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 LHCDb 1s a forward detector (2 <n <5) designed to study b
physics
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v Very precise vertex location (orp = 20 um)

v Excellent tracking resolution (Ap/p = 0.4 - 0.6 %)

v Very good PID performances

v High-granularity calorimeter for photon reconstruction

v Three-step trigger reducing the rate to 5 kHz
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 LHCDb 1s a forward detector (2 <n <5) designed to study b
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Trigger, e/y ID and energy
v Very precise vertex location (orp = 20 um)

v Excellent tracking resolution (Ap/p = 0.4 - 0.6 %)
v Very good PID performances
v High-granularity calorimeter for photon reconstruction

v Three-step trigger reducing the rate to 5 kHz
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 LHCDb 1s a forward detector (2 <n <5) designed to study b
physics

LHCD Integrated Luminosity pp collisions 2010-2012

= e
v A total luminosity of ~ 3 fb-! has been L L e ume /
. raf- A
recorded during LHC run I 3 s
. . . of | ,/"/
v A luminosity upgrade is foreseen f‘{ :
during the long shutdown of 2018-2019 ﬁ/ e
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__Photon polarization at LHCH_

Motivation

* b — sy transitions happen through FCNC penguin loops

* New Physics (NP) effects can affect the angular variables

v b — sy photons are left-handed in the SM
v NP models (e.g. MSSM) predict a large right-handed component

v photon polarization Ar is affected 9 9
a A\ Cr|  — |CL
g

v Ar has not been measured yet crl? + lep|?

cLr are the b — s yLr amplitudes
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_Photon polarization at LHCD_

Measuring the polarization

+(NP)  ~(SM)
Im(C; N /CSM)

* Various (complementary) methods have been proposed for the
determination of Ar

v Time-dependent analyses of B) — f*Py (e.g. Bs — ¢y, B" — Kgsn'y)
v Transverse asymmetry in B® — K171
v Angular distributions of b-baryons: (e.g. A, — AVy, Ep — ZMy)

v" Angular distribution of radiative decays with three charged

particles in the final state (e.g. B* —» K*n* 1*y)
[Becirevic et~al.]
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Theory
e The decays B* — K*n* n*y are studied B fast Q
\ ,"/' ﬁna slow
I_Sn,slow X ﬁn,fast R / >
* The decay rate reads yf)

dI’ | |
" X Z a; cos 0 4+ A\ Z a; cos’0

i=0,2,4 j=1,3

* The up-down asymmetry

1 dar 0 dr
— fO dCOS0dcos¢9 f—l dC089

dcos 0
A
ud = 1 dr
f—l dCOS 9 dcos 6

v proportional to Ay

[Gronau et al., PRL8S (2002) 051802]
[Kou et al., PRD83 (2011) 094007]
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__Photon polarization at LHCH_

Theory
* Up-down asymmetry originates from the interference between

v intermediate resonance amplitudes

K1(1270)" — K*(892) 7™

— p(T70) K" Bras 7
. R \ Pr.slow
v §- and D-wave amplitudes Pralow X Prfug 5 — g
K1(1270)" — K*(892) 1" &
JE 1t 5170
L =0,2

v two intermediate K™ with different charges

1§ (1270)0 — K~ (892)07TO Only for neutral
S K* (892)+7T_ modes !

|Gronau ef al., PRL88 (2002) 051802]

