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RADIATIVE DECAYS

Photons in b — sy (FCNC process) are predominantly left-handed in the SM, since the W boson couples to left-
handed quarks. New particles could enhance the right-handed contribution.
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Physical observables : e e

N(B, = K'y)

Branching Ratios : BR(B,— K*v) =
g ( d YJ N( Bd)

N(B;—~ K*y) -N(By~ K*y)
N(B; — K*y) + N(By ~ K*y)

CP Asymetries : Acp =

Photon polarisation : angular analysis / Time dependent analysis
CKM Matrix elements : |V, |Vl
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MOTIVATIONS

A simultaneous analysis of B%->Kmy, B,->KKy (and Aj-> pKy]) :

* Aim to improve K*y /® y models with better understanding of NR and high-mass contamination
* Improve inclusive BR(B — X, y) in terms of sum over exclusives
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Already observed decay modes : Helicity angle
* B0 (K*¥0sK*m-)y: B, =28.9 +1.0x10° : Cleo, Babar, Belle, LHCb

* B0 (K*25K*m-)y: B,=4.1+0.8x10° : Babar (5.80), Belle(30),Cleo

* B,=(¢—K'K )y : B,,=18+2x10¢ : Belle, LHCb

Some limits on other modes :
¢ BO—(K*(1410) »K*m )y : B, <9x10: Belle

« B">(K*m")NRyB,,<2.6x10°% : Belle (mg,in[1.25, 1.60] GeV/c?)
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ANALYSIS SCHEME

Kmy, KKy and pKy final states can contribute to each other if one or two tracks are mis-identified (crossfeed) :
— Simultaneous analysis !

We gather every (2tracks+1 high_PT photon) event and reconstruct them as Ky, KKy and pKy by applying hadron masses to
the tracks:

hhy Reconstruction Data samples

By~(Km)y hyh,—> K[> [ a—

~—
h1 h2 - K [ CrossfeedsKm |

B, »(KK)v] h,h,-»KK (L [ .
_ h1 h2 N p K > [ Cross feeds KK‘ | |

+ BKG h; h, > Kp =

| Cross feeds PK

We also apply an additional set of cuts to reduce background from merged m°and to veto the charm decays :

* m(hy_,o) > 2000 MeV/c?
* IsPhoton (y/ m%) > 0,6
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PID SELECTION

To identify the tracks and build exclusive Ky, KKy and pKy samples :

Classify h* h™ y candidates according to largest h_ProbNNx; (x; = m,K,p)

* h_ProbNNx;> ProbNNx; (h)  forall x; #x;

To optimise the selection in terms of signal significance :

1
Kplus_ProbNNk

* h1_ProbNNx; > cutl

S
* h2_ProbNNx, > cut2 — FoM(cutl,cut2) = JStB efficiencies and mis-ID rate using MC + calibration data

Exclusive

hhy Reconstruction Data samples PID selection
samples

By —>(Km)y| h hy,— Kn | T ——
h1 h2—>T[K | Cros:fgedsKn |

B, »(KK) ] h h,» KK (=L [ .
B (< ™o PR

+ BKG by h, > Kp —

| Cross feeds PK
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COMBINATORIAL BACKGROUND

After the PID selection a large amount of combinatorial background remains :

—T 7T
Entries 149344

Mean 5355
Std Dev 449.9

5500 6500

Use of Multivariate Analysis classifier trained using :

* Signal Monte Carlo simulations : B’ —K*(892)y, B° 5>K**(1430) v B’ >K'(1410) v,
B, -y, Bg —f’2 (1525) v
A,-> A*(1520/1670/1820/1830) y

» Events in the Right Handed Side Band

8
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BDT VARIABLES

Final set :

B min yp°

B pseudorapidity
B momentum

B Flight Distance
B vertex isolation (Smallest Ax*)

vp° of the (hh) resonance

[P of the resonance

Momentum of the resonance

[P of the tracks

Transverse momenta of the tracks

Imput wariable: -logitanfatan(B_PT/B_PZy2)}

(1) dN / 0.0904

-log(taniatan(B_PT/B_PZ)}2))

igrial T T
Background

(1N} aN 0291

z
log{E_MINIPCHIZ)

Input variable: log(Kst_892_0_P)

(1N) dN 7 0.0734

" 1.5 12
log{Kst_892_0_P)

Input variable: log{B_FD_OWMNPY)

(1N} dN/ 0,185

iInput variable: log(piminus_IF_OWNPV)
T T

WO [5,B): (0.0, .07% /{0.0, .07

(1N dN /0175

o 1 2 3
lag{piminus_IP_OWNPV)
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WO M (5,8 {0.0, 0% 0.0, 7%

WO {5, {00, 0% /{00, .07

[rput warkable: loglKsl_882_0_IPCHE2_QWHP

(1N} AN 0.222

10 " 12
log(Kst_832_0_IPCHIZ_OWNPV)

Input variable: log(Kst_892_0_PT)

(1N} dN (0077

9 9.5 10
log{Kst_8932_0_PT)

IRETE FERTH ARRURNTNT] AURTIET:
WO (5,8 {0.0, 0% 0.0, AO7%

uhobolo b bl
B {0, 00 {00, D0

(1/N) dN /0,153

log{Kst_B92_0_IP_OWNPY)

Input variable: log(Kplus_PT}
T T T

(10N) dN (0,093

3 98
loa(Kplus_PT)
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b b Lo b e 1l
0w [5,8): {00, DL07% /{00, 0%

(1N} AN 0.107

10.5 11 115 12 125 13 1356 14
loatB_P)

(1N) AN (0639

10 & [l 5 10
log(B_SmallestDeltaChi2OnaTrack)

Input variable: loa(Kplus_IP_OWHNPY)

(1/N) dN /0,168

lag(Kplus_IP_OWNPY)

