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Physics motivation

Heavy flavor as a probe to study QGP:

Heavy quarks (charm and beauty) are produced via hard scattering (dominantly via gluon-gluon
fusion at LHC energy) before the formation of QGP.

Energy loss in the QGP (high pr)

Thermalization in the QGP (low pr)

Heavy flavour production in pp collisions:
Address charm and beauty fragmentation properties
Reference for comparison with Pb-Pb and p-Pb data

Heavy flavour production in p-Pb Collisions:
Necessary to disentangle the initial state effects due to the presence of a nucleus.

ALICE Observations:

Nuclear modification factor p-Pb and Pb-Pb heavy flavours participate to the collective
expansion of the system
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Physics motivation @

—_— Address recoiling jet properties

Near-side jet “* Away-side partons
Away-side jet - travel longer path through the medium
4%._ - interact more with the medium
o Hackground - lose energy and get quenched
3 LA . i - Quenching depends on the amount of energy loss
A¢ (radians) * Study of the near side

- to investigate possible medium related modifications to jet
properties and parton fragmentation
- can also be interesting to understand the trigger biases

From di-hadron correlation study:

g r—r 1 1T T
=~ Near-side 8 GeVic <pmg< 15 GeVie + Away-side ALICE -
2 O\ = 2.76 TeV Prasoc Pusy  MI<1.0 L N . .
0-5% Pb-Pbipp  60-80% Pb-Pbipp 1 Study the azimuthal angular correlation of
i [0 Flat bkg W Flat bkg J . . . . . .
- ] o v,bkg + v,bkg 1 particle yields in heavy-ion and pp collisions
' dd! W 1 © e o Mo 1 Relative associated yield
1.0p------- t,.----m----"‘-“’... ------ wh--F-- LA R TR - IaA=Ynn! Yop
I t % where Y,, and Y, are the yields
o8 1 : Fa © b in Pb-Pb and pp collisions.
' 0-5% Pb-Pb/pp I :
AU SN . 10 312 520 y = L [dNTHAR) 40
0.0 4 6 8 10 2 4 6 8 10 - N A Y4
P oo (GeVic) P o (GeVic) tre g (p
Near side: 20% enhancement B Provide experimental input on the path-
Away side: 50% suppression length dependence of energy loss

Similar effect in heavy-flavour correlations? /aa for heavy flavours?
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ALICE detector @

ALICE (A Large lon Collider Experiment)

Heavy-flavour detection with ALICE:

Time Projection Chamber

(Inl<0.9) used for tracking
and PID

ACORDE
EMCal

Inner Tracking System
Chambers

S35 (Inl<0.9) used for
VO detector used LOAN van vertexing and tracking

for triggering and
multiplicity
determination

Time of Flight
used for PID

HMPID —— |
L3 Magnet .. [
[ PHOS | ‘
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D meson-charged particle angular correlation analysis

D-meson signal extraction

@ Invariant mass analysis of D-meson candidates. DO —> K- 7+ 388 + 0.05%

@ Displaced vertices selected via topological cuts
@ PID on decay products

o, 600 — pointing angle 8 ;..
> p -Pb, y% 5.02 TeV :
o 500~ 100M events - ‘ S \ preconstructed momentum
= S (30) = 1458 + 52: X i \x\
© 400- S/B (36) =1.10 ':—-""‘ —K
= [ ] i secondary vertex
2 | ALICE ke 1
‘= 3001 R g -
S ; and charge conj impact parameters ~100 1 m
200} ]

1001

Challenges for D-meson analyses

175 18 185 1.9 1.95 2 2.05
M(Kr) (GeV/c?) B Large statistics needed

# High combinatorial background (in the

reconstruction of D-meson hadronic decays)

B Contamination due to D from B decays
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D meson-charged particle angular correlation analysis

E
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LE min. bias p-Pb, {55, = 5.02 Tev ] 1. Same Event (SE) D meson-charged particle
Correlation via gwoo:— 102M events 3 | I .t | .t df D
S ® o Ace 2 angular correlations evaluated for D-meson
analysis : oL ke candidates in the signal-peak range as well as
& 4000 : e . . . .
N and charge conjugate: in the right and left side-band regions
Left side- 3 . < Right side- _
Band o005 = {00172 £ 0.0003) GeV/c: 3 Band = raw A@-An correlation
(LSB) oo ;Signiis-cg’go (;g% " 144.9::0.9 1~ 424 GeV/c ; (RSB) | |
F ., S[4e 8 ST 2. Mixed Event (ME) analysis for both the signal
v InvariaM Mass (Kx) (GeV/c?) (s)+background (bkg) and LSB+RSB regions.
oo oo 3. Dividing SE/ME: Correct for detector