7

CHIPP/ SPS 2014 Meetine. July 1. 2014 Giovanni Veneziano



Photon polarization at LHCb

Analysis strategy & results

30.11. 2012 7:38:50
Run 133391 Event 1378289111 bld 1561

event selection

pre-selection boosted decision tree
Track IP y? > 16 TMVA overtraining check for classifier: BDT TMVA
Max track pr > 1200 MeV/c I I - I —
Min track pr > 500 MeV/c 1’; j_:, Signal (test salmple) ! ® Signal )training samplel) 7
~
K Prob(K)*(l—K Prob(w)) > 0.2 % :@ Background (test sample) ® Background (training sample) ]
7t Prob(n®)*(1-7" Prob(K)) > 0.2 = 2 | Kolmogorov-Smirnov test: signal (background) probability = 0.848 (0.918) |
7~ Prob(77)*(1-7~ Prob(K)) > 0.2 = B 4 i
K*r 7t vertex isolation y? > 2 4 :_ . _:
K, vertex 2 <20 : BDT variables 12
B mass-constrained my+,-r+ mass window (1100, 1900] MeV/c? -, BIP )(2 ] z
Photon Er > 3000 MeV " Tracks IP 42 1%
Photon CL > 0.25 and # 0.5 C B l; - 15
ight distan -
Photon/n® separation > 0.6 2 ght distance o] s
B pr > 2500 MeV/c - Bvertex - PV angle | 1=
B vertex x? <20 11— —2
BIP ¥ < 20 n 13
K+ 7= 7% mass > 2000 MeV/c? ok 1S
7+ 70 mass > 1100 MeV/c?
Fiducial cut on [p,| < 0.317(p, — 2400) MeV/c BDT response
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_Photon polarization at LHCDH_

Analysis strategy & results

[LHCDb collaboration, PRL 112, 161801 (2014)]
<3000 3
> : -
= 2500 - LLHCb E
e Full mass fit S 000k E
J 3 fb_l Of data é 1500 Signal =
o F e T Missing pion bkg ]
J S 149000 Slgnal events LE 1000 ".",': K Partially reconstructed bkg ]
500 : """"" Combinatorial bkg _:
v the background-subtracted Knm mass : k A 5

5060 . SSOOl 6000 6500
M(Knry) [MeV/c?]

. . 0- P
spectrum 1s determined 4500

v the distribution of signal events in bins of

cosd 1n four Mxaxr Intervals 1s obtained
[LHCb collaboration, PRL 112, 161801 (2014)]
J K Mass Width Y 350;_ | {h! I I o
> 300 | | | =
" K1(1270) 1272+ 7 90 + 20 c b | | 'LHCb E
K1(1400) 1403 + 7 174 £ 13 oo UF {* ﬁh | |
T 200F | |} | | -
Ll Ka10) | 11 232+ 21 g0 I#W{L## I :
K*(1680) 1717 £ 27 322+ 110 3 : +# | | HH}++ {ﬂlf
< 100 |
2+ | K*2(1430) 1426 + 2 99 + 3 S f ] ﬁ##* s a4
S | T
. |_K2(770) 1773 + 8 186 + 14 N O R R s
| ko820 1816 + 13 276 + 35 1200 1400 1600 1800
M(Kmr) [MeV/c7]
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_Photon polarization at LHCb_

Analysis strategy & results
* Angular distribution fit

v 4th-order function of Legendre polyilomials
f(COS é, Co :05, C1,Co,C3, 04) — Z CiLZ‘(COS é)

1=0
[LHCDb collaboration, PRL 112, 161801 (2014)]
(G% B U L L (% T
8 1= ] 8 1= ]
S LHCb >
Z 0.3 Z 0.3
X X [
7 0.6 7 0.6 . O)
0.4 04f
021 R 02 -
- [1.1,1.3] GeV/c? 1 - [1.3,1.4] GeV/c? .
O P R TR SR (N SR S SN SO NN SO SO NN S NN S S S O PR T N RN (N S SO S SN AN SN SN SO S NN SR S S
-1 05 0 0.5 1 -1 0.5 0 0.5 1
coso cos
<% B <% |
8 1? 8 1; ]
= | =2 |
Z 0.8} Z 0.8];
X X [ .
7z 0.6} 7z 0.6} 39 1s the angle that
o4l ~ oal defines the direction
- ] - of the photon wrt
02F 1 o02F .

