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A.1 General framework

— Heavy Flavor (HF) production is a crucial phenomenon to test QCD.

Charmonium production: (a) directly (prompt) by short lived QCD
sources, (b) from decays of long-lived b-hadrons (non-prompt)

Non-Prompt production successfully described by :
Fixed Order Next Leading Log (FONLL)
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A.1 General framework
- Heavy quark (HQ) production is a crucial phenomenon to test QCD.

Charmonium production: (a) directly (prompt) by short lived QCD
sources, (b) from decays of long-lived b-hadrons (non-prompt)

(2S+1)
J

<~ 5000
Non-Prompt production successfully described by : % 4750
: : =

Fixed Order Next Leading Log (FONLL) % 4500
Prompt quarkonium production is unique test ground: = 4250
production “hard” scale + evolution via non-perturbative 4000
Non Relativistic QCD prescription: 3750
CO calculation + Long Distance Matrix Elements (from data) 3500
- improved agreement with data, but need coherent approach 3250
—> major interest in y(2S) less affected by feed-down with 3000
respect to other states 2750

2500
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A.1 General framework
- Heavy quark (HQ) production is a crucial phenomenon to test QCD.

Charmonium production: (a) directly (prompt) by short lived QCD ,,,
sources, (b) from decays of long-lived b-hadrons (non-prompt) Fsoog

Non-Prompt production successfully described by : > 4750
: : =
Fixed Order Next Leading Log (FONLL) % 4500
Prompt quarkonium production is unique test ground: = 4250
production “hard” scale + evolution via non-perturbative 4000
Non Relativistic QCD prescription: 3750;
CO calculation + Long Distance Matrix Elements (from data) 3500
- improved agreement with data, but need coherent approach 3250
—> major interest in y(2S) less affected by feed-down with 3000
respect to other states 2750

Open HF production described by FONLL: 2500

1) satisfactory for b
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2) for ¢ 2 difficulty in matching different regimes ( p;>>mg pr~mg, pr<<mg)

- HF@LHC data are very important in itself (new high p; kinematic regions)

— to understand significant background for EW, Higgs, NP sectors
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A.2.1 Data samples A.2 Experlmental aspects
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A.2.1 Data samples A.2 Experlmental aspects
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A.2.2 Detector and trigger

Month in Year Day in 2015
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e} C ]
UCJ 105 - Supporting dimuon trigger: pT(p.1)>4 GeV, pT(u2)>AGeV —:

3 4 5 6 7 8 9 10 11 12
m(uu-) [GeV]

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

ID: [n|<2.5, B, =2T, Pixels+Si+TRT

% opt/pt = 0,0004 p, (GeV) + 0,015
In|<2.7,<B,,,>=0,5T

% opt/pt 0.1uptol1lTeV
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Muon Trigger for HF physics:
* L1:di-muon p;* thresholds: 4-6 GeV
* L2/EF: validation + vertexing + mwwindows



A.2.3 Tracking, vertexing, mass and “proper” time fits

(P, > 4GeV, |n| < 2.3 %
opposite charge

muon pairs |
for ”I:D” & MS ™S ID track pseudo proper time
common vertex y? < 20 . P}““) -

\

L 2.6 GeV <my, <4.0 GeV T=1L- PC(F/M) x PC(F/M)

-~

Ly
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A.2.3 Tracking, vertexing, mass and “proper” time fits

muon pairs

fOI. 77 w”

(P, >4GeV, |n| < 2.3
opposite charge

S MS mﬂh ID track

pseudo proper time

common vertex y? < 20 B P(“ 2 o
L 2. 6\ GeV <m,, < 4.0 GeV T P(MM) P}uu)
ng‘zm‘“ h ~~ d

Ly
N { P : prompt Com?ioonent

NP : non-prompt from B-decays

unbinned maximum likelihood fit in 2D

PDF(m,T) Z/izfz hi(T) @ R(T)

i Type Source : fi(m) hi(7)
1 Jw P wBi(m)+(1-w)Gi(m) 6(z)
2 Jw NP wBim)+(A-wGi(m) Ei7)
3 ¢2S) P wB(m+(1-w)Gam) 6(7)
4 ¢(Q2S) NP  wBy(m)+(-w)Ga(m) Exx)

mass — G; : Gaussian, B; : Crystal Ball S Bkg P F o(7)
time — FE; : exponential, R : double Gaussian 6 Bkg NP C1(m) E;(7)
bkg — C; : Chebyshev, F' : uniform 7 Bkg NP E(m) Es(|7))
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A.2.4 Cross section extraction

d*o(pp — Q + X) N
. Br N _ corr
dprdy (@ = ) L-Apr-Ay

NE7k# - signal yield corrected for efficiency and acceptance

L : integrated luminosity corresponding to the sample
Apr(y) : interval bin of the differential variable

