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Weight : ~ 7000 tons

ATLAS @ LHC
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\/ '/ EToroid magnets / LAr electromagnetic calorimeters
Muon chambers Solenoid magne! Transition radiation tracker
Semiconductor tracker
Inner Detector (Pixel+SCT+TRT): Muon Spectrometr:
pr>0.4(0.1) GeV, |n| <2.5 Offline tracking: [n| < 2.7
New for Run 2: Triggering: [n| < 2.4

Insertable B-layer (IBL) — inner-most pixel

layer (r = 33 mm) and thinner beam-pipe

m(utp) resolution:  ~50 MeV for J/{
~150 MeV for Y
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Charmonium production

Non-prompt (from B decays) — probes open b quark production,
fragmentation and B-decay kinematics

FONLL, matched NLO+NLL (“massive” NLO + resummation)
GM-VFNS (“massless” NLO + mass-dependent terms)
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Charmonium production

Non-prompt (from B decays) — probes open b quark production, ; wsss55+—vo= s
fragmentation and B-decay kinematics

FONLL, matched NLO+NLL (“massive” NLO + resummation)
GM-VFENS (“massless” NLO + mass-dependent terms)
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Prompt (not from B decays) — probes specific mechanisms of QQ system production
and transformation to a meson

possibly colored QQpair g req Auarkonium (H) NRQCD: Color Singlet (CS) and Color Octet (CO)
of any possible *<*'L — d . .
quantum numbers m anti terms. Long-distance matrix elements (LDME)
83 red determined from experimental data.
' / Color Singlet Model (CSM) — only CS diagrams.

Color Evaporation Model (CEM) — only one LDME.
2) non-perturbative evolution
- Y ’ to the observed bound state

1) perturbative phase Quantum numbers change!
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Prompt (not from B decays) — probes specific mechanisms of QQ system production
and transformation to a meson

possibly co!prea;SCQ? pair red/quarkonium (H) NRQCD: Color Singlet (CS) and Color Octet (CO)
gﬂzg’;ﬁfﬁ;ers Ly N - terms. Long-distance matrix elements (LDME)
Oﬁ’% red determined from experimental data.
A ) .
’ anti / Color Singlet Model (CSM) — only CS diagrams.

Color Evaporation Model (CEM) — only one LDME.
2) non-perturbative evolution
Y ’ to the observed bound state

1) perturbative phase Quantum numbers change!

% o(1P)

s " hadrens - (2S) — nearly feed-down free

-

hadron

J/P — feed-downs ~35%
n,(18)

hadrons hadrons y* radiative

JPC = o—+ 1—— 0++ 1++ 1+- o++



Candidates / 0.02 GeV

Charmonium production: J/Y, 13 TeV
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Non-prompt Fraction

Non-prompt Fraction

Charmonlum product/on J/Y, 13 TeV
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No strong dependence from |y| range
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Larger than at smaller pp and pp energies



Charmonium production: J/\p, Y(2S), x., 7-8 TeV

U(2S), JHEP 09 (2014) 079
U(2S) and X(3872), ATLAS-CONF-2016-0XX
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Xe1o — W/ (=) v, non-prompt diff. x-sections

ATLAS, X.1/,, JHEP 07 (2014) 154

Absolute x., , cross sections are measured

| e | | I -]
E - ATLAS Non-prompt [y | < 0.75
= 1 | 1 =
E ; \s=7TeV J.Ldt=45 fb _+_ Data xc1 E
oF | Isotropic Decay —4— Data x, N
© 10 E
8 _
= ’
© 2L _
g 107
m - 3
10° =
- EFONLLb - z_X
10 = g FONLLb — 7, X
il . .
10 20 30
p;’ [GeV]

FONLL describes reasonably (somewhat harder)



[nb GeV'™

1072

107°

J/W, 8 TeV, prompt diff. x-sections

ATLAS

s=8TeV, 11.4 b

Prompt Jhy

—7— data x 107, 1.75<|y|<2.00
—¥— data x 10°, 1.50<|y|<1.75
—4— data x 10° , 1.25<|y|<1.50

data x 10* , 1.00<|y|<1.25

data x 10°, 0.75<|y|<1.00
-m- data x 107, 0.50<|y|<0.75
—o- data x 10", 0.25<]y|<0.50
—o— data x 10°, 0.00<|y|<0.25
B NRQCD Prediction

e =

e

| \| ] | | f:._?liﬁ:_’
10 20 30 40 10?

