions are sensitive to New Physics

= TD CP asymmetry measurements give an indirect measurement of photon
polarization

@ Present measurements dominated by the statistical errors. Scaling with luminosity:
- B? - Ks i’ y: 6(S)~0.04, o(C)~0.02
- B% - py: 0(S)~0.08, o(C)~0.06

@ With the upgrade of KEKB to SuperKEKB a new vertex detector is required for Belle Il
-~ |ncrease of background
-~ Boost reduced
= Maintenance of the same Belle vertex separation capability

@ Expected better hardware/software performance then Belle considering the same
integrated luminosity

- Better At resolution

-~ Higher flavour tagging efficiency
= Higher Ks efficiency

@ Feasibility of photon polarisation measurement using converted photons should be
investigated at Belle |l

MIAPP Luigi Li Gioi
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