8 rapidity bins : 0 < |y(##)] < 2
/5 =TTeV :8 < p/¥) <100GeV
Vs =TTeV : 8 < pt>) < 60GeV
V5 =8TeV : 8 < p) < 110GeV
V5 =13TeV : 8 < pi//") < 40GeV
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A.2.4 Cross section extraction

d>o(pp — Q+ X NG
( ). Br(Q — pp) =
dprdy L-Apr- Ay
NE7k# - signal yield corrected for efficiency and acceptance

L : integrated luminosity corresponding to the sample
Apr(y) : interval bin of the differential variable

S weight for each candidate :
8 rapidity bins: 0 < |y(##)| < 2 |
V5 =TTeV : 8 < pi//*") <100GeV wit = elreo) i) L g,
Vs =TTeV : 8 < pt>) < 60GeV

3 10
\/g = 8T€V : 8 S pgﬁt’u) S 110Gev % A.’\-’;ASSTeV 11.4 b
_ : (J/) > 60 B
Vs =13TeV : 8 < pr, < 40GeV 80
40
e(pr™ mW)> efficiencies (trigger, 30
reconstruction,...) are estimated 20

mainly with data driven methods to
reduce uncertainties (tag and probe

9
methods, etc...) 0 025 05 075 1 125 1.5 175 2

ly (gl
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A(p ) ytw): the probability for a candidate that both muons pass the fiducial
selection (p; (>4 GeV, |n|<2.3) is estimated with simulation (generator + detector)

d>N L L+ Xgcos? 0T+ sin® 0* cos 2¢* +
d cos 0*do* +Agg 8in 260* cos ¢* Angular coefficients
koni Y 4 ll{i llé 1{“
qr‘:; f‘:;‘::;“ Isotropic (central value) | 0 0
g Longitudinal | -1 0
production Transverse positive | +1 +1

e +
plane T

8 T | | -
g 1— ATLAS -
@
o - .
< 08 - .
¥4 + ~15% K
S5 ) .

0.6 _

—— Isotropic (central value)
4 ~ ----- Longitudinal
0 30% Transverse positive

0.2

|

-.. Transverse zero
Transverse negative
-~ Off-(A -1 )-plane positive
- - Off«(A -1 )-plane negative _

llll]l

|

0 A A i i A A A A A
8 910 20 30 40 50 6070 10°
Jy P, [GeV]

0

0

0
Transverse zero | +1 0 0
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Off-(145—Ag)-plane positive ( 0 O +0
Oft-(15—A4)-plane negative | 0 O -0

Acceptance corrections depend on the
spin alignment at production:

— use the isotropic case and consider
the envelope of maximum variations in
case of different polarization states;

—> dependence is reduced at high p;
—> better to explore high p; region

(both theory and experiment)
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B.1 J/y and y(2s) differential production at Vs =7-8 TeV
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Systematic uncertainties dominated : Ao
* Muon trigger efficiency evaluation; = & ~ (6 +8)%
* Fit model parametrization SYs.
7 TeV [%] 8 TeV [%]
Source of systematic uncertainty || Min Median Max | Min Median Max
Luminosity 18 18 18 | 28 28 28
Muon reconstruction efficiency 0.7 12 47 | 03 0.7 6.0
Muon trigger efficiency 32 47 359(29 70 234 >
Inner detector tracking efficiency || 1.0 10 10110 10 10
Fit model parameterizations <[ 05 22 226 (026 107 249 >
Bin migrations 001 0.1 14001 03 15
Total 42 6.5 363 44 8.1 279
. PromptJ/y: 0. 75<|y|<1 00 aNon Prompt 1p(25) 0.75<]|y|<1.00
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§102 E— ——Total Uncertainty "o buminosiy §102 E_ ;_Total U;lcertaimy ©o buminosty
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T‘x:s Statistical RS ‘_S Statistical
St | S
8 101 ! g
w fw w
L B
1.-E. i = 5 : 1 s -t . -
910 20 30 40 50 60 10° 9 10 20 30 40 50 60
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“Prompt” production compared with

