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Outline

Data an lysis experience

. lor thesis (DESY, Hamburg, Germany)
s - Y(2S) mesons photoproduction at HERA collider.
~ . Master Thesis (FERMILAB, Batavia, US)

— Top quark spin correlation measurement based on
DZero data.

‘Work with hardware
Practice at LAL (Orsay, France)

— Construction of plate for Smith-Purcell radiation
polarisation measurement at SLAC.
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Bachelor thesis motivation

e Y. S) -> J/W i’ decay
| — first measurement by

e (yp — Vp) [nbl

;' . Separation of y(2S) meson :
~ production processes: |

: (Q* <1 GeV?- JB method)

S [Andrii Terliuk] (Q*>1 GeV*- |
lectron method) o |
ension to the currently finished 24, R 1(15)1"
lysis on HERA | data with H1 " e e ﬁ ;
tor. o' L .
1 10 107
ross section calculation. W,y (GeV]
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Main steps of analysis

« Using preselection code with
special cuts Y(2S) candidates
In PHP serch;

p e U Sl e Y(2S) and J/Y(1S) mass

FDG m, = 3.686 GeV. distributions construction:

e Control plots for main
kKinematic variables;

e Y(2S) yield, acceptance vs. W
and cross section calculation
in first glance.
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w(2S) yield vs. W
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. Conclusion for bachelor thesis
5) mesons photoproduction at HERA collider

W(2S) in PHP preselected

Mass distribution of w(2S), J/W(1S) and
control plots were presented for
comparison data and MC.

Kinematic variables were calculated and
W(2S) yield vs. W presented.

Acceptance and cross section vs. W
were calculated (first glance).

Olena Karacheban, Kyiv National University



Master Thesis motivation
Channel: &t -~ W'Wbb —llvv bb

., * Why top quark? - Its lifetime is
short, so there is no top-quark
v hadronization. It allows to keep

proton primary spin correlation.

* Why dilepton channel? - Top-

b quark spin orientation
determinate anqular distribution

Iy of decay products. Charged

leptons are the most sensitive

detectors, so dilepton channel is

the most sensitive.

2 antiproton

08 Aug 2012
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uced by the strong interaction
rized, but have correlated spins.

» Like configuration of top

5#7 { quarks' spins «— from quark-

antiquark annihilation or

Erldg) Eplgeh

unlike helicity gluon fusion.

= 7 =
//1-, » Unlike configuration of top
Feg, quarks' spins<— from like

{ helicity gluon fusion.
/ V4 At Tevatron it's big spin
correlation effect because

v e of domination of quark-
1 L7 antiquark annihilation.
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teps of spin correlation analysis

. Comparison of data, preselected by Top-

group and MC.

Probability calculation for MC with spin
correlation (H=c) and without spin correlation
(H=u).

Discriminant R construction for separation of
two hypotheses.

Cuts optimisation and estimation of precision.

Measurement of spin correlation in data after
e-e and u-u channels including.

Olena Karacheban, Kyiv National University 10



I probability calculation using
matrix element method

1 . .
/ fPDF(q1) fPDF(qz)dqldqz(Q’?T) |M(y; H)l
Oobs P

is two hypotheses: H = c — spins are correlated, as predicted
SM and H = u - spins are not correlated.

, 42

W(:‘E: y) d(I)ﬁ

- energies of colliding partons

- partons distribution function

- gq — tt observed cross section of the t-quark
- the matrix element

- the detector resolution function, which describes the
probability for y to be measured as x

- an element of the 6-body phase space .



er of the discriminant variable
R for two integration methods:
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spin correlation measurement

o SM spin corr.  No spin corr.  SM spin corr.  No spin corr.
- Rmean value 0.50062 0.489872 0.498985 0.485291

* It is necessary to extract the fraction f of events where the
spin correlation of the tt production is preserved in the top
decay over the total number of events

-+ Toextract the fraction f we need to generate ensembles with 5
. proportions of every type MC:

e 100% MC with spin correlation

25% MC with + 75% MC without spin correlation

90% MC with + 50% MC without spin correlation

715% MC with + 25% MC without spin correlation

100% MC without spin correlation 13



Ensembles fitting

85'1s our pseudo data. We can do measure-

, many times as we want. We need to fit each
nble in corresponding proportion of templates (x%
with corr. + y% MC without corr.)