Theory/Data

CaMWBREAOANWEREROLANWEOANWEOLANWREROLANWREROLANWREOLANWSES

ATLAS

\s=8 TeV, 11.4 b
Prompt JAy Cross-Section

z
]
Q
(o]
o

Data [J/v] Theory / Data
1.75 < |y| <2.00 ::
M
150 < |y| <175 :;
M
1.25 < |y| <150 :E
-nﬂ;
1.00 < |y| <125 =

l

0.75 < y| < 1.00

l

N R _+_ -

l

0.50 < |y| < 0.75

0.25 < |y| < 0.50

t

t

Niinnnniinnnnian

0.00 < |y| <0.25

89

50 60 70 80 9010°
P () [GeV]

10 20 30 40

NLO NRQCD (Y.Q. Ma et al.) is generally o.k.



B(w(2S)=Jiy(—p'w) m'n) fe®/dp, /dy [nb/GeV]
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)(61 /2 A, (—>u w)y, ratios for prompt diff. x-sections
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X(3872), 8 TeV, prompt/non-prompt diff. x-sections

ATLAS-CONF-2016-0XX
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X(3872), 8 TeV, indication of enhanced B, contribution
ATLAS-CONF-2016-0XX
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Non-prompt X(3872) production suggests enhanced B, contribution
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Beauty meson production: B*—J/wK™*, 13 TeV
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Beauty meson productlon B*—>J/guK+ / TeV
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FONLL provides reasonable description although with large theor. uncertainties
Central predictions are somewhat harder
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Strangeness suppression in b fragmentation: f_/f,, 7 TeV
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JAWK'K candidate mass (GeV)

36290 + 320 BY — J/wK™

Npo

d

Npo = 6640 = 100 BY — J/u¢

fs BB = J/uid)
fa B(BY, — J/yK*0)

= 0.199 £ 0.004(stat) + 0.008(sys)
‘;—5 = 0.240 £ 0.004(stat) £ 0.010(sys) + 0.017(th)
Jd

B(B? — J/u) - ,
. —- = 0.837003(wp) 0 00 ) 0 02(@) .02 me)

B(B) — J/wK*0) )

pQCD, X. Liu et al.
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f/f,

Strangeness suppression in b fragmentation: f_/f,, 7 TeV

0.3

0.25

0.2

IIIIIIIIIIII|l||||||||||||||||||||||

— ATLAS —

2.47 fb!
\s=7TeV J -

—-— .- 1

|
e

..... Fit f/f , = (0.211£ 0.025) + (0.001+ 0.001)xp_ N
— Fit f/f /= 0.239+ 0.007 |

— ATLAS measurement

10 15 20 25 30 35 40 45 50

p, [GeV]
T I T T T T T T T T I T T T | T T T T
— ATLAS [ ] f/f;HFAG average = —
| ATLAS i ]
\s=7TeV 5
| LHCb (hadronic decays) : |
\s=7TeV 5
| LHCb average : |
\s=7TeV i
| CDF ___ N
Vs =1.96TeV i
| LEP (HFAG average) i |
\ sl =m;, !
1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 I 1 1 1 1

P 1
01 015 02 025 03 035
fo/f,

k‘o T T T T I T T T T [ T T T T T T T T | T T T T
> 0.3— ATLAS —
| 24710 |
| \s=7TeV |

0.25—

——— R e s T TR
i — -]
0.2— ... Fit f/f ;= (0.241% 0.014) - (0.004 £ 0.014)x/y/
- — Fit f/f ;= 0.238 % 0.007 .
B —— ATLAS measurement 7]

1 1 1 L I 1 1 1 1 l 1 1 1 1 | | L L L I 1 1 1 1

0 0.5 1 1.5

No sizeable p; and n dependence

2 25
Ul

Good agreement with other measurements
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Charmed meson production: D**, D*, D *, 7 TeV

D** — DO z* — (K" 7*) & (+C.C.) 7 "

.
D* — K #n* n* (+C.C.) 1 D/u‘éf——f—"