NLO-NRQCD:

—> fair agreement for the whole P,
range for both J/1y and y(2S)
— no observed dependence on
rapidity in theory/data ratio
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“NON-Prompt” production compared }; 1?;2
with FONLL for b-production g
followed b—> “P”+X ‘“{5“18:
- for J/4 theory predicts “harder” % 10°
spectra, for y(2S) theory predicts “'“; e
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Non-prompt fraction of ¢
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P(2S): Vs=7 TeV

Non-Prompt Fraction y(2S)

2.5

1.5

0.5

- ATLAS —v— data + 1.40, 1.75<|y|<2.00
r ¥ data + 1.20, 1.50<|y|<1.75
- Non-Prompt Frac. y(2S) data + 1.00, 1.255]y|<1.50
| s=8TeV.11.4fb" data + 0.80, 1.00<|y|<1.25
L data + 0.60, 0.75<y|<1.00
#- data + 0.40, 0.50<y|<0.75
—&- data + 0.20, 0.25<|y|<0.50
—e— data + 0.00, 0.00<|y|<0.25
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R ti f 2 S J f | ATLAS 5~ data + 0.70, 1.755ly[<2.00 | ATLAS 5~ data + 0.70, 1.755ly[<2.00
a O O /‘.l) t O w O r —¥— data + 0.60, 1.50<|y|<1.75 —¥— data + 0.60, 1.50<|y|<1.75
1.2 [~ Non-Prompt Ratio data + 0.50, 1.25<|y|<1.50 1.2~ Non-Prompt Ratio data + 0.50, 1.25<|y|<1.50

| s=7Tev, 2.1 fb" data + 0.40, 1.00<|y|<1.25 | s=8Tev, 114" data + 0.40, 1.00<|y|<1.25

prompt and non-prompt

data + 0.30, 0.75<|y|<1.00 data + 0.30, 0.75<|y|<1.00

#- data + 0.20, 0.50<]y|<0.75

Production Ratio Non-Prompt
Production Ratio Non-Prompt

i - data + 0.20, 0.50<|y|<0.75 i

10 R n p -&- data + 0.10, 0.25<|y|<0.50 10 -&- data + 0.10, 0.25<|y|<0.50

p np —e— data + 0.00, 0.00<]y|<0.25 —e— data + 0.00, 0.00<]y|<0.25
P (2s) Y(2s) gosl . 08 -

P ( np __ L L — I - [ —

—_— -_— an —_— -_— v&R/_f,‘-«‘-.}R:.-T_c-4.~4.—‘.‘*f-‘.—'-’-4‘,-_-\.-_v_—‘1— B A " SR S
p np i i
J / J / R T e B . [ P D R A

P () 06 06

0.4 0.4

—> RPslightly increase with p; while o , -
R s flat, both without strong 02 | e ]

dependence on either y or Vs e R
8910 20 30 40 5060 8910 20 30 4050 10°
Rp: \/5=7 TeV Rp: \/s=8 TeV PT(MJ-) [GeV] PT(MJ-) [GeV]

L ATLAS - data + 0.70, 1.75<|y}<2.00 R": Vs=7 TeV RnP: v/s=8 TeV

-
a o}
o - data + 0.70, 1.75<]y[<2.00
E P ATLAS y g L ) —*— data + 0.60, 1.50<|y|<1.75
512 - A —*— data + 0.60, 1.50<|y|<1.75 S 1.2 prompt Ratio deta 080 1501175
a Prompt Ratio data + 0.50, 1.25<|y|<1.50| 0L L ‘ ata +0.50, 1.25g]y]<1.
o s=8TeV. 11.4 b’ data + 0.40, 1.00<|y|<1.25 o L s=7TeV,21fb data + 0.40, 1.00<|y|<1.25
L L 11. ;
= data + 0.30, 0.75<y|<1.00| @ data + 0.30, 0.75<]y|<1.00
§ i w- data +0.20,0.50<ly|<0.75| & 1 #- data + 0.20, 0.50<|y|<0.75
20, 0.50<]y|<0. |
c 10 p - data+0.10,0.25¢)y|<050| S I - data + 0.10, 0.255]y|<0.50
L S ;
-,9_ —e— data + 0.00, 0.00<|y|<0.25 5 L —— data + 0.00, 0.00<|y|<0.25
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B.2 J/4 differential non prompt production at Vs =13 TeV ATLAS-CONF-2015-030
NP

