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OUTLINE

* Motivations

* Signal and Background
* Detector overview
 Optimization procedure
* Fit strategy

* D*yields

e Conclusions

03/03/15
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¢ Differential cross section for the
inclusive hadro-production of charm
mesons at low p; with initial statepp
and+/s =1.96TeV: extension of
the previous CDF measurements

¢ Theoretical models for npQCD have

big uncertainties at low p;
(M. Cacciari et al., JHEP, 05:007, 1998)

m Initial state | Vs [Gev]

Many expt’s K, p, Tt up to 40
CERN, FNAL Nucl. tgts. See backup
LHCb pp 7000
ALICE pp 7000
03/03/15

MOTIVATIONS

PRL 91,241804(2003)

W
T 1

—h
(=]

do/dp;, lyl<1 [nb/GeV/c]
)

'
IIIIII llllllllllllllllllllllll Illlll

02 4 6 8 10 12 14 16 18 20
p; [GeV/c]

D+ cross section at low p; 3/20




SIGNAL AND BACKGROUND

W: D+%K_‘7-L-+n+(+c.€.) BR: (913 + 019)%

Secondary.component: B —~D'X

Combinatorics
MC pT(D+) € [6.5, 14.5] GeV/c
£0.15
; B wmcPromMPT
DIRECT PRODUCTION SECONDARY PRODUCTION ] | MC SECONDARY
D* points back to the D* has larger impact parameter 3
. . ©
Primary Interaction (PI) T 01l
it 2
K S
n+ D+ e L
+ - rd
Ple.. Dl . K- Pl oD N e -
\ dy .7 N 0.05|—
t podd B
X i
0 0 005

dy(D") [cm]
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TEVATRON AND CDF

pp hadron collider Vs = 1.96 TeV

Peak Luminosity: £ = 3.8 ®* 1032cm™2s?

CDF recorded luminosity: 10 fb! (2002 — 2011) ==

A
Tl

» >3 =
\ﬂv 7 0 2'.

e

Minimum Bias sample corresponds to 16 nb!

Main Injector

S ‘mﬂw

DR Colllaer Detector at Frermiiai

 Multi purpose detector
* Inner tracking system, solenoidal magnet (1.4 T)
e Calorimeters and muon detectors
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For Im|<1:
o,1/p;*>= 0. 0007 c/GeV

O4o= 40 um
! END WALL
20 MADRON
Time-of-Flight Detector -
’/'
1.5 SOLENOID *
_-_-_-_-_-_-_-71 -
1.0 ,"" 3 - 28
coT ',/ : 1 sk
* Seven-layer silicon inner s
detector i O i e o ta
* Large outer drift chamber | Lo f mmemmmemm="" -

0

1.0 1.5 20 25 30
svx 1 INTERMEDIATE
5 LAYERS SILICON LAYERS



SIGNAL: BASE SELECTION

CDF Run Il Preliminary 10/fb

3
e Fit on triplet of tracks combined o, x10
together in each event > " p,(D*)>1.5GeV/c
* Common origin for the triplet of = i
tracks? mms) D* CANDIDATE T 2000(- P
/ \ e -
(O] -
l re10 8
ny 20 um X< 10 .g - y
Transverse decay length i ya
ly(D*)| <1 S ,

D* reconstruction:

1000 _

Selection optimization is
mandatory to unfold the signal.

1 1 1 | 1 1 1 I 1 1 1 I | 1 1 I 1 1 1 | 1 1 1
9.2 1.4 1.6 1.8 2.0 2.2 2.4
Invariant K+ mass [GeV/c?]

3 OPTIMIZATION VARIABLES:
p.(tracks), x* and L,
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odd evt-#

r

SELECTION OPTIMIZATION

% sample
before optim.

\\

Whole sample
before optim.

\/\

L

even evt-#

03/03/15

before optim.
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odd evt-#

r

SELECTION OPTIMIZATION

% sample
before optim.

\\

Whole sample
before optim.

\/\

L

even evt-#

03/03/15

before optim.

optimize

—)

optimize

—)

% sample
optimized but
biased

N\

optimized but
biased
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odd evt-#

r

SELECTION OPTIMIZATION

% sample
before optim.