Input variable: log{piminus_PT)
T T T T

3

(10N} dN /0.0

v bbbl bbbl
W o (5,81 0.0, L3R4 /{00, D31 L0 i (5,81 0.0, B07% 0.0, 20P%

T T polunliun
10 o (5,81 0.0, 235 (0.0, R8s

85 9 9.5
log{piminus_PT)

TR FETE FET SAT
0w (5,100, B0 £ {D.0, D%




BDT PERFORMANCES

I 'signal (test sample) '~ ' | | « Signal (training sample) '
Background (test sample) +« Background (training sample
Kolmogorov-Smirnow test: signal (background) probability = 0.014 (0.137)

lJIlIIIIlII

(1/N) AN/ dx
\‘HH'HH‘HHT’HH%
i
[{=]

o
©

Kmy2011 BDT
Kmy2012 BDT
KKy 2011 BDT
KKy 2012 BDT
e PKY 2011 BDT
e PKY 2012 BDT

Backgr rejection (1-eff)

H
g

e
~

L ot o 1|
-0.2 -0.1 0.1 0.2
Final3_BDT13_1_2012_all_odd response

5

o

0.8

TMVA overtraining check for classifier: Final3_BDT13_2_2012_all_odd

1
Signal eff

[EX"signal (tkst sample) * ' ' | | = 'sighal (training sample)
:@ Background (test sample) = Background (training sample)

Kolmogorov-Smirnov test: signal (background) probability = 0.018 (0.032)
HH

(1/N) dN/ dx

The best BDT are the ones trained on K*2/K! and {'2

The cut to the BDT output is chosen to optimise
the signal significance.

/0-flow (S,B): (0.0, 0.01% / (0.0, 0.0)%

o,

Final3_BDT13_2 2012 all_odd response
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SIMULTANEOUS FIT

2012 massfit (preliminary) :

External constraints : (mg — mg) & (Mg —m,,)

Model description :

Total yields expected Run | + Run Il : ~230k

(

Events /

Hg = 5275.26 * 0.70

op. = 90.91£0.91
N

B, — (K'n)y

= 28167 +295

6000
My

6500
(MeV/c?)

Boris Quintana -
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SIMULTANEOUS FIT

2012 massfit (preliminary) :

External constraints : (mg — mg) & (Mg —m,,)

1
T i n = 8753 L0567
6 = 88.1+1.9

H N, ey, = 4039 93

~—
(4]
(2]
~
>
QO
=
AN
AN
AN
N
AN
<
e
~
N
et
c
QO
>
(11

-

a

6000 6500
M), (MeVic)

Total yields expected Run | + Run 1l : ~35k
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SIMULTANEOUS FIT

2012 massfit (preliminary) :

External constraints : (mg — mg) & (Mg —m,,)

T L] L] l L]
g = AT
= 869117

= 4636 £ 95

Ay, = (PK)y

L)
N
o
-~
>
)
=
N
N
N
Y
o
<
S
~
)
Lt
c
o
>
1Y)

L e e,
L1

' (MeV/c?)

Total yields expected Run | + Run 1l : ~40k
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PROSPECTS

Preliminary look to the data runl+run2 (2.7 + 1.0 fb'!) :

1 1 1 PR | e o . A A A 2 '
1000 1200 1400 1600 1800 : 1200 T 1600 1

800
M. (MeV/c?) My (MeVic?)

Clear D-wave contribution in the K*,(Km) and f’,(KK) region
Expecting a first observation of B,—f",(1525) y and B - K,(1410) y

Fit 2D plane sWeighted ?
3D Fit m(hhy) x m(hh) x cos(6,) ?

14
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BONUS: B->KHHG

Started to select (Khh)% in the same fashion :

Amplitude analysis ...

CPV ... Photon Polarisation ...

After a tight selection on Run I + Run II :

I
H = 5284.71 = 0.67 T, A = B6.87 T U
o, = 88.319 +£0.039 G, = 87.3£38
N = 3503 =101 N 157174

B (KKaky ~

B, (Klan)y

LHCb unofficial LHCb unofficial

Events / ( 20 MeV/c?)

O it

Moy

(MeV/cY)
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CONCLUSION AND PROSPECTS

-We achieved the selection of a high amount of radiative decay events (Run I + Run II)
-We'll be eventually able to measure new modes’ BR

-B,—1",(1525) y would be the second b—sy in B, decays

- Need to develop the 2D fit to extract BR

17
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CONCLUSION AND PROSPECTS

-We achieved the selection of a high amount of radiative decay events (Run | + Run Il)
-We’ll be eventually able to measure new modes’ BR

-B.—17,(1525) y would be the second b—sy in B, decays

WHEN YOU FIND YOURSELF AT THE THIRD YEAR OF PHD

- Need to develop the 2D fit to extract BR

- Start writing the thesis ...

THAT ESCAL "‘ LATED QUICKLY
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BACK UP AND STUFF...
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PID FOM FOR KPI SELECTION

ProbNNK > Y
HHHHHHEHEUUE

0.8 0.9 1
ProbNNPi > X

20
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SIMULTANEOUS FIT

2012 massfit (preliminary) :
External constraints : (mg —mg,) & (Mg —m,,)

g

T
HW_-n_ = 8598 2066
H s ™5,

Hoc, =70+45

M N, = 46814104

o=

B, . o
oBL = 78.81 + 0.50 MeVc™
N, . = 30233 +232

g

Events / (18 MeV/c? )
8
g

Events / ( 18 MeV/c? )

g

Total yields expected Run I + Run Il :

Kmy : ~380k KKy : ~40k
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Events / ( 18 MeV/c? )

T
: DRI T 1.1
H o, = 120078
: . = 4944 + 95
sy s A%




PID FOM FOR KPI SELECTION

Mis-ID contaminations/rate/efficiencies ?
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FITTING THE HHy MASS

Signal :
Asymetric bifurcated CB (4, 6, ¢, N D L o s Nieits Opight» NRighd)
ORight
“ A )
VT Y
Free parameters Fixed on MC

Events / ( 18 MeV/c?))