P e el [

LSB+RSE SR

inhomogeneities and acceptance effect.

| uniy)

§ 55883

4. Remove the background in the signal region

el as estimated from the side bands (Side-Band
| Technique).
(LN (N B BN
dApdAn’ ~ “dApdAn’ T T By N dApdAp PO TS

L where

T —T B => Background under the signal mass
: > peak that we estimate from the invariant
e ' n W St mass fit

il Bsb => Integral of the invariant mass
distribution in the side-band region

ALICE
230 3 CaVe 20012013
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Last Alice-India meeting:

New treatment of the pools:
The SE and ME correlations have to be kept separated among the various event classes (pools)
The SE/ME ratio is performed pool-by-pool. The corrected results from each pool are then summed to

obtain the final results.
SE/ME = SE1/ME1 + ... + SE9/ME9
This allows to take correctly into account possible differences among the various event classes.

This Alice-India meeting result update:
¢ Continue with new pool setting
» DO-hadron correlation analysis in pp 7TeV with pass4.
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Technical details of analysis

<4 Data set: LHC10/pass4-AOD
4 Train output: 126(LHC10b), 127(LHC10c), 128(LHC10d), 129(LHC10e)

<4 Number of event analysed:
LHC10b: 23.8M
LHC10c: 72.M
LHC10d: 124M
LHC10e: 116M
Total: 337M

4 D meson cut: Standard cuts

pp2010

<4 Associated track cuts (info from train log file):

LRSI R ] 1 P |\ [0

B 2O 2 1= ] SO (=1
ST A VR |\ [0
TPC SA.. e sensnenness. NO
No Min number of ITS clusters.........: 3
Min number of TPC clusters............. : 70
Filter Bit....ooeiirreirceerceerecveeeeenes 1
Charge.....ceeiriceirecireceereceeeeeenenns 0

Event Pool settings:
Number of zVix Bins: 3
zVitx Bins:

Bin O.ceeeeecvvreeeenennresecererernenenenes =10.0 = -2.5 CM
=71 o T -2.5-25cm
Bin 2.eeeeeerrerernrr e 2.0 = 10.0 M

Number of Centrality(multiplicity) Bins: 3
Centrality(multiplicity) Bins:

=11 o 1 J——— 0 N  J2{ 0 M0
Bin 1. 2000 - 35.0
Bin 2. 35.0 - 200.0

<4 D meson and track efficiencies are included in this analysis

ALICE-India Meeting
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Result: nEntries for pass4

Faagru |1 2 « nater ol ADDu “* lemradi2 J) « nambor Of CANCRNES LT Wil 0L ““ P0gral] 4| » ramber of DO solocd At 028 *** NIAZEA L) « Svets Ald good verac ** beagrali d) « Pt out o boene

450 )ﬂ_(_)ﬁ nEntriesD0Output0100
— Entries  1.103565e+09
- Mean 6.186
400[- RMS 7.494
350}~
300
250—
200
150}
100}~
50
0 = I I [t 1 1 1 1 1 1 I—p |
NEye MCq gy, V. hys.
SVemM "dse, are., ooVent:g'oOdv aug,”er se"ﬂ}) tig Up Qq?/ OSMI-/ Vs quﬁvgj tsse,ed

&S

[ Total events processed: 431M
[ Selected events: ~337M
M Pileup rejection: 4M
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DO Invariant mass distribution:

Low DO pr 3-5 GeV/c Mid DO pr 5-8 GeV/c

R £ 45op- Mean = 1.865 + 0.001
S 000 Mean = 1.865 + (.000 3 =1.865 £ (.
- Sigma = 0.011 = 0.001 - Sigma = 0.014 £ 0.001
350}~
10 a0k Significance (30) 25.9 # 0.7
e ook S (30) 1311 + 51

B (36) 1249 + 13

200}

800 S/B 1.04
sk Significance (3c) 26.1 £ 0.9 150" (30)1.0495
S (30) 2894 + 117 : ® o0
400 100
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200 50—
ok 1 . qB‘ (39) .0..3p8.q PR " P T | E 1 | | 1 1 | 1
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Without efficiency map only to display Inv mass.