\K

Whole sample
before optim.

\/\

L

even evt-#

03/03/15

before optim.

optimize

—)

optimize

—)

% sample
optimized but
biased

N\

% sample
optimized and
unbiased

N\

ADAVANTAGES OF THE
OPTIMIZATION METHOD
> All data used

l > No bias introduced

| Swap cuts
optimized but optimized and
biased unbiased

D* cross section at low p;
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SELECTION OPTIMIZATION

 We optimize the space of selection configurations

ith selection configuration:

VARIABLE | __RANGE __| __STep

Any two p;(TRK) > [0.4; 1.3] GeV/c pr ; (0.1 GeV/c)
ered = [10; O] ered, m (1)
L 2 [0; 1450] um Ly, » (150 um)
L

* How many selection configurations?

2 . 5 *1010°10 = 10* SELECTIONS
Subsamples p;(D*) bins  Variables cuts 1

4 |
PROMPT-based optimization: |d,(D*)| <100 um 10" HISTOGRAMS!
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PROMPT SIGNAL EXTRACTION

=  Assumption:
in the signal region three components

| |
Prompt | Combinatorics

>econdary

" For each component, the distributions in mass (m)
and impact parameter (d,) are uncorrelated

PDF(m.dy)=f pFy py(mFu(dy)+ f - Fy [(m)Fy(dy)+(1= f y=f O F(m)F(d))
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FIT STRATEGY

= For each p;(D*) bin, 2D fit (m, d,) of the event
distribution

Better than SB subtraction for low statistics

= Two parameters (f,, f;) unbinned likelihood fit
= PDF is normalized to unity for every (f,, fJ)

for each event:

L f pf =1 p s pmEp(d)+ f o F [0mF(d)+ (1= f o= f ) FmF ()
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SIGNAL AND BACKGROUND

SIGNAL REGION: |, -30,m,, +30]

o from MC
ODD sample 6.5 <p(D*) < 14.5 GeV/c Compare d, distributions for
CDF Run Il Preliminary 10/fb left and right Sidebands
% I [ CDF Run Il Preliminary 10/fb
| e ]
G m -
() | e s
o l l $ 0.06-
% S B : | : S B é
;‘% | E } i o004
oF SRR
—-MHHHM ﬁ Hﬁh t W | \E o | Wl“
[ | I MY .. .
| H + E # + ﬂl}w W Wﬁm 00870 0.5 0.00 O.O:O(w) [021.]10
! L KOLMOGOROV - SMIRNOV TEST: 90%

| 1 | 1 | 1 1 1 | |
9.7 1.8 1.9 20
Invariant Knn mass [GeV/c?] We handle them together
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SHAPE EXTRACTION ‘

dO(D+) MC Secondary

Prompt

DATA
MC /\_
Impact-parameter
Fit : Impact-parameter
Impact-parameter Fit Fit in the SBs

L(fp,fs,ép,és,éc)=fp'FP(‘m; dO;H_P))-"fS'Fs(m; dO;H_S))+(l ‘fP ‘fS)' ch(m, doig_c))
1

MASS

DATA
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EVEN EVENTS

N, = 278+24

Invariant mass

ODD EVENTS

N, = 327424

Invariant mass

03/03/15

CDF Run Il Preliminary JL dt=10/fb

Candidates per 4 GeV/c?

= PROMPT
SECONDARY
| SB

KK 2
Invarignt Knr mass [GeV/c?]

-
©

No

CDF Run Il Preliminary JL dt=10/fb

Candidates per 4 GeV/c?

[ PROMPT
A SECONDARY
| SB

Invarignt Knr mass [GeV/c?]