We have 100 ensembles for each proportion. Fitter
answers we can descrlbe with Gaussian distribution, is it

Prob 0.9825 - Prob 0.1335
p0  0.5358+0.2285 25— Constant  26.26 + 4.07

- Mean  0.5647 + 0.0283
20 Sigma  0.2027 + 0.0231
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cuts and background including

ble for generated fraction 1.0 we can calculate
cervaltie | B06illort0 21 176

Fraction mean value Error mean value
- f(x)=p0+p1*x 0.26 P f(x)=p0+p1*x
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Conclusions

DO L=5.4 fb « Work has been started on
the ensembles testing
procedure and fraction of
events with correlation

extraction.

Future plans

» After cuts optimisation,
programs package

68.0% C.L.
95.0% C.L. modernisation and
. 99701 including of e-e and p-u
1 2 channels we will do
fmeas measurements in data.

ill be continued during my stay at Fermilab next three month.
there is to write note, master thesis and start preparing of

uring this time. o



Practice at LAL

ussing of the light study

nstruction of plate for Smith-Purcell radiation
" polarisation measurement at SLAC

. » Pyroelectric and thermopile detectors signal
comparison

| Thermopile detectors sensitivity measurement
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' Main parts:

. 1) Laser Diode Module;

2) Plano-convex lens, f=150 mm:;
- 3) Cube-Mounted Beamsplitter;
1 4
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) Detector in cover;
) Photodiode - in quality of
. reference.
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pyroelectr.
detect. size

(D=1,5mm

thermopile
detect. size
(A=1,5mm)
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el
- Compound Parabolic Concentrators focus study

Output rays have two .- ~ . ‘
components: ~

not reflected rays — diameter
2.5mm circle in the centre like
CPC exit diameter.

reflected part - ring around
small circle in the centre.

Moving the screen, we
measured ring diameter and

get value of diverging angle:
p=55,5".

| If to overshadow, for Left
~ example, left part of the B —— :
. concentrator, we have on
. the screen : _ ¥




Drawung nf plate fnr
polarisation measurement.
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Final construction of
plate but without tubes.

Expected price: 300 euro for mounting details +
260 euro mimrors +
plate + polarizer.
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' We used pyroelectric and thermopile detectors.

Signal from thermopile detector is stronger and have less noise (yellow).
For pyroelectric detector we used operational amplifier (blue signal).

22



Thermopile detectors sensitivity measurement

To find how small signal we can detect with thermopile detector we used
Black Body source. Smallest signal which we've detected is 0.55 uW,
but we want to try go futher.

Thermopile detector. Black Body signal measurement. Thermopile detectors sensitivity measurement
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Nuclear physics theory

Methods of registration of
uclear radiation

uantum Mechanics

lethods of the experimental
8 processing

ering Theory
n Physics

Important courses

Quantum chromodynamics
High energy physics

Modern Problems of Nuclear
Physics

Advanced programming
techniques in nuclear physics

The use of programmable
logic in high energy physics

Theory of elementary
particles

MatLab modeling of charged
particles penetration in matter

24



Interests

SY pays a lot of attention for new

| technologies and detection systems

development, reconstruction of detectors.

Research of FCAL Collaboration, related to
creation of special calorimeters in the very
forward region is very important for future
detectors. New techniques will allow to receive
data, with is not available for us now.

| started work with hardware not so far, but I'm
very interested in writing of PhD thesis related
to high energy physics detection systems, |
believe this work will be productive and will
become a business card in my future work.