—
<
o
e

_+_

g = 000 GeY

K-
D** Secondary vx
Ds+ —> @ at— (K- K*) #* (+c.c.) 2 b
Interaction point '.e\p Net reconsructed
&> ET 0 T ' ' EEE
S = ATLAS Simulation \s=7 TeV, n(D)|<2.1 3 z T T T T T T T T T T T T
— - - [ = -I_
2 S 3w e P e e 3] 2 - —+ | |
) - | 5
e - E = o
g | - I b &
= | _ = B
- L l - - ATLAS

trig. jet

| — — E M. 15Gev
10—3 1 1 1 1 1

- """"" ——— Min. Bias Triggers - + Diata 2009
Y I S e ETO 6 ey 09851

S — rig. jef :

: r— ES 5 10 Gev -

=
o
o
i-Y
[
[=x]
|
=]
1=
—
=
-
jury
-
Pl

= 1250 T T T T 2 120 . ! i > 625 T 1 - 75

[ _ 1 [ ] T T T
& amas is-7Tev 104" ] © [ ATLAS 1s=T7TeV.280nb ] & [ aTmas is-7Tev,1.04n0" b g ATLAS 15=7TeV, 250 nt”
S jogp e Data 3.5 <p(Kas) <20 GV, lKnml < 2.1 3 S 00— D.axa. 20 < py(KnR) < 100 GeV, m(Knm)| <2.1 — g 500 - @ Data, 3.5 <p,(KKn) < 20 GeV, iiKKa)| <2.1 3w *  Daia, 20 <p,(KKx) < 100 GeV. yiKK)| < 2.1 A
s F . re N - roo0s 100 s = E— FEN) = 17304100 (stan e Ey — FEND)-313:60 (s E —— Fit:NDY) - 15825 (stal)
g H § g
g £ g g
5 2 -] 3
2 £ g £
5 9 & &
s} Q =]

I | L I L L L L 1 0 - 1

0 0 - ] 17 18 19 2 21 22 23 17 18 18 2 21 22 23
16 1.7 18 19 2 21 22 1.6 1.7 18 19 2 21 22
m(Kmn) [GeV] m(Kan) [GeV] m(KKx) [GeV] m(KKx) [GeV] 2 2



D meson visible x-sections

low-p;: 3.5 -20 GeV

high-p;: 20 - 100 GeV

oVis(D*E) oVis(DE) o¥is (D)
Range low-pr high-pr low-pr high-pr low-pr high-pr
[units] [ub] [nb] [1b)] [nb] [ub] [nb]
ATLAS 331436 | 988 £100 | 328 £34 | 888 £97 | 160 + 37 | 512+ 104
GM-VFNS 3401130 | 10007125 | 3507150 | 98011Z0 | 147tii | 470735
FONLL 2021125 | 7531123 | 174tioe | 61792 . .
POWHEG+PYTHIA | 1581122 | 6007320 | 1347138 | 4801230 | 62751 | 225!
POWHEG+HERWIG | 1377127 | 6907380 | 121729 | 580705 | 51732 | 2687197
MC@NLO 1577123 | 0807350 | 140112 | 8107320 | 58752 | 345T'D

POWHEG+PYTHIA/HERWIG — matched NLO+LL (developed from “massive” NLO)
MC@NLO (+HERWIG)

FONLL

— matched NLO+LL (developed from “massive” NLO)
— matched NLO+NLL (developed from “massive” NLO)

GM-VFNS — developed from “massless” NLO, consider explicitly flavour excitation diagrams,
consider fragmentation of light quarks and gluons to D mesons
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D** signals and visible x-sections

%2000_| L L L B AL I ]
= - ATLAS \s=7TeV,1.04nb" 1
Ln — —
o = Data, 3.5 < p_(Kn,) < 20 GeV, m(Knn )| < 2.1 .
~ 1500 (— —
S I s
= - w ]
£ - .
2 1000 — —
E i ]
© i ]
500 S Right-charge combinations .
- o meees Wrong-charge combinations -
i —— Fit: N(D**) = 2140 £ 120 (stat)
0 _I 1 L 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 Il I 1 1 1 1 | Il 1 1 I_
140 145 150 155 160 165 170
m(Knr,) - m(Kn) [MeV]
Gauss™ o exp[—0.5
DATA:
o¥S(D**) = 331 + 18 (stat) = 28 (syst) + 12 (lum) £ 5 (br)ub
POWHEG+PYTHIA:
(D) = li*'n‘.%“‘_'%'i’(sn:ale]l““'i [.'PJQ}+14{PDF'EB<I ;-”g[hadtmb
FONLL:
V(D) = 202+113 (scale)35 (mg) = 21 (PDF) £ 5 (ff) pb

Combinations / 0.5 MeV

f .
II+I_.I[]+[!.5 .r]].