(0 B B B B R B B B B A A NN B

> I L L L B B L BB BRI

J /¢ J/ G 700 ATLAS Preliminary " <075 = o ATLAS Preliminary " <075 ]
f p— Q F s=13TeV,6.4pb’ 100<p<11.0GeV > T sl s=13Tev 100<p* < 11.0GeV _|
b an ‘l‘ Np S 600F ¢ Data =S 0 6.4 pb’ ¢ Dal: ;
J /1 T/ 3 o g L :

g E = = = Background g 1 02 ~— Prompt Signal -

. L) C - ~= Non-prompt Signal ]

Non-prompt fraction for J/: § 400F 8 ---Background
- 6.4 pblatorvs=13 TeV 300 -0
> “first” simplified analysis ~ *°°F E 1 N |
. 100 = E

due to large cancellations of : : &
. . . . 0 Al L A 1 PEEPE BRI BT SR e

uncertainties in the ratio 27 28 29 30 3.1 32 33 34 35 T2 0 2 4 8 8 10

. m(u'w) [GeV, W
- 3 y-bins 0.00-0.75-1.50-2.00 k) lps]
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B.2 J/4 differential non prompt production at Vs =13 TeV ATLAS-CONF-2015-030
NP

> I L I T I I I I BB LA L S B B B BB LB
J /¢ J / 0 & 7005 ATLAS Preliminary ly*1<0.75 = ATLAS Preliminary ™| <0.75 ]
f _—= Q F s=13TeV,6.4pb’ 100<p'<11.0GeV > T 3l s=13Tev 100 <p™ <11.0GeV _
b NP + Nb, o e - ‘o
~ - %) Data =
J/’Qb J/'Qb P 500: —— Fit % — Fit ]
S E = = = Background o 1 02 ~— Prompt Signal -
. % 400 :,_ _: -g == Non-prompt Signal B
Non-prompt fraction for J/: § ¢ . 8 ---Background
- - = 10 =
- 6.4 pb! at or vs=13 TeV 300 : E
. . .pe . 200~ - ]
> “first” simplified analysis o0 : 1 “ |
. 100F- = E
due to large cancellations of : : ]
. L. . . 0 [0 R i
uncertainties in the ratio 27 28 29 30 31 32 33 34 35 -4 2 0 2 4 6 8 10
. m(u'p) [GeV. W

- 3 y-bins 0.00-0.75-1.50-2.00 k) lps]

= 10 ¥ T LA | v ¥ v v c 1.0 T T T T T T -

2 ATLAS Preliminary 1 ATLAS Preliminary E

g 09 \s=13TeV, 6.4 pb” g 09 . E

T L Rt :

a a eV, 2. ,0.25 < |ly| <0.50 3

S 0.7 * g 0.7 4 ATLAS 276 TeV, 4 pb™, |y < 0.75 i —E

a 0.6 R & 06 COF (pp) 1.96 TeV, 39.7 pb™ Iy <060 o= 3

c é #o- 3

(@] -

S 05 #¢:t S 05 -_—t E

0.4 e 0.4 o ]

0.3 ;;9* W*’: g

: —4— Iyl <075 0.3 < —E

0.2 44— 0.75<y| <1.50 0.2 E

0.1 —4— 1.50 < |y| <2.00 0.1 —f

0.0 — . . — 0.0 NP | : . P

5 6 7 8910 20 30 40 50 60 5 6 7 8910 20 30 40 50 60
p (W) [GeV] p_ (') [GeV]

—> significant dependence on p; (0.25 at 8 Gev = 0.65 at 40 GeV) and no dependence ony
—> no significant change between Vs=7 TeV and Vs=13 TeV, contrary to significant difference

between Vs=7 TeV and lower energies (ATLAS Vs=2.76 TeV AND CDF Vvs=1.96 TeV)
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C.1 f,/f, determination at Vs =7 TeV Phys. Rev. Lett. 115, 262001 (2015)

b-fragmentation fractions : f; = Pmb[B — (qui)]
qi E’U,,d,S,C:> fu"’fd“"fs +fc—|—fbaryon =1