: [1.4,1.6] GeV/c? ; : [1.6,1.9] GeV/e? |  the normal to the
oL o Knr plane
-1 05 0 0.5 1 1 05 0 0.5 1

coso 10 coso
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Analysis strategy & results
* Angular distribution fit

v 4th-order function of Legendre poly?omials

f(COS é, Co :05, C1,Co,C3, 04) — Z CZ'LZ'(COS é)
1=0

v up-down asymmetries are calculated

c1 —c3/4
Auvp = /
260
‘ [LHCbT co!laboration, PRL | I2', I6I89I §20I4);| _
2 b _ .
| | | L HCh g A nonzero Ayq 1s found
005 e g at 5.2 o significance level !
O :
005 1N l .
SR N 5 ,
O01F | W T - 1 st observation of photon

Ty FTE polarization in b — sy transitions
M(Knr) [MeV/c?]
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Photon polarization at LHCb_

* This result has renewed the interest of the scientific community
on this subject

week ending

PHYSICAL REVIEW LETTERS 25 APRIL 2014

£

Observation of Photon Polarization in the b — sy Transition

PRL 112, 161801 (2014)

R. Aaij et al.”

(LHCb Collaboration)
(Received 27 February 2014; published 22 April 2014)

This Letter presents a study of the flavor-changing neutral current radiative B* — K*zF 7ty decays
performed using data collected in proton-proton collisions with the LHCb detector at 7 and 8 TeV center-
of-mass energies. In this sample, corresponding to an integrated luminosity of 3 fb~!, nearly 14 000 signal
events are reconstructed and selected, containing all possible intermediate resonances with a K=z 7z final
state in the [1.1, 1.9] GeV/c? mass range. The distribution of the angle of the photon direction with respect
to the plane defined by the final-state hadrons in their rest frame is studied in intervals of K*zF 7+ mass and
the asymmetry between the number of signal events found on each side of the plane is obtained. The first
direct observation of the photon polarization in the b — sy transition is reported with a significance of 5.2¢.

m
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Toward the determination of A

 In order to achieve the first measurement of Ay, a Dalitz analysis
will be performed

* The mass distributions of the final tn, Knt and Knwt states will
be exploited to build a multidimensional Dalitz plot, allowing
us to study the interferences between the resonances peaking in
the Kt mass interval of interest

* Once the resonances contributions are separated, a resonance by
resonance Aud will be calculated

mzac .,

example of Dalitz plot
Ri — R2(— ab)c — abc

| 2ab
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_Photon polarization roadmap N———
determination of Ar |
[_ New Physics ? _]

r B —
LHCb Upgrade

ol -
{More (and better) data

3

Observatlon of e
photon polarization SEmssen =
e, et
NeW approach using Aud
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__Photon polarization roadmap

(_ Precise |
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[ New Physics 2 _]

r — . B —
LHCb Upgrade

— | * —
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Ist detrmia

\ of v
il o
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THAME 0L
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' y [ Observationof |SEEE———
photon polarization | SEpRE T
[ New apprach siud *j _» | ‘ __
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_____Photon polarization at LHCb

* Photon polarization can be inferred from the
kinematic distribution of the hhh three-body decay

3 body decay /&_}

o Ku/d

" (From E.Kou)
Right

* It requires three bodies to form a parity-odd triple
product pr - (P1 X p2)

* The sign of the triple product 1dentifies the photon
polarization

Bl
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__Photon polarization at LHCb

« The photon angle 9 1s defined as the angle between -py and
the normal to the plane defined by psiow X Pfast

B2
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_Photon polarization at LHCb_

* A loose preselection 1s applied after the Stripping selection

Track IP 2 > 16

Max track pr > 1200 MeV/c
Min track pr > 500 MeV/c
K Prob(K)*(1-K Prob(m)) > 0.2

7 Prob(n™)*(1-7" Prob(K)) > 0.2

7~ Prob(n~)*(1-7~ Prob(K)) > 0.2

KTn~ 7" vertex isolation y? > 2

Kes vertex 2 < 20

B mass-constrained mg+,-+ mass window (1100, 1900] MeV/c?
Photon Er > 3000 MeV
Photon CL > 0.25 and # 0.5

Photon /7" separation > 0.6

B pr > 2500 MeV/c
B vertex 2 < 20

BIP ? < 20

K* 7= 7% mass > 2000 MeV/c?
7t 7¥ mass > 1100 MeV/c?
Fiducial cut on |p,| < 0.317(p, — 2400) MeV/c

* A multivariate approach 1s used to discriminate between
signal and background
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* A Boosted Decision Tree (BDT) is used