1
1
1
1 ‘ z
1.8 1 1.9 2
1
1
1
1

6.5 < p;(D*) < 14.5 GeV/c

CDF Run Il Preliminary IL dt=10/fb

Candidates per 10 um

SECONDARY
SB

’ PROMPT

CDF Run Il Preliminary IL dt=10/fb

Candidates per 10 um

SECONDARY

2 PROMPT
SB

0.00 0.05

d.(D" Tem]1

0.00 0.05

d, (D*)
SIGNAL
REGION

d, (D*)
SIGNAL
REGION
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EVEN EVENTS

N, = 384+29

Invariant mass

ODD EVENTS

N, = 389430

Invariant mass

03/03/15

ANo

|
- = O =N
A

Candidates per 4 GeV/c?

Candidates per 4 GeV/c?

4.5 < p;(D*) < 6.5 GeV/c

CDF Run Il Preliminary jL dt=10/fb

100

50

150 —

@ PROMPT
it SECONDARY

19 2.0
Invarignt Knt mass [GeV/c?]

-
©

150 —
100

5

o
T
-—-0——#._’_
=
By e

=

2 PROMPT
A SECONDARY
SB

Invarignt Knw mass [GeV/c?]

1

1

1

b .

1.8 1 1.9 2.0

1

1

T

1

1

Candidates per 10 um

Candidates per 10 um

No

CDF Run Il Preliminary JL dt=10/fb

80—

SECONDARY
SB

\ T PROMPT

0.00 ST 005
d,(D") [em]

CDF Run Il Preliminary IL dt=10/fb

100~

& PROMPT
SECONDARY
SB

d, (D*)
SIGNAL
REGION

d, (D*)
SIGNAL
REGION
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3.5 < p,(D*) < 4.5 GeV/c

EVE N EVE NTS ] CDF Run Il Preliminary JL dt=10/fb ] CDF Run Il Preliminary IL dt=10/fb

© 1 5
> 1501 1 ] PROMPT = L 21 PROMPT
0] + 1K SECONDARY T sk | SECONDARY
< L 1 L SB [} i
N - a L ! SB
N,=301+28 : | 1
D = £ 100 ® S
$ ) || d, (DY)
el i
g | H o 0
©

SIGNAL
REGION

Invariant mass sol-

1.9 2.0
Invarialht Knn mass [GeV/c?|

|
|
1
|
1
{ 1 L
1
1
1
T
[}

Ao
l{) o n
Ao

O D D EV E N TS CDF Run Il Preliminary [L dt= 10/ib CDF Run Il Preliminary [L dt=10/fb

N% r : 1 PROMPT §' ] PROMPT
g 150_— : ggCONDARY 'é | :SCONDARY
ND =304+28 : | I'E 8
% 100»- * §
b itk R b
Invariant mass j ::WWWH SIGNAL
y | REGION
! '8 :Invariarit.?(nn mass [GeV/cg].0 d,(D%) [C?T-:])s
3 | 3
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EVEN EVENTS

N, = 366433

Invariant mass

ODD EVENTS

N, = 307+34

Invariant mass

03/03/15

Candidates per 4 GeV/c?

No

Candidates per 4 GeV/c?

2.5 < p,(D*) < 3.5 GeV/c

200

100

200

150

100

50

CDF Run Il Preliminary JL dt=10/fb

5 PROMPT
| SECONDARY

1 | H
1
1 1 + ++
L 1 1
1 1
1 1
: 3
1 1
1 !
i 1 L |
7 1.8 1 1.9 2.0
1 Invari}ant Knn mass [GeV/c?]
1
F T t
F IH I 1 I 1 !
H 1
7 1.8 1.9 2.0

CDF Run Il Preliminary JL dt=10/fb

I PROMPT
SECONDARY

1.9 T 20

1
1
1
1
1
1
1
0.
: Invarignt Knx mass [GeV/c?]
1
1

Candidates per 10 um

Ao

Candidates per 10 um

Ao

2 PROMPT
100 SECONDARY
SB
50— *

L *:#*H}H {#ﬂh}ﬂ 4
bttt B AR
-0.05 0.00 0.05

dy(D*) [cm]
2
2k
-0.05 0.00 0.05
CDF Run Il Preliminary JL dt=10/fb
80— 2 PROMPT
SECONDARY
SB

60 |-
40|
20 - ﬁ J

i f

L b L

4 ety % . . : # M
.05 0.00 0.05

dy(D*) [em]