- important measurement for rare decays, searches, cross sections

L =247 fbo! By — J/¢p(utp~) o(KTK™)
at /5=7TeV | BY— J/w(utp) K*O(K+n)

fo _ Npp B(B}» JJwK*) B(K™ = K-=n*)
fa  Npy B(BY—=J/yé) B(p—KrKk-)

% relative efficiencies (acceptance and selection) from MC sample
B branching fractions of the relevant decay modes (world averages)

V. Canale: Heavy Flavor production with the ATLAS experiment at LHC- LHCP 2016
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C.1 f/f, determination at Vs =7 TeV Phys. Rev. Lett. 115, 262001 (2015)

oo T T T —

b-fragmentation fractions : f; = Prob[b — (bg;)]

2
o ¢ Data ATLAS
S — Fit . i
d 1 S 5000 . Bj— JiwK signal v 247 1b17T v 1
_— :> p— ) Residual bkg. [ pp\s=7TeV o
q% o u’ ? S’ C fu —|_ fd —|_ fS + fC —|_ fbaryon s 4000~ mmm Partially rec. decays [/ % -
> ' 4
w

Peaking bkg.

- important measurement for rare decays, searches, cross sections **
2000

at /s =7TeV By — J/Yp(utu™) K*(K*7) e

J/yK'n candidate mass (GeV)

fs NBS B(Bg%J/ZﬂK*O) B(K*O%K_W—I_)R g 100l TR s—
s _ = 1a00f 22 A
fa  Npo B(B)—=J/v¢) B(p—KTK™) A o T el
Qieﬁrelative efficiencies (acceptance and selection) from MC sample :ZE BSO :
B branching fractions of the relevant decay modes (world averages) o :
Observable Value o g.1 + -S.SJ/wK'K'i:ndi;ate i\sass (Ge\f)‘6
Npgo 6640 + 100 = 220 3.3%
Npo 36290 +320+ 650  1.8% fs  B(BY — J/Y¢)
Rt 0.799 £ 0.001 £ 0.010  1.3% fa B(BY — J/¢y K*0)
B(p — K'K™) 0.489 + 0.005 1.0%
| +0.004(stat
BK* — K*r)  0.66503 +0.00014  0.02% = 0.199 { 0 OOSES 5 t)>
Total 4.1% VOB BL.

V. Canale: Heavy Flavor production with the ATLAS experiment at LHC- LHCP 2016
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—> Ratio of ‘Bs is better estimated from theory than from measurement, recent results
(Phys. Rev. D89 (2014) 094010 and arXiv:1309.0313v2) has global 7.1% uncertainty:

B(BY = J/¢ ¢)
B(Bg — J/1p K*0)

= 0837502 (wn) T.00(far) Tor02(ai) 002 ()

» = 0.240 + 0.004(stat.) 4 0.010(syst.) + 0.017(theo.)

LI LA L A LI | o b 0.35 T LA B T L T

- / — S - ATLAS " ATLAS
ATLAS [0 7/, HFAG average -~ F LHCb (hadronic decays) -

T 247" 1s=7TeV v CDF
ATLAS : I .

- e e 7 oV 7_,__ | 0.3._ _l_. | LEP (HFAG average)
LHCb (hadronic decays) : | [ | | | ‘ ‘ i
\s=7TeV -—_§ I |I’IJ¥L. e . ]

| LHCb average x ] | | | | Tl 1y
\s=7TeV '; I ! | + .- 1
CDF [ N
\s=1.96TeV : 02_ ]

| LEP (HFAG average) : N [ .
\$=m, ' - ‘ -

ORI [N ST SN ST S NN TR SN S T N T S S : PURNTRR R S . 0_15 L P - L1 - L
0.1 0.15 0.2 0.25 0.3 0.35 0 10 20 30 40 50

fo/f P, (GeV)
—> no significant dependence on p;or 1
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C.2 B=mass reconstruction in B¥> J/y K* at Vs =13 TeV ATLAS-CONF-2015-064