* Background (data
sidebands) and signal
(MC) for our BDT

variables

 variables that may be
not well described by
MC have not been
added 1n the BDT

(pre-selection)

Input variable: K_1_1270_plus_ENDVERTEX_CHI2

(1/N) dN/ 0.512

4 Background

2 4 6 8 10 12 14 16 18 20
K_1_1270_plus_ENDVERTEX_CHI2

Input variable: logpiminus_MINIPCHI2

(1/N) dN / 0.245

0.05

6 7 8 9 10 11 12
logpiminus_MINIPCHI2

Input variable: logB_FDCHI2_OWNPV

(1/N) dN/ 0.4

03 T T
0.255
0.25
0.155
o1

0.05 F

8 10 12 14
logB_FDCHI2_OWNPV

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

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

Input variable: logKplus_MINIPCHI2

(1/N) dN/ 0.225

0.3

0.25

0.2

0.15

0.1

0.05

6

7

8 9 10 11
logKplus_MINIPCHI2

Input variable: logpiplus_MINIPCHI2

(1/N) dN / 0.231

0.25

0.2

0.15

0.1

0.05

8 9 10 11 12
logpiplus_MINIPCHI2

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

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

nput variable: logB_IPCHI2_OWNPV

o 0§ T——T——T T
<o} C
3V [
2 osfF 2
z - S
= oa4f S
= : 2
0.3F =
i s
L o
02F e
C o
s )
0.1F B
g 3
o =]
-8 -6 -4 -2 0 2

logB_IPCHI2_OWNPV

Input variable: logacosB_DIRA_OWNPV

(1/N) dN/0.165

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

logacosB_DIRA_OWNPV
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 BDT performance

* response and overtraining

TMVA overtraining check for classifier: BDT

| | | | | | | | | | | | | |
:- Signal (test salmple) | ® Signal J training samplel)

® Background (training sample)

x

©

~

< | Background (test sample)

© 5 —

Zz r

S

z B
41—
3 -
2 -
1
0 o

Kolmogorov-Smirnov test: signal (background) probability = 0.848 (0.918)

-0.4 -0.2 0
BDT response

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

» signal/background optimization gives BDT response >~ -0.18
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_Photon polarization at LHCb_

Analysis strategy & results
* Angular distribution fit

v the fit parameters ¢; are determined

[1.1,1.3] [1.3,1.4] [1.4,1.6] [1.6,1.9] GeV/c?

¢/ 63417 54420 43419 —46+1.8 x1072
¢y 31.64+2.2 27.042.6 43.14+2.3 28.04+2.3 x 102
c3 —2.142.6 2.04+3.1 —5.242.8 —0.6+2.7 x 102
¢y 3.043.0 6.843.6 8.1+3.1 —6.2432 y 10>
A 6.9+1.7 49420 5.6+1.8 —4.541.9 x 102
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Photon polarization at LHCb

* The systematical uncertainties are given by

* the choice of the fit model

» different shapes are used to describe signal and bkg

* the error 1s assigned as the difference between the results of the
nominal fit and the systematics one

 fixing parameters from simulation

* the parameters fixed from simulation are generated gaussianly
around the nominal fit value accounting for their correlations

* the fit 1s performed many times using these sets of values

300 RMS 14.45

* the uncertainty 1s obtained using the |
central interval criterion at 90% CL

200}

Number of to

150
100}

1
2 |
Iz I
50| In
- "":
\ ! :‘LL“'\ !

0 AN, il ! I | I I I I I I | 1 ]
3620 3640 3660 3680 3700
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* The systematical uncertainties are given by

* bin migration

_Photon polarization at LHCH.

* some events may migrate from one bin to the next one because of
the detector resolution

» pseudo-experiments are generated according to the distribution,
then smeared with the resolution

* the bin-by-bin differences in yield between the smeared and non-
smeared datasets are used to describe the covariance matrix for such

systematics

1400

800
600
400}

200}

cos0 reconstruction bias

1200

1000

1 Mean 3.609e-05

RMS  0.01579

_I | 1 1 4 1 1 1 | 1 1 1 | E— J_ 1

-0.1 -0.05 0 0.05 _ 0.1
BS coso - cos6,
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