2
ok
) =
—0.05 0.00 0.05

CDF Run Il Preliminary JL dt=10/fb

d, (D*)
SIGNAL
REGION

d, (D*)
SIGNAL
REGION
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D* YIELDS

CDF Run Il Preliminary 10/fb

2]
o N
© 400~
p-(D*) SAMPLE | YIELDS [ | ==
[GeVI/c] 350
[2.5,3.5] EVEN 366433 goo _“_Jf
ODD 307+34 2505
[ 3.5, 4.5] EVEN 301428
oDD 304428 200;_
[4.5,6.5] EVEN 384429 1501
OoDD 389+30  100[- -+ EVEN
[6.5,13.5] EVEN 27824 I -+ opp
ODD 327424 -
0IIII|III|III|IIIIIII|1I[IIIII
0 2 4 6 8 10 12 14

p. (D*) [GeV/c]

The numbers need not be the same within errors when the selection criteria are different
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CONCLUSIONS

L4 We have presented the D*yields extraction as a function of p;(D*)

Worc
WL
oc Oq(e’SS

J Systematic uncertainties =

J Reconstruction and Triggers efficiency

N M\ MY

* This will be the first collider measurement of the production cross
section of the D* in the range

pT(D+) €[1.520]GeV /c

 Even if ALICE and LHCb will probe the same range, this
measurement still has unique value: different initial state (»r) and
different /s =1.96TeV
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BACKUP
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DATA Event : 13539989 Run : 185848 | Prescaled: 23 ‘
Unprescaled: 13,14.21.23.55
C




Data collected by two triggers:

1.

Zero Bias (ZB)

Events collected every bunch crossing
whether or not collisions occur
Prescale: 10°

Rate ~ 1.6 ev/s

Minimum Bias (MB)

At least one inelastic pp collision

CLC (Cherenkov Luminosity Counters) signal
coincidence

Prescale: 10° + rate limit to 1 Hz at Level 3
Rate ~ 1 ev/s.

03/03/15

DATA SELECTION

D+ cross section at low p



xp—D/D
X >0

~)
3
c
S
©
gw
|~
(3
c
(o]
8
E
(&}

SMRS.P2 (1552)
GRV-P HO (1992}
ABFKW-P1 (1689)

03/03/15

30

35 40
\'s (GeV)

10-

FIXED TARGET EXPERIMENTS

] CTEQEM (2002)

pp — D'/Dr
x>0

CTEQED (2002)

CTEQEL (2002)

MRAST c-g (2001)
MRST 2001 LO

T

20 25

30 . v35' . Y40
\s (GeV)
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SIGNAL: D* TOPOLOGY

‘
xsec
T[+
T[+
p(K")
— > p{(D7)
p(1t*)
p(rt*)

03/03/15
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OPTIMIZATION VARIABLES

Marginal distributions looking at:

. ; 1.8] GeV/c? and
: 1 GeV/c p;(D*) > 1.5 GeV/c
* Signal region: [my- 30; my+ 30] CDF Run Il Preliminary 10/fb
 Monte Carlo (MC): E
—— MC
B GENERATOR mp SIGNAL ONLY ,8 : SIGNAL REGION
g 400_— ' SB
3
= Anytwo pT(TRK) >20.8 :E_] 300 B
GeV/c i
= Maximum and minimum 2001~
|d,| of the triplet =110 um
100
" ered <4 i
[ |_ > 900 Tt ey - i
a Hm 8.0 0.1 0.2 0.3 0.4 0.5
Ly, [cm]

03/03/15 D+ cross section at low p; 6



p;(D*) > 1.5 GeV/c

CDF Run Il Preliminary 10/fb

MC

Entries per 0.2

100

50|

03/03/15

OPTIMIZATION VARIABLES

Entries per 0.1 GeV/c

p;(D*) > 1.5 GeV/c

CDF Run Il Preliminary 10/fb

—— MC SIGNAL
i SIGNAL REGION
150 _— SB
100
50

0 35 4.0 45 5.0
p(TRK) [GeVic]
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OPTIMIZATION RESULTS