+ + - + — —1 —
BT = J/p(pu”) + KT, L=32f07" at s = 13TeV Important test of ATLAS tracking

ly| < 2.5, dependence of mass resolution on y capability for future B-physics
ly| < 1.75bins of Ay = 0,25 + 1.75 < |y| < 2.50 bins
~5290,w-svIwwmkuwwg
> L B B B L © - ATLAS Preliminary ]
£25000 _ATLAS Prelumlnary 1 7] =, 5288 {s=13 TeV, L=3.2 fb B
= - Vs=13Tev, L=8.2f0" 5 & 5086 E
§20000 - ny >0.20 mm § = Fitmodel 3 E 5284:_ e Data 2015 _:
S ' - - Weighted mean m(B”) ]
15000 - .. e Background model —; 5282 :'_ —:
C -ew” ] 5280 4+ 4 b =
10000 — . Combinatorial background — 52781 -+—_+_ I |
r - Mis-reconstructed background | E -+_ 5
: ] 5276 -
5000 i . - (B*) = 5279.31+ 0.11(stat.) MeV .
1 Serap- ! | ! .
0 -2 -1 0 1 2
5000 5100 5200 5300 5400 5500 5600 5700 5800 +
y(JyK7)

m(J/yK~) [MeV]
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C.2 B=mass reconstruction in B¥> J/y K* at Vs =13 TeV ATLAS-CONF-2015-064
BT = J/y(ptu™) + K1, L=32fb""at /s =13TeV

Important test of ATLAS tracking

ly| < 2.5, dependence of mass resolution on y capability for future B-physics
ly| < 1.75bins of Ay = 0,25 + 1.75 < |y| < 2.50 bins
< 5290
> > - ATLAS Preliminary ]
225000~ ATLAS Preliminary 1 ] % 5288~ {s=13 TeV, L=3.2 fb"' =
= - Vs=13Tev, L=8.2f0" . & 50861 E
§20000_ L,, >0.20 mm f = FRmode E & 5284:— e Data 2015 =
T C . - Weighted mean m(B") :
15000  f ... Basarennd ot ] 5282~ 3
C - B > Wy ] 5280 4, e 1 .
10000 — . Combinatorial background — 52781 +_+_ | |
N - Mis-reconstructed background | E + 5
L - 5276
5000 g . - (B*) = 5279.31+ 0.11(stat.) MeV .
. 5274 — | 1 1 1 L
0 - -2 -1 0 1 2
5000 5100 5200 5300 5400 5500 5600 5700 5800
Source Systematic Error [MeV |
m(J/wK*) [MeV]
y-Dependence 0.11
Fit B* mass [MeV] Fit error [MeV | Signal Mass Model 0.09
Default Fit 5279.31 0.11 (stat.) Background Mass Model 0.17
L,y >0.2 mm 5279.34 0.09 (stat.) Mass Fit Window 0.14
World Average fit 5279.29 0.15 B* — J[yn* Background:
LHCb 5279.38 0.11 (stat.) = 0.33 (syst.) Fraction 0.02
Line Shape 0.04
good agreement with World Average - validation . MlC Reweighting 8'2‘:
: . ota 25
of momentum calibration of the ID of ATLAS
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C.3 D** | D* and D" production at \s =7 TeV Nucl.Phys. B907 (2016) 717

2010 data taking at vs=7 TeV -> fiducial phase space region 3.5<p,(?’<100 GeV and |n(®|<2.1

two trigger low pr € [3.5, 20]GeV = Minimum bias/Random — £ = 1.04nb~?
data sample high pr € [20,100]GeV = Jet Trigger E > 15GeV — L = 280nb~1

16/06/16 V. Canale: Heavy Flavor production with the ATLAS experiment at LHC- LHCP 2016
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C.3D**, D* and D_* production at Vs =7 TeV ~ Nucl.Phys. B307 (2016) 717

2010 data taking at vs=7 TeV - fiducial phase space region 3.5<p,(P’<100 GeV and |n®|<2.1

two trigger low pr € [3.5, 20]GeV = Minimum bias/Random — £ = 1.04nb~?
data sample high pr € [20,100]GeV = Jet Trigger E > 15GeV — L = 280nb~1