Events / ( 20 MeV/c) l

p5228EE8E 8L
Events / (20 MeV/c?)

s §8¢§8§¢8

TTT] Feen rem Y Ferm e T

L E " "
2
My, (MeV/cT) Moy, (MeV/e?)

4500 5000

Combinatorial BKG: Exponential (shape and N free)
Inclusive partially reconstruced : B -> hh %y + X ( X > 2)
Argus (free, p = mg —2 m,_ ) convoluted with Asym. Gaussian(u=0, o= o) (CB convo ?!)

73
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PARTIALLY RECONSTRUCTED

Partially reconstruced : B -> (hhm),. v

Shape : Argus (1 = mg - m_, fixed on MC, free yield) convoluted with an

Asymetric Gaussian(p=0, 0= o)

B> (knm)y
= E

450

N = 16723 = 126

a00f—c1 =-11.642 + 0.41
mu = 5212.2 + 5.6
p1 = 1.109 + 0.080

obL= 1100 £ 1.3

N = 1975 = 44

¢l =-4.10 = 3.6

mu = 5286 = 83

pl1 = 092 £0.85
hi2/ndof = 128/195

350

300

250

Events / ( 16 MeVic?
Events / ( 20 MeVic?

200

150

100

5 L s s r 2
4000 5000 5500

For every shape we perform an extended maximum likelihood unbinned fit.

The MC used is reweighted to propagate the overall PID efficiencies, and the BDT selection is applied.

24
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[1%T MIS-ID CONTRIBUTIONS

Shape : Asym bifurcated CB, shape and normalization fixed.

Events / ( 20 MeV/c?
Events/(zl MeVic®)
Events / ( T Mev/c?)

Note : the contamination are lower in 2011, seems to be due to the BDT

TO DO : request better MC with new DecFile
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CHARGED MIS-ID

Shape : Asym bifurcated CB, shape and normalization fixed.

-

H « - 2045 ~0.054

H , =-1.5667 = 0.059 KK -> KPI 2,4 % 2,6 %
H » = 5379.9 + 3.2 Meve?
[} oL = 1045+ 2.2Mevc?
- cR = 135.2 + 2.8 MeVc?
N= 793.0 + 4.4

H-n = 1.524 +0.10

ng = 40.0 + 9.1

PK -> PIK 9% 14,2 %

Events / 23 MeV/c? )

PK -> KPI 0,89 % 1.2%

lIIIllllllllllllIlllllllllllll

llIIIITIIII -

KPI -> PIK 0,22 % 0,25 %

L
My, (MeVic?)

KPI -> KK 2,1% 3.2%

PK -> KK 5,8 % 7,4 %

KPI -> KP
KPI -> PK

KK -> PK

26
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LHCB DETECTOR

Vertex
Locator

Tracking

Station
Dipole

Magnet

Electromagnetic : —

Calorimeter

Tracking
Stations

2/

Boris Quintana - Study of B — (hh) y decays at LHCb

§
s
=

lj/

|

Hadronic

Calorimeter

Bl riegen

Muon
Stations




BACKGROUNDS

v—n® Mis-identification :

Peaks at the signal mass !

asf— .
H o = 0.98 £ 0.15
i, =-2.074 +0.48

H oL = 108 +20 Mevc?

H cRatio = 0.86 + 0.29 MeVc™*
H N = 564 +24

H n = 1.18 +0.25

Events / ( 20 MeV/c?)

IsPhoton > 0,6 : ~80% background rejection S Py WOV

Contamination : 2-5%

28
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SIGNAL AND BACKGROUNDS

Signal (and Physical background) :

- final states particles are correctly identified

B, — K*y
B, —K*y

A
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SIGNAL AND BACKGROUNDS

Signal (and Physical background) :

- final states particles are correctly identified

B, — K*y
B, — K*y

T
@, = 2200 0043
i, = -1.7883 + 0.071
4 = 5350.0 & 2.5 MeVe®
L= 81,3 + 1.8 MeVe®
aAatio = 1.292 + 0.081 MeVe™
W= 27322 + 154
'n, = 0,609 + 0048

Events / ( 20 MeV/c? )

Expected yields and shape of the two contributions are extracted from

Monte Carlo simulation : e
Contamination : 0,8 %
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BACKGROUNDS

Partially reconstructed :

Ex: B*—-K"y ->K*nnty

missed h*

N= 16723 £ 126
cl =-11.642 + 0.41
mu= 5212.2 +5.6

p1 = 1.109 + 0.080

350

300

250

Events / (16 MeV/c?)

200
150

100

Expected yields and shape are extracted from

Monte Carlo simulation : ——TRToN

Contamination : ~1%
31
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BACKGROUNDS

Combinatorial background :

Final state particles don’t all come from the (same) B decay

—T—T—TT
Entries 149344

Mean 5355
Std Dev 449.9

5500

32
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BACKGROUNDS

v/ Mis-identification :

n°— vy looks like a single y in the ECAL :

n.i a.i
2
3
4
0 1 2 3 4

We use a Neural Network trained to distinguish between the two :

l\\flllII}\IIII\\II‘IIIW‘IIII

|

o
n
o
]
o

lsPhotc-n
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BACKGROUNDS

Charged tracks Mis-identification :

Peaks under the signal !

Lch o O ALKK-n)>0

Ns=7TeVMonteCarlo ¢ ®m ALLK-1)>5

B o = e D
S o -’w—o—cvﬂ.o_cmo

-,
s g8 =
e - S RE

Efficiency

i, = 2.045 £ 0.054

[ o, =-1.5667 + 0.050

H ). = 53799 + 3.2 Move?
[l oL = 104.5 + 2.2 MeVe™
E'nR: 1352 + 2.8 MaVe?
H N= 7030 144

n = 1.54 1010

Momentum (MeV/c) H n, = 20.0 + 9.1

Events / ( 23 MeV/c? )

IIIIIIIIIIIIIIllIlllllllllll!I

Contamination :
- 0,01 % for double mis-id
- From 1 to 10% for simple Mis-1D

34
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OPTIMAL CUT

S
VS+B

With S = L * 2* o(bb) * fb—>(BO/Bs/Ab)* BR(B—hhy) * gyc ™ Epresel * gpp * €BDT sig

FoM =

— NI3S *
B = N*°y4™ €8DT bkg

W_J

From linear fit of combinatorial

T
Entries 149344

Mean 5355
Std Dev 449.9

| Optimal cut : 0.04

!