Mean = 1.867 + (.001
Sigma = 0.017 = 0.001

3'5 5—8 8—1 6 180

Signal(s) 2894 1311 0/8 140 Significance (3c) 17.8 4 0.8
120 S (30) 678 + 39
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DY Invariant mass distribution:

hMass Comparing with results from D2H group
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D? -hadron correlations:

High D? pr 8-16 GeV/c Associated track pr>0.3

Signal region corrected by ME (SE/ME) - Poolsint Sidebands corrected by ME (SE/ME) - Poolsint
gn | " heorr_side | Signal region(SE/ME) after sisebands({SE/ME) subtraction - Poolsint
LS B+RSB(S E/M E) Frmes = : ; heorr_subtract
s 1 s Signal region after JErwr==
SEE SRS e . . Meanx  1.579
nax  w| ] max W SideBand correction |t
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D° -hadron correlations: Associated track pr>0.3 @

Signal region after sidebands subtraction - Normalized to # of triggers

Signal region after sidebands subtraction - Normalized to # of triggers hsubtract_norm
hsubtract_norm M 3 d DO 5 8 G V/ hE"I:;ries 261826152
Entries 65261 B I pT < eV/c an .
. B RMS 1.813
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Signal region after sidebands subtraction - Normalized to # of triggers
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D° -hadron correlations: Associated track pr>1.0 @

Signal region after sidebands subtraction - Normalized to # of triggers
hsubtract_norm

- Entries 21922 c hsubtract_norm
5 - 81— Mid DO 5-8 GeV/c Entries
35k High DO pr 8-16 GeV/c e 'thal L F Tl
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Signal region after sidebands subtraction - Normalized to # of triggers

Signal region after sidebands subtraction - Normalized to # of triggers
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DO -hadron correlations: pass4 vs Pass2 Associated track pr>0.3 @

Comparison pass4 & pass2 ngh DO pPr 8-16 GeV/c X pass4 & pass2
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D? -hadron correlations: pass4 vs Pass2 Associated track pr>0.3 @

Err Comparison pass4 & pass2 Err Ratio pass4/pass2 data
0.
®  Passd cata ® Emrpassd/ Em
0.35 ® Pass2 cata ® Errpass2/ Er-phes2
1.6
0- ]
& High DO pr 8-16 GeV/c
p S
2 0.25}- 19
p S
0.
0 0. >
© ot
49 0’0’ e * o ’. .’ - 0‘0’
1l s oife® - * 0% .0 e . o o
=l
d;’ 0.05
h 11[11111111111111llllllllllllll 011'11111111111111llllllllllllll
(@] -1 0 1 2 3 4 -1 0 1 2 3 4
= A0 Ao
o Err Lomparison pass4 & pass< I Hauo pass4/pass< aaia
m O.A
I: ® Passd cata ® Emrpassd/Em
(U ® Pass2 cata . ® Errpassy/ Err-ppes2
0.35
Q.
S o
o
@) 0.25
0.
0.15
0.1
0.05

ALICE-India Meeting Somnath Kar Date: 06.02.2016



D? -hadron correlations: pass4 vs Pass2 Associated track pr>1.0 @

Comparison pass4 & pass2 Ratio pass4 & pass2
6 B DO Cor Companson 3 L 00 Cor Compane and Rgno Piots
o L @ DasSADESSL
™ ® pass2 25 B Dass2passe

High D° pr 8-16 GeV/c

Comparison pass4 & pass2 Ratio pass4 & pass2
D0 Gorr Gompansen Piols 3¢ DO Gorr Gompan and 1o Pioss
o passd ® passapassy
® pass2 25 B pass2pass?
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D? -hadron correlations: pass4 vs Pass2 Associated track pr>1.0 @

Err Comparison pass4 & pass2 Err Ratio pass4/pass2 data
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® Passzadma ® Errpass2 Em-phss2

1.5

N

Q 0.
e 0.5
B 0.4
-c 0.3
Q@
5
Q E— ) 1 2 3 4
; A0
"5 Err Comparison pass4 & pass2 Err Ratio pass4/pass2 data
g 1 it 2 ® Err-passd/ cn-iuz
.2 0. ® pPass2 oma 1. ©® Err-pass Er-phss2
&= 0.
g— 0
8 0. Mid DO pr 5-8 GeV/c

0.

0.

0. Low DO pr

- * -
o2t * IR TR . in backu
:.’:::0 ..’ *.. "“ 0.03.0:00 C pS
0.1 *ge oot
lllllllllllllllllllllllllllllll __‘lllllllllllllllllllllllllllllll
-1 0 1 2 3 4 -1 0 1 2 3 4
A0 A0

ALICE-India Meeting Somnath Kar Date:



< Checked for pass4 data pp@7TeV for different D° pT ranges and associated pt thresholds
with D meson and track efficiencies. Significance of inv. mass looks good for pass4.