D*t — DY 7, Df - ¢nt

DY - Kot ¢ — KTK~

DT - K ntxa™

< 2000 . e . > 1250 : , : , > 625 ——r— ——— -
() . - Q 1
= - ATLAS \s=7TeV,1.04nb" 8 - ATLAS \s=7TeV,1.04 nb" o © ATLAS \s=7TeV,1.04nb ]
[fe) + - C - - N
o I Data, 3.5 < p, (Knn,) < 20 GeV, n(Kax )| < 2.1 1 S 1000~ e Data 35<p,(Krn) <20 GeV, M(Kzx)| <2.1 - g 500 - ® Data, 3.5 <p (KKr) < 20 GeV, n(KKn)| < 2.1 -
é 1500 — - F — Fit:N(DY) = 1990 £ 100 (stat) > :+ —— Fit:N(D}) = 313 £ 60 (stat)
5] ] r c
E r S o £
i - © 3
£ 1000 £ 3
<) ‘é [
ul “ 3 5 S
ow o o
pT r k=" e Right-charge combinations 1
500 |- - .
e 2 Wrong-charge combinations
—— Fit: N(D*) = 2140 + 120 (stat) | L
0 P P PRI BT B B o L | | L1 | L] 0 L P B | il NP PR | N
140 145 150 155 160 165 170 6 17 18 19 2 21 2 1.7 1.8 1.9 2 2.1 22 23
m(Knn,) - m(Kn) [MeV] m(Knr) [GeV] m(KKn) [GeV]
400 . .
> C T T T ‘ T T ] > 120 - ‘ T T T 1 > 5p T T ‘ f ]
= - ATLAS \s=7TeV,280nb 1 & - ATLAS \s=7TeV,280nb" 1 8 - ATLAS \s=7TeV,280nb" .
S 300 Data, 20 < p, (Kar,) < 100 GeV, In(Knz )| < 2.1 S 1000 - e Data, 20 <p,(Kar) < 100 GeV, in(Kzn)] < 2.1 1 & [ ® Data 20<p, (KKn) <100 GeV, (KKx)| <2.1 I
— — o - . - o [N 4
2 S [ —— Fit: N(D*) = 1730 + 100 (stat) 13 E — Fit:N(D)) = 158+ 25 (stat)
% s [ ] 5 C
“up: “ r S S
£ e Right-charge combinations g 0 15 SC
hlgh Pr 8 200 gnenaro 2 ' 1 £
s ¢ 0 Wrong-charge combinations LE: .g
© —— Fit:N(D**) = 732 + 34 (stat) S 8 f
100 F -
L b~ 15 —
0 P b it il i AN i RN S T E l 1 [ ‘ 1 ] F
0 L : . . . o L s R B :
140 145 150 155 m(Kﬁ?:) m('l::) [Me\}]m 16 17 18 19 2 2.1 2. 17 18 19 2 2.1 22 23
s m(Knn) [GeV] m(KKn) [GeV]
stgnal bk p
A
-~ ~ ackgroun

N\

1
) d _1 1505z -~ ; ; o
Fit: Gauss"’" x e™ 2% + threshold function or quadratic exponential
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Visible cross sections Source ™D ™D (D)
in “low” and uhighn o N(D) Low-pr | High-pr | Low-pr | High-pr | Low-pr | High-pr
: —D X — Trigger (51) | - 109, 09, +09¢,
p, regions: pp A-L-B geer (61 23 o
Tracking (62) 8% | £74% | £17% | £74% | £7.6% | +7.4%
- Afrom MCsam ple D selection (63) | 3¢ | *Ha *o% | T0e% 2o | %
- B world average Signal fit (3¢) | +1.3% | £09% | +£1.3% | +1.5% | £64% | +53%
Systematic uncertainties dominated : Modelling (65) | 9% | *31% | 3% | 3% | 3% | 5%
. . . i ] ) To e Yo Yo o
. Tracklng (detector material in MC), Size of MC sample (d¢) | +0.6% | +09% | +08% | +08% | £29% | +3.1%
. . Luminosity (é7) 35% | £35% | £3.5% | £3.5% 3.5% 3.5%
* Luminosity and ‘B for D, . o ; : —
Branching fraction (6g) | +1.5% | +1.5% | £2.1% | +2.19 £5.9% | £5.9% _
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Visible cross sections Source "™ (D™) e "™(D*) a"™(D;)
in “low” and ”high" . N(D) Low-pr | High-pr | Low-pr | High-pr | Low-pr | High-pt
regions: Opp—D X — A-L-B Trigger (41) 09g; 1090, +09¢
PrT€E ' ad Tracking (2) [2.8% | +74% | +77% | +7.4% | +76% | +7.4%
- Afrom MCsample Dselection (53) | *330 | *Tig | TTE% | od% | 2o | ‘hla
- B world average Signal fit (3¢) | +1.3% | £09% | +£1.3% | +1.5% | £64% | +53%
Systematic uncertainties dominated : Modelling (35) | *}9% | *33% | 3% | 33% | % | 13i%
° Tracking (detector material in MC), Size of MC sample (8g) | £0.6% | +09% | +0.8% | +08% | £29% | +3.1%
. . Luminosity (d7) 3.5% +3.5% +3.5% +3.5% +3.5% +3.5%
* Luminosity and ‘B for D, . o > ——
Branching fraction (6g) | +1.5% | +1.5% | £2.1% | +£2.14 £5.9% | £5.9% _
™ (D™) o™(D*) (D5 Comparison of visible cross
Range low-pr | high-py | low-pr | high-pr | low-pr | high-pr  sections with predictions:
[units] [ub] [nb] [ub] [nb] [ub] [nb] —>agreement with GM-VFNS;
ATLAS 331 £36 | 988+ 100 | 328 +34 | 888 +97 | 160 +£37 | 512+ 104 - for FONLL, POWHEG,
130 120 150 120 54 56
GM-VENS 3407130 | 1000712 | 35071%0 | 9807120 | 147+% | 4707% | MC@NLO the central values
FONLL PAVVARES N I X AT N W S ) . . are lower than data but are
POWHEG+PYTHIA | 158*172 | 6001300 | 134+148 | 430:240 | g2+t | 225+114 consistent including
POWHEG+HERWIG 13‘71»1:‘/&;/ 690+?88 ]21“%2 580+%§8 51+§g 268+IOZ theoretical uncertainties due
-72 -16 - -1 - -62
. to: wscales, m,, PDFs, f
MC@NLO 157*12 | 980%350 | 140%!12 | 81073 | 583 | 345%1% U » My s 'a>D