400

L L L L R B
ATLAS \s=7TeV, 280 nb"

200 Data, 20 < p_(Kn,) < 100 GeV, [n(Kn,)| < 2.1

e Right-charge combinations

200
----- Wrong-charge combinations

——  Fit: N(D*") = 732 + 34 (stat)

100

-r'.-l-'.l-l.ll--e-l-l. 1 - i -: 1 i -I
140 145 150 155 160 165 170
m(Knr,) - m(Kn) [MeV]

where x = [(Am — myg)/c|.

oViS(D**) = 988 + 45 (stat) + 81 (syst) + 35 (lum) = 15 (br) nb

o B8(D™*) = 600575 (scale)?)] (mg)™3; (PDF & a)717% (hadr) nb.

o S(D**) = 7537118 (scale) ™35 (mp) + 41 (PDF) £ 17 (ff) pub
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do/dp_(D*) [ub/GeV]

Theory/Data

D)= Qifferential x-sections vs pT(D{*)i)

T T T T T T T T

— .
ATLAS \s=7TeV,280nb"

®  Data, n(D*)|<2.1
B FONLL

— ’ ’
ATLAS Vs=7TeV,280nb"

® Data, |n(D")[<2.1
Es=— FONLL

------ GM-VFNS
------ GM-VFNS
. POWHEG+PYTHIA © POWHEG+PYTHIA
—— — POWHEG+HERWIG a

...... MC@NLO

do/dp_(D*) [ub/GeV]
5]

T — — POWHEG+HERWIG

Theory/Data

3.5

10 ‘ 10°
b (D) [GeV]

GM-VFNS - agree both in shape and normalization
FONLL, POWHEG, MC@NLO - agree within large theoretical uncertainties

MCaNLO - worst shape description
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D)= differential x-sections vs \H(D(*Ji)\

R S e e L N A N ]
- ATLAS \s=7TeV,1.04nb’ 3
300 o  Data, 35<p (D) <20 GeV E
- === FONLL . POWHEG+PYTHIA 1
250 - e GM-VFNS — — POWHEG+HERWIG A
C e MC@NLO ]
200 — —
150 ERSIII -
100
50
0 11 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 1 1 1 I 11 1 I 11 1 I 11 1 I 1
0 02 04 06 08 1 12 14 16 1.8 2‘+
m(D*)|

3.0 < pr < 20GeV

E‘ 350 N T 7T I L I L T L I T 1 71 I L ] T 17T I L ] UL I L I _]
= - ATLAS \s=7TeV,1.04nb" 3
5 800 o Data, 35<p (D) <20 GeV E
E C ommss FONLL e POWHEG+PYTHIA 7
o 250 F eeee- GM-VFNS — — POWHEG+HERWIG
3 SUETTIEY MC@NLO ]

200 — o

150 R

0 02 04 06 08 1 12 14 16 18 2
m(D)l

GM-VFNS - agree both in shape and normalization

FONLL, POWHEG, MC@NLO - agree within large theoretical uncertainties
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do/dm(D**)| [nb]

1200 77— = 1200 77
- ATLAS \s=7TeV,280nb’ = - ATLAS \s=7TeV,280nb’
1000 - e  Data, 20 <p (D*) < 100 GeV E 1000 |- e  Data, 20 <p (D) < 100 GeV
[ === FONLL s POWHEG+PYTHIA = [ === FONLL s POWHEG+PYTHIA
800 . T GM-VFNS — — POWHEG+HERWIG % so0 . T GM-VFNS — — POWHEG+HERWIG
TR MC@NLO o T MC@NLO