< Comparison with pass2 data (plots are taken from Alice-twiki page, used for our upcoming
paper).
< Comparison for the weighted error with pass2

Thanks to other collaborators of PWGHF-HFCJ group

Future plan:
M Continuation of data analysis for Run |l data.
M We are making common correlation analysis structure for D9, D+, D™+
for future, trying to reduce the error coming from codes only.
M We are doing QA for Run |l data along with PWGHF-D2H group.
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D? -hadron correlations:

Mid D° pT 5-8 GeV/c

Associated track pT>0.3

Signal region corrected by ME (SE/ME) - Poolsint Sidebands corrected by ME (SE/ME) - Poolsint

hcorr_sign hcorr_side Signal region(SE/ME) after sidebands(SE/ME) sublraction - Poolsint
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D? -hadron correlations:

Low DO pT 3-5 GeV/c

Associated track pT>0.3

Signal region corrected by ME (SE/ME) - Poolsint Sidebands corrected by ME (SEME) - Poolsint
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D° -hadron correlations: Associated track 0.3<pT<1.0 @

Signal region after sidebands subtraction - Normalized to # of triggers Signal region after sidebands subtraction - Normalized to # of triggers
hsubtract_norm - hsubtract_norm

E ; Entries 43447 3.5— A DO . ~ Entries 18199:0
Yl High D° pT 8-16 GeV/c [TV IIRES : o152
- 31—
3.5 . +

Signal region after sidebands subtraction - Normalized to # of triggers
hsubtract_norm

° - Entries 781410
- Low DO pT 3-5 GeV/c NG EEI
- RMS 1.808
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D? -hadron correlations:

Low D0 pT 3-5 GeV/c

Associated track 0.3<pT<1.0

Sidebands corrected by ME (SE/ME) - Poolsint Signal region(SE/ME) afer sidebands(SE/ME) subltraction - Poolsint
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D? -hadron correlations: pass4 vs Pass2 Associated track 0.3<pT<1.0 @

Comparison pass4 & pass2 Ratio pass4 & pass2
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D? -hadron correlations: pass4 vs Pass2 Associated track 0.3<pT<1.0 @

Err Comparison pass4 & pass2 Err Ratio passd4/pass?2 data
04
®  Passd gata < mmswenjxsz
0.35 9 Paszama ® Ermpass2 Emphss?
1.6
053 -
High DO pT 8-16 GeV/c
0.25[-o
2
- -
e 0.2 ® e o ** oo
- -
b - . o ’“ °
m 0.15 "‘.0 ’. P, - . P, “'
i . o *o setee, P
e . * o ee oo *°, *®
S 0.1 «** * .
L
(@ 0.05
: | | | | | 1 | | | | | |
cll 1 1 1 1 1 1 1 A1 1 1 1 41 1 1 1 1 1 L _1 1 Oll 1 1 1 1 1 1 1 2 1 1 4 1 1 . 1 1 1 11 1
8 -1 0 1 2 3 4 -1 0 1 2 3 4
e Ao Ad
(4v] CIT LUINPAnsull Ppass4 o Passc CIT NAUU Pass4/pass< uala
o 4
E — ® rPassqaata ° mmsw:njxsz
o 0.35 ©® Passz data N ® Empass Emphss?
0.3
0.25
0.2
0.15
0.1
0.05
clllllllllllllllllllllllllllllll 0lllllllllllllllllllllllllllllll

-1 0 1 2 3 B -1 0 1 2 3 4
Ao Ao

ALICE-India Meeting Somnath Kar Date: 06.02.2016



D? -hadron correlations:

Mid DO pT 5-8 GeV/c

Associated track 0.3<pT<1.0
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D? -hadron correlations:

High D° pT 8-16 GeV/c
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D? -hadron correlations:

Low D0 pT 3-5 GeV/c Associated track pT>1.0
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D? -hadron correlations:

Mid DO pT 5-8 GeV/c

Associated track pT>1.0

Signal reglon(SE/ME) after sidebands(SE/ME) subtraction - Poolsint
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D? -hadron correlations:

High DO pT 8-16 GeV/c Associated track pT>1.0
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D? -hadron correlations: pass4 vs Pass2 Associated track pT>0.3 @

Low D9 pT 3-5 GeV/c

Comparison pass4 & pass2 Ratio pass4 & pass2
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D? -hadron correlations: pass4 vs Pass2 Associated track 0.3<pT<1.0 @

Low D0 pT 3-5 GeV/c

Comparison pass4 & pass2 Ratio pass4 & pass2
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D? -hadron correlations: pass4 vs Pass2 Associated track pT>1.0 @

Low D0 pT 3-5 GeV/c

Comparison pass4 & pass2 Ratio pass4 & pass2
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D? -hadron correlations: sample fitting Associated track pT>0.3 @

High D° pT 8-16 GeV/c Mid DO pT 5-8 GeV/c
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