25



Backup slides



Introduction

« Q? — the photon virtuality
(PHP - Q*=0)

* W — invariant mass of the
VP system

* |[t| - 4-momentum transfer

squared at the proton vertex | ¢* = —¢# |s
g = % w?
y =% |F
g = k-K|t

(k+p)*
(q+p)°
|f e tmin

(¢ -p)=(v-q)

Olena Karacheban, Kyiv National University

27



:“-1‘_. Y.

Dy channel and mass distribution

Decay channel
= (2S) — JA(lS)m'm BR (33.6x0.4)%
= J/Y(1S) » p'Ww BR (5.93+0.06)%

= Total decay probability : 1.99%

_______ I e e B e T
: !..t «n | No PHP and DIS separation
ﬁw(ZS)
=+ (narrow PDG
o TasS .m _ =3.686 GeV
Ew.'ndﬂw) wiEs

. m, .o = 3.096 GeV

mEbE NV

Olena Karacheban, Kyiv National University 28



Exclusive w2S)->J/w(1S)m*m in PHP

Cuts

| = Tracks from primary vtx only.
= Trk_layouter > 3

- = Ntracks=4 :

.+ 2 tracks with charge “+"” and 2 with “-”

- =Empz zu < 20 GeV

= |Zvix|<30 cm

= No electrons : Sincand = 0 with Siprob > 0.9
= Kinematic : Q> < 1 GeV?, W < 200 GeV

Data: CommonNtuple 03, 04, 05, 06e, 0607p
MonteCarlo: diffvm

Luminosity : 368,613 pb’

Olena Karacheban, Kyiv National University
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Data selection

- Primary vertex is in the collision region: | z | <60 cm;

"+ At least 3 tracks are associated with primary vertex;

- At least two isolated /eptons with p_> 15GeV and
. opposite charges:

For ey channel:
at least one jet with p_> 20GeV. To increase the
o of the signal also requires H > 110GeV.

L 08 Aug2012

Olena Karacheban, Kyiv National University
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Control plots for jets.
“In ey channel 488 events tt selected.

D Z-=01:86. 3822
h_ljteta_zIl h_ljtphi_zll

- Z HF bekg: 16605093 ggﬂ Moan 001122 EGD - Megan 2983
- — [
RMS 0.9026 | RMS 1.
= E_ T o
wl L

- Dibosons: 18,6282
B e

2 4 5 6

3
1Jt_pT IJt_eta 1Jt_phi

100 150 200 250

e
h_nljteta_zxIl

h_nijtphi_zll
- Z HF bckg: 16835065 _g?o: Moan -0.01067 -EGU - ean 303
= RMS 1.06 = ms] Y2
- Dibasons: 18. 7327 =Eﬂ =
wl L L

200 250 6
niJt_pT nlJt_eta niJt_phi
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D Z.=01:0.819827
- Z HF bekg:1.384T63
- Dibrasons 0593543

100 150 200 250
Jt_pT

[ zero
- Z HF bekg:1.3860 54
- Dibosons:D.59TEIT

150 200 250

niJt_pT

h_ljteta_zIl

15[

10

hloan -0.001874
RME 0.6

2 3
IJt_eta

h_nljteta_xzll

hloan 00001221
FMS 05329

anel 134 tt events selected. (488 before b- taglng)

h_ljtphi_zIl

Mean 2981
RMS 1.729

4 S5 6

1Jt_phi

h_nljtphi_zil

Mean 3.019
RMS  1.73T

4 5 &
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Study of aberrations

- We used special screen with narrow 1mm slit and 3 short separated
- slits lying on one line (a).

- If to install the screen with slits in the center of the diverging beam
- before the mirror, only central rays could pass through slits, rest
- part of the beam will be overshadowed by screen. Then we start
- moving screen and discover changes of the aberrations.
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Inal construction of plate for Smith-Purcell radiation
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~ polarisation measurement at SLAC.
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After OAP and CPC study we decided to use OAP for focussing,

because In telescope system we can receive not divergent rays -> we
have no comma; CPC focussing ability depends a lot from its position.
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