D™* differential x-sections vs |n(D*)%)]
20 < pr < 100 GeV

»
o
o
T
—.—
—e—

(o))

o

o

: T T 17

1—.—5-
||1|||||||||||||||

400 - - - -- - - - - - - - ot - o e mmenen 400 E s e @ T e feeiacaaaaas
0 _I 11 I L1 1 I 11 1 I 11 1 I L1 1 I 11 1 I L1 1 I 11 1 I L1 1 I 11 1 I \_ 0 _I 11 I L1 1 I 11 1 I L1 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I I_
0O 02 04 06 08 1 12 14 16 18 2 0O 02 04 06 08 1 12 14 16 18 2

m(D*)] ]

GM-VFNS - agree both in shape and normalization
FONLL, POWHEG, MCa@NLO - agree within large theoretical uncertainties

MC@NLO - worst shape description
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Extrapolation with FONLL, total cc x-section

HE{}E{D[*}} = {0 - — ‘r-:l 1T“{D'*|1 tl . fﬁ_;.f_.ll NLO &

pp—ceX DX = T is extr

fVEOcE L1416 (relatively stable)
O et _'!::r.fl,l.r I*I If"['—:'DI“:‘J [2

weighted mean from D** and D~ :
3.5 < pr(D) < 20 GeV

1g and [(D)| < 2.1
o' = 8.6 = 0.3 (stat) = 0.7 (syst) = 0.3 (lum) + 0.2 ()3 (extrymb  (ATLAS)

1 < pr(D) < 24 GeV

1.0 5.0 and |y(D)| < 0.5
o' = 8.5 + 0.5 (stat) 5, (syst) £ 0.3 (lum) £ 0.2 ()75, (extrymb  (ALICE)
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Ysid =

v

P =

Extrapolation with POWHEG+PYTHIA, fragm. ratios

__tot + _tot +
{J—ff' [Dﬂl } {TCE' ':DT ]

t‘r‘f%tiﬂ*ﬂ + (:TL‘%‘{DJ’} — (‘J‘L‘?{D*ﬂ A1 = B pogs) B {TE?(D“L} + cr}?(ﬂ‘*’*} B i poge

Lot d4 ) Lot #4
{TEE.(D ) {rﬁ"t’D )

(:TE_%‘{D*J’} + u:,T:,?-,tlfDﬂ — t:rg{ﬂ“’} (1 = BI}#+_}!J{:|H+'} JE.C;{DJ’J + (‘J‘L’?(D**} . EBDH_PDUFL

ysid = 0.26 £ 0.05 (stat) £ 0.02 (syst) £ 0.02 (br) £ 0.01 (extr),

P4 =0.56 +0.03 (stat) + 0.01 (syst) £ 0.01 (br) £ 0.02 (extr).

LEP _ fle = DY)
Vsid flc = D*) + f(c > D**) - Bpes | pog+

=0.24+0.02 £ 0.01 (br)

pLEP _ fle > D7)
v fle > D)+ flc = D) - Bpee o+

=0.61 £0.02 £ 0.01 (br)
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3¢ 2 2 ¢ X6 >¢

Summary

Charmonium production: non-prompt fractions are similar at 7 TeV
and 13 TeV, larger than those at smaller pp and pp energies

Charmonium x-sections, Non-Prompt: FONLL and GM-VFNS agree
Prompt: only NLO NRQCD generally agree

X(3872) production, Prompt: NLO NRQCD (y.,(2P) dominance) agrees
Non-Prompt: FONLL is too high (large Br uncert.)
an indication of enhanced B_* contribution

Beauty and charmed meson productions: strangeness suppression is
~0.25 in both beauty and charm fragmentation

Beauty meson x-sections: FONLL generally agree (somewhat harder,
like for charmonium)

Charmed meson x-sections: GM-VFNS agree in shape and norm.,
FONLL and POWHEG below the data, agree within large theor. uncert.,

MC@NLO shows the worst shape description

More results at 13 TeV with up to 25 fb! by the end of 2016,
and with ~100 fb! by Meson 2018 30
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LHC

Luminosity [cm2s]
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Year ending

7-8 TeV

Run 1
25 fbl

13 TeV

Run 2
100 fb1

Run 3
300 fb!