0.5

6500 70

k’J'E'Y mass BDT cut

6

35

Boris Quintana - Study otB — (hh) y decays at LHCb




BDT EFFICIENCIES

.. Efficiency Efficiency .
Training Sample BDTCut (K*/ $) (K1+K*2/ £2) BKG rejec.

K*y_2011 > 0,04 77 88,8 %

K*y_2012 >0 93,3 %

K*+K*2+K1)y_2012 93,8 %
Y

(K*2+K1)y_2012 93,8 %

¢y_2011
¢y_2012
(¢ +£2)y_2012

£2y.2012

(pK)y_2011

(pK)y_2012
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Bunch crossing rate : 40M/s  pp collision per crossing : ~2,57

The Vertex Locator :
g 3 %g
A

LHCb Detector A
v )0 tonnes Electromagnetic
Calorimeter

™

eght: 5.6

Lach

feight : 1(
ngth: 20

-~
L

. ”I

=T E
SiEn
By
=y B S

Xy B
T 9
)
-
-
-
-
},

!
[

Vertex
Locator

: .i/7[iﬁn

Tracking
Hadronic ~ Stations

Station =
ipole :
Magnet Tracking Calorimeter

Stations
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The Tracking system

Magnetic field : 3,6Tm

mv
-> measure momenta : R = q—

‘Ll‘l(l'/? LHPbPetector Electromagnetic

a0 Calorimeter

Vertex
3| Locator

Tracking

Station Muon

Hadronic ~ Stations

Tracking Calorimeter
Stations
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RICH detectors

J.IC/) LHlelDetector Electromagnetic
Lorsi: 26 o Calorimeter &

RICH1

Cherenkov Angle (rads)

10*
Momentum (GeV/c)

i N
— ?
=3 i

)
-~
™

T T T Vertex
LHCb o 0 ALlK-m)>0 Locator
NVs=7TeVMonteCarlo ¢ ®m ALLK-7)>5

T T
[T
Tys )

;

Efficiency
IIIMI?IIIIIII?QIIIIIIIIII

-

1

(bl

L)
:
%'t'
§

g,

Tracking Vn

Station Hadronic Stations

80 100 Dipole .
Momentum (MeV/c) Magnet Tracking Calorimeter
Stations
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Calorimeters :

Resolution on B mass in radiatives : 80-100MeV

Q F o

S N ECAL HCAL

Q = % & S .,‘\ f [ i,
e —p = LHCH LHF:bDetector Electromagnetic
(VG RS Calorimeter S
h—— ==
Y —» .

Vertex
Locator
w0 — Yy /

0
1
253 3
a a
n 8 &
o o
& 5
75 & &
0 1 2 3 4

Tracking
Station A
Dipole - Hadronic Stations
Magnet Tracking Calorimeter
Stations
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Muon trackers :

B-> mumu/ B-> K*mumu

LHCh

LHCD Detector

Electromagnetic
Calorimeter

Vertex
Locator

Tracking

Station .
Dipole Hadronic Stations

Tracking Calorimeter
Magnet Stations
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CHARGED MIS-ID

Contribution

o KK KP 2,4 % 2,6 %

rmalization TIX

AZAUONTXE o S pIk 9% 14,2 %
PK -> KPI 089%  12%

KPI -> PIK 0,22 % 0,25 %

Events / 23 MeV/c? )

lIIIllllllllllllIlllllllllllll

KPI -> KK 2,1% 3,2%
PK -> KK 5,8 % 7,4 %

KPI -> KP 13 % 9 %
KPI -> PK 1% 0,8 %
KK ->PK 14,5 % 14,2 %
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REWEIGHTING MC ?? (FOR LATER)

MC
Reweighting
Efficiency studies ?

Contamination computation ?
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2D MASS FIT

Cos?(0y) for S- waves : ¥ backgrounds
Sin?(0) for P-waves : K¥(892)y, K1(1410) y, ¢(1020) y
Cos?(0y).sin*(0,) for D-waves : K* 2 (1430) y, f’ 2 (1525)

1000 1200 1400 1600 1800

M. (MeV/c?)

)

« Expecting a first observation of B =f"441525) y and BY —» K,(1410) y
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PRESELECTION

Standard Vy selection with :
- a release of the h*h-mass window (below the charm threshold)
- no cut on the helicity
-m(hy_,,q) > 2000 MeV/c?

List of cuts :

h_MINIPCHI2 > 16

B_MO01 < 1850 (<3000 for pK )
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PID SELECTION

In order to reduce the cross feeds and build exclusive samples the following cut is used :

probNNh; (h) > xh; & probNNh; (h) > probNNh; (h) for all h; # h;  (h; = ,K,p)

Optimisation : Scan (xhl, xhz] cut values

The corresponding efficiency of each (h;h,) to be reconstructed as (kpi), (kk), (pk) etc... is extracted from calibration
samples using nTracks-reweighted MC samples and the PIDCalib tool.