[ 2.5, 3.5]

[3.5,4.5]

[4.5,6.5]

[ 6.5, 13.5]

03/03/15

EVEN
ODD
EVEN
ODD
EVEN
ODD
EVEN
ODD
EVEN
ODD

0.6
0.6
0.7
0.7
0.9
0.9
1.1
1.1
0.7

A AP NN OO O 1l WN

0.8

|d,(D*)| <100 pm

0.0600

0.0600
0.0750
0.0750
0.0750
0.0750
0.0750
0.0750
0.0750
0.0750

D* cross section at low p;
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RANDOM criterion used to split the sample in odd and even subsamples

CHECK OF THE OPTIMIZATION

SAME optimized configuration for
even and odd subsamples

?

IDEAL CASE: infinite statistics E>

Fluctuations due to the

Strong dependence on the subsamples .
optimization procedure

S+B

MARGINAL-DISTRIBUTIONS

CDF Run Il Preliminary - p_ (D"Y>1.5 GeV/c

CDF Run Il Preliminary - p_ (D)= 1.5 GeVic

CDF Run Il Preliminary - p_ (D)= 1.5 GeVic

m m
) —+—t— + L ——— oL ——

201 _+_a——+—_+_+ij—_*_ 201 — 20— e
T —— —— - i ——
I ] I — T S

15 15[ e 151 —=
i ; . i

10 10;0——_t: 10+

Sl — Even S —| Even 5 —Even
I —+ 0dd I ~+0dd 3 ~+ Odd
0_||||||||||||||||||| 0—| | P I R N B | 1 O_III|III|III|III|III
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

p, code L,y code x2,, code
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SHAPE EXTRACTION

PROMPT COMPONENT

CDF Prompt MC - EVEN pT(D*') € [6.5, 14.5] GeV/c CDF Run Il Preliminary - EVEN p_(D*) € [6.5, 14.5] GeV/c
e [ r f
2 K L
g T N
100 —
3 - X _ a0 §
§10000 - NDoF ~ 95 % B Xz . @
2 2 NDoF 72
© -
O 3
- (6]
5000 —
l L 1 1 I
—%.05 0 0.05
dy(D*) [cm]
o 2E )
3 1E- 3
0E w
N |
2F-
05

0 0.05

|
o
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SECONDARY COMPONENT

CDF Secondary MC - EVEN p (D*) € [6.5, 14.5] GeV/c

Candidates per 10 um

B =20
i NDoF ~ 94
o basodosodo—t 1|
01 0.05 0.1
dy(D") [em]
o1 —0.05 0 0.05 0.1
03/03/15

Candidates per 4 GeV/c?

Ao

100

SHAPE EXTRACTION

CDF Run Il Preliminary - EVEN pT(D*) € [6.5, 14.5] GeV/c

1t 102
NDoF 72

1.8 1.9
Invariant Kn mass [GeV/c?]

D* cross section at low p;
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COMBINATORICS COMPONENT

Candidates per 10 um

Ao

CDF Run Il Preliminary - SB EVEN pT(D”) € [6.5, 14.5] GeV/c

SHAPE EXTRACTION

CDF Run Il Preliminary - EVEN pT(D*) € [6.5, 14.5] GeV/c

72

NDoF

102
72

= ©

| >

[0

B o

<

L g 100

150 — by

- 60 5

L 9 2

=

I~ ©

| (&)
100 |—
50 [—

1 1 A 1 I
% ~0.05 0.1
dy(D*) [cm)

C ©

2 2
Py

|
-

03/03/15

—-0.05

(=]

0.05 0.1
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EVEN EVENTS

N, = 1124456 :
ODD EVENTS
N, = 1125158 |

03/03/15

400

200

600

400

200

p+(D*) 2 1.5 GeV/c

CDF Run Il Preliminary jL dt=10/fb

2 PROMPT
SECONDARY
SB

e 2
Invarignt Kt mass [GeV/c?]