Run 4
HL-LHC
3000 fb1
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Inner Detector and Muon Spectrometer

Pixel detector: 3 barrel layers, 2 x 3 end-cap
s . - discs: Org ~ 10 pm, 0; ~115 pm

IO S — ® Semiconductor Tracker (SCT): 4 barrel layers,
[ . SSRNN 2 x 9 end-cap discs: Orp ~ 17 pm, 0z ~115 pm

® Transition Radiation Tracker (TRT): 73 barrel
straw layers, 2 x 160 end-cap radial straw
discs: Orp ~ 130 pm

® Allwithin a 2 T magnetic field

\ End—c semiconductor tracker
i P ATLAS ID o(pT)/pT ~ 0.05%pT(GeV) & 1%

Thin-gap chambers (T6C) Muon Spectrometer
Cathode strip chambers (CSC)

» Toroidal magnetic field: bending power
1.5-5.5 Tm (barrel) and 1-7.5 Tm
(end-cap)

-, » Precision chambers (Monitored Drift
Tubes MDT, Cathod Strip Chambers

CsC)
i »  Fast Trigger layers (Resistive Plate
Borrel toroid Chambers RPC, Thin Gap Chambers
Resistive-plate TG C }
chambers (RPC)

> |n| < 2.7, a(pT)/pT ~ 10% up to 1 TeV

Monitored drift tubes (MDT)
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Minimum-Bias Trigger

i T T 1 T T T T T T T T T

e e

5 i ]

§ 09951 _+_ .

= - ]

" goel ATLAS 1

) :‘% W5 =900 GeV -

D_BEE__ + Data 2009 _

ey el B\ |\ . ]

. . o ’ 038 | . vy T
MinBias Trigger Scintillator at z=+3.56 m 1 2 3 4 5 6 7 8 9 10 11 12

on LAr cryostat; 2 rings with 8 sector in azimuth Number of tracks mEs
2.09<|n|<2.82, 2.82<|n|<3.84

At least one hit above threshold in the Minimum-Bias Trigger Scintillators
at each end of the detector

Efficiency is ~¥100% for events with at least 2 tracks passing beam-spot region

MBTS trigger allow us to measure D-mesons production cross-sections
without uncertainty originating from trigger efficiency

The trigger is heavily prescaled with luminosity increase y



Entries / 4 MeV

Entries / 4 MeV

(fit-data)/c

Y(2S) — I/ (—ptw)r

100?1'03|"___'D" JHEP 09 (2014) 079
80f- R N
605 2% Signal 200 000 ¢/(2S) mesons

40 e
. ATLAS

- contributes to inclusive J/
X-sections

Illllllllllllllllllll_

20[- E7TeV. 211" - free from feed-downs of
I R S SR S R S 1 1
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0-25‘1'0Ie"‘l"'l“’l"‘I“'I"'I"‘]"I"'l %) 2SI DN B L L B

- one atas ] & oRaras T o o To separate prompt and

I, Vs=7TeV, 2.1fb 5 E Ys=7TeV, 2.1fb — Fit
0.2__"”” brompt Signal |11|sp7<12GeV _: %IJ: 10 Er | Mif{;m(&ev = Prompt Signal non_prom pt

- Non Promet Signai y| < 0.75 é 105;_ Non Prompt Signal .
o150 - " Promp Bk (from B decays) production

= == Background 10* = -+ =+ Non Prompt Bkgd
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10° . : " 4 1=
008 E 3 : used
X .I 10 3
G_ 1 1 1 ] 1 LU
2 = . , P
1 T 3 Lyy -myy L-pr
0 1 8 o T= ——5— Ly, =—
1 ] £ 2 lPr Jzd
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Weighted u*uy Candidates / (0.01 GeV)

Xe1p— /W (=) y

2 0 >i1| 06| T T T T T T T T T T I T T T T I T T T —
E ATLAS 10 <p"¥ <30 GeV ]

1 .8:— \s=7TeV y'¥ <0.75 i
1.6 J.Ldt —451" ¢ Data E
- — Fit —
1.4 ~ ---- Background E
1.2 Signal x, =
10 - [ Prompt Signal % E
r BEE Non-prompt Signal 3
0.8 [ Prompt Signal %, —]
0.6 - BEE Non-prompt Signal x =
0.4  ates® 7 =