MC used (Sim8 2011 / 2012 ):

B, -> K*(892) vy

B, -> ¢(1020) y

Ay-> A*(1520/1670/1820/1830) v

- preselection and truthmatching applied on MC

PIDCalib settings :

- Custom 3D binning in {nTracks(5), PT(8), ETA(8)} based on MC distributions
- V2 ProbNN variables

46
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PID FOM

4 The FoM computed for each (X, X;,) cut values is : FoM = >

JS+B

BR,( B—KKy) = BR(B—phiy) /0,30 ]
BR,(B—pKy)= 3.3910° (from Vicente’s thesis)

<o o IS taken as the mean of the PIDCalib eff in the reference sample

Cross

_ d
B = /¥ L x 2% o(bb) * fb_osyan) » BROB—Thh]ipy) * €vic * Epresel * Emisip (Xt Xh2)

g This FoM has been drawn for a scan performed by steps of 0,05 in ProbNN
4 and for each final state/year/magnet polarity

47
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FINAL WORKING POINTS

Ef for the signal

The Fol
Ky ProbNNK > 0,1 ProbNNpi > 0,1 83 %

KKy ProbNNK > 0,3 ProbNNK > 0,3

ProbNNp > 0,05 ProbNNK > 0,05

Errors to be computed...

ol
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MULTIVARIATE ANALYSIS

The next step is to train a Multivariate selection to reduce combinatorial contamination

Signal samples:

MC used for Kr vy :
B° L(K*(892) »K m )y (2011/12)
B® —(K*,(1430) »K = )y (2012)
B® —(K,(1410) »K & )y (2012)

MC used for KK vy :
B, —(¢ K K )y (2011/2012)
B, —(f’, (1525)—K K )y (2011)

MC used for KK y :
Ay —(A*(15200—p K )y
Ay —(A*(1670)—p K )y
Ay —(A*(1820)>p K )y
Ay —(A*(1830)>p K )y

All the MC samples are reweighted on nTracks & PIDCalib_eff

22
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MULTIVARIATE ANALYSIS

_____sample | MCSignal | SB___| _SB(noPIDcuf)

BK Kmy_2011 107544 6540 15999
. Ky 2012 29340 30970 75291
KKy 2011 84080 460 3421
KKy 2012 30208 1815 163309
pKy_2011 40249 384 7707
pKy_ 2012 45344 1988 40429

S—

Since the number of events in the Side Band is quite low for KK y and pK y samples after the PID cut, we choose to train on a SB
without this cut.

We first tested this for Kmy, by comparing two MVA trained on each of the SB

53
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MVA BUILDING

Different algorithms and settings have been tested (on Kmy):

Best algorithm : BDT (AdaBoost)
Best Settings : - Ntrees=800
- MaxDepth=3
- minNodSize=2,5%
- nCuts=200
- AdaBoost =1

Samples have been splitted in 2 according to (evtNumber%?2=0), each subsample being tested on the other
one.

Starting from a set of 40 variables, the minimum set has been chosen removing variables one by one
according to their rank during the training.

We end up with 13 variables. Removing any one more seems to worsen significantly the performances (RO¢

o4
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BDT VARIABLES

(1M} N/ 0.0904

-log(tan{atan(B_PT/B_PZY2))

Input variable: log(E_MINIPCHIZ)

(1N) N .291

(UN) N/ 0.0734

g si
Background

=3 2
log{E_MINIPFCHIZ)

" 12
log{Kst_892_0_P)

Inpit variable: log(B_FD_OWMNPV)

[N)dN /0,185

(1N} dN 0,175

0.5

L]

0.3

a

1 2 3
log{piminus_IP_OWHNPV)

- Status of B — (h

Wichham (5,8 0.0, £.85% /{00, B

T 10 " 12z
log{Kst_882_0_IPCHIZ_OWHNPW)

Input variable: log{Kst_892_0_PT)

(1) N/ 0.077

o (581400, B0 /{00, B0

9 a5 10
log{Kst_892_0_PT)

Input wariable: loglKsl_852_0_IP_OWHNPY)

(1) dN /0,153

o (5,81:{0.0, 8.0 /0.0, 20

1 2
log{Kst_892_0_IP_OWNPV)

(10N} dN 7 0.093

3 95
log{Kplus_PT)

) y analysis

Input variable: log(E_F)

nput varizbl Kplus_IP_OWHPY)

(1) N/ 0.168

(1N} dN 7 0.093

0.A
o7
0.6
0.5
0.4
0.3
0.2

=T -5 [] 5 )
log{B_SmallestDeltaChi20neTrack)

1 3
leg(Kplus_IP_OWHNPY)

85 9 95
log{piminus_PT)

WO 5By {00, .07% (0.0, DO

NO-fhow (5,8): (0.0, 0.87% 207




. [ ) A

TMVA overiraining check for classifier: Final3_BDT13_1_2011_all_odd

10 [EI0] Signal (test sample) = ' | | L Signal (irdining sample) = = —]
[~~~7] Background (test sample) = Background (training sample) _|
K i test: signal (| ind) pr =0393( 0) -

8- ]

6 — ]
- T

al—

2 |-

0 L - T L
-03 -0.2 -0.1 o 0.1 0.2

Final3_BDT13_1_2011_all_odd response

TMVA overtraining check for classifier: Final3_BDT13_2_2011_all_ocdd

UIO-flow (5.B): (00, 0.0)% £ (0.0,0.0)%

=} [0] Signal'(test sample) ' ' | | « Signhl (training sample) | ]
= 10 [~~~ Background (test sample) « Background (training sample) |
2 K i test: signal ( g ) pr = 0.519 (0.005)
= L i
z sl —
6 — ]
C L N
C 5 i
al % 3
2 [ ]
o =L L Ll e ]
-0.3 -0.2 -0.1 [ 0.1 0.2 0.3

Final3_BDT13_2_2011_all_odd response

TMVA overiraining check for classifier: Final3_BDT13_4_2011_all_odd

3 A1 sibnal (test salple) = ' | | « Signal'(training safmple) i
= 8 7] Background (test sample) + Background {training sample)
= =% i tast: signal (hackground) pri =0632( 0)
A
=
ol
P n
Si sttty
=
-0.2 -0.1 o 0.1 0.2

Final3_BDT13_4_2011_:

_odd respons|

ining check for classifier: Final3_BDT13_4_2012_all_odd

3 HT Signal (testsampie)” ' " [ [« Signal (traifing sampi&)’
E & E@ Background (test sample) = Background (training sample)
B = i test: signal { ground) pr ility = 0.048 { 0)
=
G
-0.3 —0.2 —0.1 o 0.1 0.2

Final3_BDT13_4_2012_all_odd respons



BDT PERFORMANCES
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OPTIMAL CUT

* * * * *
BR( B—hhy) €McC ~ ©presel ~ €PID ~ €BDT sig

Entries 149344
Mean 5355
Std Dev 449.9

"] Optimal cut : 0.04 J

28
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PID FOM

The FoM computed for each (x4, X;,,) cut values is : FOM =

With ;

S
VvS+B

S=L*2%*o(bb) * T, ,gyeyan = BR(B—hhy) * eyc ™ €yeer ™ €pip (Xn1, Xi2)

Cross

— d
B = Zf €eds [ 4 2 o(bb) * fo_,5y/Bs/ap) * BROB—[hh]i,epY) * €mc * €presel * Emistp Knzs Xn2)

This FoM has been drawn for a scan performed by steps of 0,05 in ProbNN.

The ep;p (X1, Xi2) 1S taken from calibration data.
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BDT EFFICIENCIES

- Efficiency Efficiency BKG rejec. BKG rejec.
U5 Rl BDTCut (K*/ ¢) (K1+K*2/ f2) (SB in test samples) (on SB after PID cut)
Ky

K*y._2011 > 0,04 94,2 % 7 88,8 % 89,2 %
K*y_2012 >0 91,3 % 79,6 % 93,3 % 94 %
(K*+K*2+K1)y_2012 >0,01 89,6 % 88,3 % 93,8 % 95,6%
(K*2+K1)y_2012 >-0,01 88,5 % 88,7 % 93,8 % 95,6 %

¢y_2011 >0,13 93,4 % 77 93,7 % 93,1 %
¢y_2012 >0,07 92 % 96,5 % 95,6 %
(¢ +£2)y_2012 > 0,07 89 % 96 % 95,6 %
£2y.2012 > 0,05 85 % 95,8 % 95,6 %

(pK)y_2011 >0,1 83,3 % 94,5 % 92,3 %
K)y_2012 >0,07 79,2 % 97,6 % 94,8 %
pK)y

Training on a SB with no cuts on arigund rejection on SB after PID cut



FITTING THE HHy MASS

Signal :
Asymetric bifurcated CB (4, 6, ¢, N D L o s Nieits Opight» NRighd)
ORight
“ A )
VT Y
Free parameters Fixed on MC

Events / ( 18 MeV/c?))

Events / ( 20 MeV/c) l

p5228EE8E 8L
Events / (20 MeV/c?)

s §8¢§8§¢8

TTT] Feen rem Y Ferm e T

L E " "
2
My, (MeV/cT) Moy, (MeV/e?)

4500 5000

Combinatorial BKG: Exponential (shape and N free)
Inclusive partially reconstruced : B -> hh %y + X ( X > 2)

Argus (free, p = mg —2 m,_ ) convoluted with Asym. Gaussian(u=0, o= o) (CB convo ?!)
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PARTIALLY RECONSTRUCTED

Partially reconstruced : B -> (hhn) o, v

Shape : Argus (L = mg - m_, fixed on MC, free yield) convoluted with an

Asymetric Gaussian(u=0, = o)

—
o~
=2
=
@
=
©
b=
-
=
2]
2}
=
o
=
m

N = 16723 = 126

cl1 =-11.642 = 0.41
mu = 5212.2 + 5.6
p1 = 1.109 + 0.080

Events / ( 20 MeVic?

obL= 1100 £ 1.3
N = 1975 = 44
¢l =-4.10 = 3.6
mu = 5286 = 83
pl1 = 092 £0.85

hi2/ndof = 128/195

=
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[1%T MIS-ID CONTRIBUTIONS

Events / ( 20 MeV/c?

o, = 0.98 + 0.15

= -2.074 + 0.48

)= 5253 & 22 MeVc?

ol = 108 + 20 MeVc™
cRatio = 0.86 + 0.29 MeVc™
N = 564 + 24

n = 1.18 £0.25

N, = 2.6 + 2.0

My (MeV/c*)

N

Events / ( 20 MeV/c?

o, = 0.405 = 0.079
0, = -2.00 = 1.0

1= 5239 = 11 MeVc?

oL = 54.6 8.4 MeVc™
cRatio = 2.00 +0.15 MeVc™
N = 2733 =47

n = 238 =0.24

ng= 6 =11

‘Chi2indof = 99/192

L
my..,, (MeV/c?)

5000

Events/ ( 20 MeV/c?

o, = 096 =020
o, =-1.485 = 0.30

[T = 5354 = 23 MeVc?

|-cL = 150 =35 Mevc?
cRatio = 0.61 = 0.24 MeVc?

[N = 1615 =37

| n.= 216 =038
n,= 2016

|-chizindof = 55r192

L
My, (MeV/Cc?)

4 Note : the contamination are lower in 2011, seems to be due to the BDT

4 TO DO : request better MC with new DecFile

6
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CHARGED MIS-ID

Contribution

o KK KP 2,4 % 2,6 %

rmalization TIX

AZAUONTXE o S pIk 9% 14,2 %
PK -> KPI 089%  12%

KPI -> PIK 0,22 % 0,25 %

Events / 23 MeV/c? )

lIIIllllllllllllIlllllllllllll

KPI -> KK 2,1% 3,2%
PK -> KK 5,8 % 7,4 %

KPI -> KP 13 % 9 %
KPI -> PK 1% 0,8 %
KK ->PK 14,5 % 14,2 %
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SIMULTANEOUS FIT

Events / (18 MeVic?)

—> WORK IN PROGRESS !