0

N @ PROMPT
- SECONDARY
B SB
t
BRELUEY
| t P by
:_ : :I' 44
ﬂ £
L 1 1
. 1 ]
i f b
7 1.8 , 1.9 2
1
1
1
1

N unun

0

Candidates per 10 um

Candidates per 10 um

Ao

200

100

CDF Run Il Preliminary JL dt=10/fb

= PROMPT
SECONDARY
SB

CDF Run Il Preliminary jL dt=10/fb

300
I = PROMPT
L SECONDARY
L SB
200 —
100 — -
i
— VB
i j it !
!t +
| () | . ‘9
—8.05 0.00 0.05
dy(D*) [cm]
4
2
0
-2
-0.
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FIT STRATEGY

WHAT?

= We want to estimate the effect of the statistical
uncertainty of the shapes on the final result

<

We find it to be very small

HINT:
" Unbinned maximum likelihood fit on all the parameters

&

Troubles in the converging procedure

03/03/15 D* cross section at low p 13



HOW?

= For each template, we Poisson fluctuate the
content of each histo bin

METHOD USED TO EVALUATE THE EFFECT OF
THE STATISTICAL UNCERTAINTY OF THE SHAPES

MC secondary component - ODD selection pT(D’) € [4.5, 6.5] GeV/c

S0 L
o
T 4000 — # 11
8 i 4y
8 11
bt +t
3 11
£ 3000 [— ‘o
1§ ,
.
¢ ’ I I
2000 |— M |l |
- .
N
.
- . .0 I I
1000 [— *
B s s
o %
s tJ
N DR 1 L
-0.1 -0.05 0 . 0.1
dn(D") fem]

03/03/15

New fits to get new shapes

MC secondary component - ODD selection pT(D*) € [4.5, 6.5] GeV/c

2 4000 —
5 o
Q b
8 B _ 160
S L 194
gsooo—
8 B
2000 |—
1000 [—
ol . P R — |
201 ~0.05 0 0.05 0.1

dy(D") [em]

NEW FINAL FIT to determine f, and f;

D* cross section at low p; 14



Entries for 3 x 10

METHOD USED TO EVALUATE THE EFFECT OF
THE STATISTICAL UNCERTAINTY OF THE SHAPES

DISTRIBUTIONS of the PROMPT fractions

EVEN EVENTS

ODD selection pT(D*) € [4.5, 6.5] GeV/c

: RMS: 0002 H m H
0:080 ~ G085 HHHM’JOM H <|)Hc|)|is| 000

Entries for 3 x 107

ODD EVENTS

EVEN selection pT(D’“) € [4.5, 6.5] GeV/c

151
101

5/

MEAN: 0.092
RMS: 0.002

MHH}} le

L

obso

N P B
0.085 0.090 0.095

D* cross section at low p;

0.100
fe
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‘ METHOD USED TO EVALUATE THE EFFECT OF ‘
THE STATISTICAL UNCERTAINTY OF THE SHAPES

Opois
PARITY YIELD | contribution | YIELDS

[2.5,3.5] EVEN 366133 2% 370+33
ODD 307134 1% 310+£34

[ 3.5, 4.5] EVEN 301+28 2% 300+29
ODD 304+£28 2% 300+£29

[4.5, 6.5] EVEN 384129 2% 380+30
ODD 389130 2% 390+31

[ 6.5, 13.5] EVEN 278+24 2% 279+25
ODD 327+24 2% 327+25

03/03/15 D+ cross section at low p; 16



LUMINOSITY

* R, :rate of the pp
inelastic events

e O..:rate of the inelastic pp
cross section at/s =1.96TeV

* Eac : CLCs acceptance

INTEGRATED LUMINOSITY
L=15.7+0.9nb"

03/03/15 D* cross section atlowp, 18



SIGNAL AND BACKGROUND

W: D+%K_‘7-L-+n+(+c.€.) BR: (913 + 019)%

. B DX
BACKGROUND <
Combinatorics

DIRECT PRODUCTION SECONDARY PRODUCTION
D* points back to the D* has larger impact parameter
Primary Interaction (Pl)
T[+
K
Iy L
- D* B- D~ m*
@----------- K Pl —
\do e \
m* -’
’ X
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