Weighted p+uy Candidates / (0.15 ps)

0.5

0.6

0.3 0.4
+” uTh
m(uy) - mu'w) [GeVv]
L L L L L AL B B
107 ATLAS 10< plY<30GeV |
E Vs=7TeV ly'¥ <075 3
B _ S ¢ Data
106 E_ jl—dt—4.5 fb 3 - =
N Background B
108 7777 Prompt Signal -
f = Non-prompt Signal E
10'e
10
10°E =
- 12 14

i
10

Pseudo-proper Decay Time 1 [ps]

JHEP 07 (2014) 154

only converted photons

pt > 1.5 GeV and |7| < 2.0

295 < m(ptp~) < 3.25 GeV

0.7

To separate prompt and non-prompt
(from B decays) production
pseudo-proper lifetime is used

= 3

L-pr
\pT|

B L,“J C My

— L
P

Xy =
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B(w(2S)=Jiy(—p'w) m'n) fe®/dp, /dy [nb/GeV]

Y(2S) — J/Y (—ut ), prompt diff. x-sections

10°E Amas Prompt
pt y(2S) data

6
10 {5=7 TeV, 2.11b" —e— 1y[<0.75 (x10°)
10° e _ —=— 0.75< |y|<1.5 (x10%

10 -
10°
=
10

—a— 155 |y|<2.0

10
102
103
10
10° E =w=s NLO NRQCD

10®E - - - - k, factorisation

107 = %%%% Colour Evaporation
108 & B NNLO* Colour Singlet R
1

N
‘.~

20 30 40 50 60 70 8090107
v(2S) p, [GeV]

— [
o

- NLO NRQCD is generally o.k.
- CSis too low even at NNLO*

- CEM is somewhat too hard

Theory/Data Theory/Data

Theory/Data

10

Prompt y(2S) data: |y]<0.75

== - -
- @ = K, factorisation

50 60 70 80 90107
y(2S) p, [GeV]
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Beauty hadron production: B*—J/wK*, 13 TeV

> | . L . l L SR ] l | AR GRS R I LN I I | I LI 1T T LI L I_ > T I T
230000 —ATLAS Preliminary 4 225000 —ATLAS Prehmmary .
g E V__1 3 Tev L 3 2 fb 1 ® Data 2015 E © - V_ 13 TeV L 3 2 fb [ ] Data 2015 u
8 25000 ;_ Fit model _; 8 20000 :_ ny > 0.20 mm Fit model —:
E : . E - B* - Jy K* i
20000 :— ....... Background model _: 1 5000 - + Background model ]
15000~ - = - - -
r  gEmEmE) ... Combinatorial background ] 1 OOOO __ """"""" Combinatorial background __
1 OOOO — - Mis-reconstructed background _: E - Mie:reconstructed hackground E
: 5000 —
21010142 e N = .
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oo L by
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;‘ 5290_ — 71 r 1 1 rr 11 1 1] ; 5290 L L L | 7]
[0 - ATLAS Prellmmary ] g C ATLAS Prellmlnary .
= 5288 \s=13 TeV, L=3.2 fb” E 2. 5288 /s=13 TeV, L=3.2 fo”" e
@ 52863— _f gg 5286;— L,, > 0.20 mm —;
N Weighted mean m(B”) . 5282i Weighted mean m(B") E
52821— ] - ]
= Ty T T + Ll : - .
52781 ++ +_+__ 5278F ++
5276/ . 5276 E
2 + E - mM(B*) = 5279.34 + 0.09 (stat.) MeV ]
- m(B*) = 5279.31+ 0.11(stat.) MeV . so7ar "0 (stat.) Me E

5274__ —_ | L1 | P S S T PRI B R | I
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flavor creation

NLO++ predictions (gg — QQ, q4 — QQ)
POWHEG-PYTHIA, POWHEG-HERWIG, MCa@NLO(-HERWIG)
matched NLO-+LL calculations 9 7650000 b

available as public generators 4
use MC fragmentation and decays
normalized (by us) to LEP fragm. fractions (f(c — D). f(b— D))