Extrapolation from “visible” = total phase space = total charm cross sections with FONLL for low p;
sample and only for D** and D*

oo = 8.6 +0.3(stat.) & 0.7(syst.) & 0.3(lum.) + 0.2(ff.)T3%(extr.) mb (ATLAS)
ol = 8.5 +0.5(stat.) 720 (syst.) +0.3(lum.) & 0.2(ff.)T)%(extra.) mb (ALICE)
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Differential cross
section in pyand 1
for D**and D*

Comparison of data with
theoretical predictions:

- in general theory below
data but consistent
within uncertainties;

- the shape of p; spectra
well reproduced by
FONLL, POWHEG while
MC@NLO slightly harder;
- 1 shape for high p; of
MC@NLO prediction
differs from the data;

- GM-VFSN predictions
agree both in shape and
normalization

16/06/16 v

T
ATLAS \s=7TeV,280n0"
®  Data, [y(D*)<2.1
—— FONLL
GM-VFNS
e POWHEG+PYTHIA

3

—— — POWHEG+HERWIG

T

dol/dp_(D*") [ub/GeV)
)

Theory/Data

| EFEPETS EPEPETE EPEPETE EPETETE TETETE SETErE SRS SR S |

12 14 16 18 2
m(D*)|

0|A| A AL A Al aaal i
0 02 04 06 08 1

Theory/Data

do/dp_(D') [ub/GeV]

\s=7TeV,280nb"

107 ®  Data, jyD')<2.1
—— FONLL
10 GM-VFNS
e POWHEG+PYTHIA

S — — POWHEG+HERWIG

10"

10°

107

..................
..........................

, 1( 35 10 , 10°
P{D7 ‘ p, (DY) [GeV]
ow
3350"'I"'I"']"'l'"I"'l"'I"'l"'l"’l': EpISO,..,...,...I...l...,...,...I..,,...I..,,.
= ATLAS 1s=7TeV,1.04nb" i1 3 ATLAS 1s=7TeV,1.04nb’
A 300 e  Data, 35<p (D) <20 GeV 1 & 300 e Data, 35<p,(D°) <20 GeV
= 250 w=== FONLL s POWHEG+PYTHIA E = s FONLL e POWHEG+PYTHIA
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Conclusions

e LHC performances allowed ATLAS to make high
precision measurements in the production of
quarkonium (J/w, y,.,) and HF open state (b, D*).

* At LHC new kinematical regions (e.g. high p;) are
available to deeply test the predictions of the
different models for QCD.

* Expect to fully exploite run-Il to confirm and probe
new interesting phenomena in HF production even in
challenging data-taking conditions for HF physics
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