(MeV/c®) '

0 FTYVYW W YAW
EYVYY W Y N
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RUN 2 ANALYSIS

All the requested 2015/6 MC samples for kpi and kk are (almost) here.
PID Calib efficiency tables have been generated.

BDT for Run 2 with new isolation variables will be soon developped
Run 2 approximated yields :

;35000 T r T T T __ ;\ T LJ L] T T 1 E
Ty I, = 525151032 E L 6000 Hg M, = 8413 £0.53 =
= ‘L 3 > = 89.45 + 0.85 =
%OOOO Cg, = 86.61+0.42 3 s Og, 3
= Ng, . gcwyy, = 164010 * 740 = = Ng , kxey, = 32596 + 384 =
5000 B, - (K'm)y 3 ey 5000 :
= : = 3
50000 q || =700 E
2 3 L2 3
> 3 = -
4 0000 4 | “=2000 =
5000 "l = 1000 = wenliing) =
g . _ r e ————]] e L .-"- e ——————]

5000 5500 6000 62500 5000 5500 6000 62500
My, (MeV/c?) M-y, (MeV/c?)

Work is starting to apply a similar analysis procedure for K.hhy runl+run2..
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BACK UP
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SIGNAL AND BKG SHAPES

> {HE52)

Events / ( 18 MeV/c?)

oty 2.273 + 0.042

= -1.7369 + 0.068

n= 5264.9 + 2.1 MeVc?

oL = 81.6 + 1.4 MeVc™?
oRatio = 1.282 + 0.044 MeVc™
N = 26371+ 153

n = 0.774 + 0.064

Ny = 6.6 + 1.0

I,

2.280 + 0.028

1.831 + 0.1
5355.6 + 1.8 MeVec™?

L = 98.8 + 1.3 MeVc™

oRatio = 1.175 + 0.032 MeVc?
N= 77210 + 277

[ 'n_= 0.632 + 0.035

H]
7

L
My, (MeV/ic?)

T
o = 217 +£0.93

v
= -1.61040 + 0.0093
u= 5608.4 + 5.2 MeVc*®

[ oL = 96.26 + 0.30 MeVc™

oRatio = 1.182 + 0.011 MeVc?
N = 36316 + 31
= 1.136 + 0.070

My, (MeVie?)

N = 19721 + 140
-10.495 + 0.38

mu = 5184.5 + 5.4

p1= 0.823 + 0.068

2
Meryy (MeV/S?)

GL = 110.0 = 2.9

| N= 2150 ~ a6
mu = 5272.6 = 7.6
hi2/n 197

Events / ( 13.2 MeVi¢?)
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SIMULTANEOUS FIT

2012 massfit
External constraints : (mg —mg,) & (Mg —m,,)

g

T
Wi = B85.98 T 066
350~ ° %
H o, = 70+45
.., = 4681 +104

B, . o
oBL = 78.81 + 0.50 MeVc™
N, = 30233 + 232

B, Ky =

g

Events / (18 MeV/c? )
8
g

Events / ( 18 MeV/c? )
Events / ( 18 MeV/c? )

g

g
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CONCLUSIONS AND PERSPECTIVES

Run 1 selection OK, few crosschecks left for the PID and MVA studies
Run 1 Yields according to prelimary fit :

BY —(K* —K x )y : ~ 38500
B, —(9 >KK )y :~6000
Ag-> A%y : ~6300

Next steps:
Selection run2: MC production ongoing
Still need to train BDT for 2011 with 2 / K., MC
Background studies : ongoing

70

Boris Quintana - Status of B — (hh) y analysis




BDT ON K1(1410)/K2(1430)

BDT training
\Y/[@

k1 eff Rej _SB
K2 + k1 ~88,7 % ~93,8 %
K*+k2+k1 ~88,3 % ~93,8 %

Only K* ~79,6 %

—— K892

Rej_Filtered
SB

~95,6 %
Same #evt

Same #evt

eff)

— K1410+1430

—— All_Kstars

°
©

Backgr rejection (1
°
[o2)

°
N

/1
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BDT ON F'2(1525)

BDT

Only £'2 >0,05 ~81,3 % ~81,3 %

Mix f'2/phi >0,07 53,3 ~84 % ~76,3 %

Only phi >0,07 ~92 % ~43,6 %

— only_phi

Rej_Filtere
dSB

-

—on_1f2
n |— MIXRES

[= = = I =}
0 9 ©0 ©
N & O @

o
]

—
=
1)
3
—
-
=
=]
]
O
D
D
E ==
e
(=]
i~
(=]
©
o

0.86

o L LU DL LB LB LR LB L

2
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BDT EFFICIENCY

. . . Background rejec. Background rejec.
m BDTCut Signal efficiency (Test Samples) (filtered SB)

Kmy 2011 BDToutput > 0,04 94,2 % 88,8 % 89,2 %
KKy_2011 BDToutput > 0,13 93,4 % 93,7 % 93,1 %
pKy_2011 BDToutput > 0,1 83,3 % 94,5 % 92,3 %
Kmy_2012 BDToutput > 0 91,3 % 93,3 % 94 %

KKy 2012 BDToutput > 0,07 92 % 96,5 % 95,6 %
pKy_2012 BDToutput > 0,07 79,2 % 97,6 % 94,8 %

-> Train other BDTs with Mix of resonant stites, and also only on f’2 / K1
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NTRACKS REWEIGHTING

Weights Computed Cc\mnr\r;nﬂ DI ciithetrantad Mata favaliminar Fit) and N

0.08p—m———F 71—

distributions : Entries

Mean
Std Dev

0.07

- Example for k*gam

0.06
0.05
0.04
0.03
0.02

0.01

Q
Orm

- P & Eta well reproduced in MC, and not impacted by nTracks reweighting

4
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LINEAR CORRELATIONS

Correlation Matrix (background)