9 7000000 ——<+— )

q b
FONLL from M.Cacciari et al.
matched NLO-+NLL calculations (developed from “massive” NLO)
available from public web-form 9 b

use own fits of fragmentation functions

gluon splitting
(g — QQ)

normalized (by us) to LEP fragm. fractions

GM-VFNS from B.Kniehl et al.
available from authors by request (developed from “massless” NLO)
use own fits of fragmentation functions and fragmentation fractions  flavor excitation
consider fragmentation from light quarks and gluons to D) mesons (gQ — gQ, gQ — qQ)
only scale uncertainties (dominant)

Scales and parameters and set and varied by the predictions authors
or in consultations with them
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do/dp (D™ [ub/GeV]

Theory/Data

D)= Qifferential x-sections vs pT(D{*)i)

T T T T T T T T T T T ; T T T T
ATLAS \s=7TeV,280nb" . ) ATLAS \s=7TeV,280nb"
®  Data, [n(D*)}<2.1 5 10 ®  Daia, |n(Df)[<2.1
m=— GM-VFNS = E=— GM-VFNS
------ FONLL —~ 10 ------ FONLL
© POWHEG+PYTHIA 2} - POWHEG+PYTHIA
— — POWHEG+HERWIG %" 1 — — POWHEG+HERWIG
------ MC@NLO ®
© 1o
1072
107®
107
o 1.8
T 16
Q 14
5 12
@
= 0. [N - - - £ ... T -
- [ ——l T
0.6 o Fersmememema T T oo SR e
0.4 .
0.2 =

R
p,(D') [GeV]

GM-VFNS - agree both in shape and normalization
FONLL, POWHEG, MC@NLO - agree within large theoretical uncertainties

MCaNLO - worst shape description
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D)= differential x-sections vs \?}(D(*)i)\
3.5 < pr <20GeV

g 450 EI I AlTILIAISI I I:IS I_I7I Tlelvl I1l0|4l I-Ilbl'1l Y T T T I IE E‘ 450 [T 7T | LI I LI I LI I I LI I LI I LI I LI I LI I LI I T
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GM-VFNS - agree both in shape and normalization

FONLL, POWHEG, MC@NLO - agree within large theoretical uncertainties
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D)= differential x-sections vs \H(D{*Ji)\

ATLAS \s=7TeV, 280 nb"
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GM-VFNS - agree both in shape and normalization

FONLL, POWHEG, MCa@NLO - agree within large theoretical uncertainties

MC@NLO - worst shape description
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Z + J/Y production (1%t obs.) ATLAS, Z +J/W, arXiv:1412.6428

Prompt component probes mechanisms of cC system production and transformation
to a meson at high scale; potentially sensitive to Double Parton Scattering (DPS)
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Z + /Y (—u*), integrated and diff. cross sections
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W + J/Y (—u*), Ae distr. and rates w.r.t. inclusive W

N
o

LA L L L L N L L Y

ATLASNs=7 Tev,jL dt = 4.5 fb"
- W + prompt J/y data

Events /0.5

15; Estimated DPS contribution .
i DPS uncertainty ]
I 1 2743ty 7 t
[ ] 2747 W pmmpt fl,tr events
10F s
5 -

7// //// L 4,//////////?//?/?/;//?////////////// /7////__ D PS Oofi = 15 :I: 3 {E-’[HI }+ {b-‘rra } mb

0 | .
el e et 10.8+4.2
0 0.5 1 1.5 2 25 3
AG(W,J/y)
3><10'6

pp— prompt J/y + W : pp— W
ATLAS, \s =7 TeV, jL dt=45fb"
0<|ny\“|<2.1 ,85< Py < 30 GeV

i == Data

< oL 3% Spin-alignment uncertainty
; - B3% LO CS including ¥ feeddown
© B [l NLO CO prediction

L pp— prompt J/v + W : pp— W i
ATLAS, \s =7 TeV, IL dt=45fo’

—4§— Data

[N Spin-alignment uncertainty
Estlmated DPS contribution

do(W+J/y)
N
T

_§V
2
0

7
-

1

—
4

BR(J/y—pup) x

i
| ||\|\|’ﬂ

o
()]

e e

//////////

J/y Transverse Momentum [GeV]

Fiducial Inclusive DPS-subtracted

LO CS: Lansberg et al. NLO CO: Mao et al.