T/B_PZ)i2))
minus_PT)
[Kplus_PT)
P_OWNPY)
P_OWNPV)
P_OWNPV)
D_OWNPV)
'OneTrack)
892 0_PT)
t_892 0_P)

leg(B_P)

2 _OWNPV)

Linear correlation coefficients in 26

MINIPCHIZ) [§1s1]

100
.80
60
40

‘ogg'"

i i —100
‘H"'f éae‘?%f*s‘?%se‘? %%?%”E?Wf’ ﬁg i Gt

2

Correlation Matrix (signal)

T/B_PZ)2))
minus_PT)
[Kplus_PT)
P_OWNPV)
P _OWNPY)
P_OWNPV)
D_OWNPV)
'‘OneTrack)
892 0_PT)
t_892_0_P)

log(B_P)
2 _OWNPV)

VINIPCHI2)

Linear correlation coefficients in %

| :
‘ogg’ %ﬂf’a gf?%jm' e‘;ggsa‘;g
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100
80
60
40

—100
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STRIPPING & PRESEL CUTS

h_MINIPCHI2 > 16 B_MO01 < 1850 B_MO01 < 1850 B_MO01 < 3000
/I DO(KK)
max(h1_PT,h2_PT) > 1200 /1 DO(Kpi)

min(h1_PT,h2_PT)> 500 B_MO02_Subst2_gamma2pi0 >2000

i *,
h_P > 500 B_MO02_Subst2_gamma2pi0 >2000 //D+(K-+pi0) /ID+(K+pi0) (& K*+)

(& K*+)

h_P < 100000 B_M12_Subst2_gamma2pi0 >2000

1 etas L5 /1 D-(K-pi0) (& K*-)
—eta> L. B_M12_Subst2_gamma2pi0 >2000

hl_etal+"<5.0 /I D-(pi-pi0) ( & rho-)
res_ ENDVERTEX_CHI2 <9

h_TRACK_CHI2NDOF <3
h_TRACK_GhostProb < 0.4
B_DiraAngle < 0.06
B_PT>2000

B_IPCHI2_ OWNPV<9.0
gamma_CL >0.2
gamma_PP_IsPhoton>0.6

gamma_PT > 3000

6
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ANALYSIS SCHEME (2)

PID studies :

Develop MVA selection

Fit B masses

Fit (hh) mass VS helicity

/8
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PHOTON POLARIZATION (KSHHG)

On peut mesurer la distribution angulaire d’émission du photon
par rapport au plan hadronique de I'état final :

drl’

ds dsy3 dsys deos @

o< E a;(s, S13, S23) cos' 6 + A, E a;(s, s13, S23) cos’ 0

i=0,2,4

e
&
b

=13
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(PHOTON POLARIZATION)

Une analyse basée sur la dépendance temporelle de |a largeur de désintégration :

FB(B)?S)—MI'CP'y(t) = |A|Pe ! (cosh(AF(s)t/Z) + A sinh(AL (,t/2)
+Cop cos(Amyst) F Sepsin(Amst))
Scp = SiTLQ‘I’SiTI,Qﬁ{S)

Aa  ~ 5in2Wcos @)
. @laphase deviolationde CP, et ‘ )

A4 is sensitive to Re(C-)
+ plot Carla workshop kshhg ?

Im{("-"\'l’]

0.3 0.2 0.1 0.0 0.1 0.2
Re(CLNP)

Constrains from radiative
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(2D MASS FIT)

Cos?(0y) for S- waves : ¥ backgrounds
Sin?(0) for P-waves : K¥(892)y, K1(1410) y, ¢(1020) y
Cos?(0y).sin*(0,) for D-waves : K* 2 (1430) y, f’ 2 (1525)

Preliminary look to the data runl+run2 (2.7 + 1.0 fb-1) :

", & B "ok R S ke 2 _w
: = L S SRy ¢ [ (ST | :
g ' - i : A » .__\ ».x.. ."o .._.

. i 3 o
\ DX 4 Wi e -

1 1 1 1 L
1000 1200 1400 1600 1800

1600 : 1890
M. (MeV/c?) Myx (MeVic?)

* (lear D-wave contribution in the K*,(Km) and f’,(KK) region

Boris Quintana - Status of B — (hh) y analysis




TRIGGER SYSTEM

LHCb 2012 Trigger Diagram
Bunch crossing too high for the detector to record 40 MHz bunch crossing rate

All -> Trigger selection implemented in the hardware L L L

LO Hardware Trigger : 1 MHz
readout, high Et/Pr signatures
" 4 N

>

based on fast informations

(details( deposits ))exemple tck ?

.

[ Defer 20% to disk
Aftert reconstruction of event T

.  Software High Level Trigger
Further selection at HLT before storage 29000 Loglcal CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive

\ selection algorithms

<+ L
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ANALYSIS SCHEME

Use data from inclusive line hh gamma :
Trigger:
L0 : LO photon LO electron (TOS)
HLT1 : Hlt1trackAlILO Hlt1trackPhoton (TOS)
HLT 2 : HIt2RadiativeTopoTrack HIt2RadiativeTopoPhoton (TOS)
Stripping :
Inclusive hhy (2pi_Line)

Reconstruct the 2h gamma categories :
Kmn & KK & pK hypothesis reconstructed by applying PID-substitution to stripped candidates

Classify h* hy candidates according to largest h-ProbNNx; (x; = m,K,p)
i.e. h==x; if probNNx; (h) > 0.1 & probNNx; (h) > probNNx; (h) for all x; # x;

PID selection
hhy line Reconstruction Data samples + presel

By (K )7 h, hy— Kn | [ [
hl hz — K Cross\fgeds K

B, »(K K) | h,h,—»> KK (— [
_ h1 h2—>pK > | CrossfeedsKK‘ | ‘

+ BKG hl hz — Kp | Cross f;;:ls PK
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Exclusive
samples




BDT SELECTION

Principles (slides master2 ?)
Combi bkg selection
Training

Testing

FoM

Efficiency
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