Lancaster E=

ATLAS University #

EXPERIMENT

Quarkonium and heavy flavour production
at ATLAS

Roger Jones
On Behalf of the ATLAS Collaboration

QCD®@LHC 2016, Zurich, Switzerland

25-August-20161



Lancaster E3
@ATLAS Triggering for B-physics: Run-1 University * *

EXPERIMENT

3-level system O(20MHz) -> O(400Hz) (2-Level for Run-2, @ 1kHz)
— Level 1 - hardware O(75)kHz

> T T RN RRRRE RN AR AR 3

— Level 2 and Event Filter S LATLAS Preﬂm'”aWJ/ :

o 107 g|Ldt=3.21 =

 Software-based T F (s=13Tev -

N L A6 _

. . . o 10°E E

* Offline-like reconstruction £ ¢ E

software e~ W .

* Primary B-physics triggers: 10*
— Two muon signals at L1 0o

— confirmed at L2/EF with vertexing T TR

and invariant mass criteria applied ATLAS:BPhysicsTriggerpublickesuts MW7) [GeV]

Varying thresholds and prescaling applied to maximise signal rate

 Two muons; pr(u) > 4 GeV (n4pd) , p4ué

(2015+ Requirements of higher thresholds / prescales.)



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysicsTriggerPublicResults
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* Many relevant ATLAS results now available

 Recent ATLAS Results in this talk:  For open beauty see
abriele Chiodini ’s talk
on Tuesday
Production Cross-sections * Di-J/y in David Bartsch's
talk after tea
Differential non-prompt J/y production fraction at 13 TeV ATLAS-CONF-2015-030
J/y and w(2S) — np at 7 and 8 TeV Eur.Phys.J. C76 (2016) 5, 283
y(2S), X(3872) — J/ynn ATLAS_CONF-2016-028
Search for Xy PRL B740 (2015) 199
Open HF Production
fi/fa PRL 115 (2015) 262001
Charm production Nucl. Phys. B907 (2016) 717

Comprehensive set of measurements across variety of decay modes
and states
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Cross-Sections

* Measurement of the prompt and non-prompt differential cross-sections of
heavy quarkonia, typically in the dimuon decay mode

— Measured in 7 TeV (2011, 2.1 fb!), and 8 TeV (2012, 11.4 fb!), now 13 TeV

— Here | concentrate on the recent charmonia results
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K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014)
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* Y(2S) meson: no significant feed-down from higher mass quarkonia,
* unique possibility to study JP¢=1" states.
* J/1 production: contributions from 1~ and J** in comparable amounts.
. . Transverse Invariant
» Non-prompt fraction and Ratio of 1(2S) to J/y also extracted. Ly - m(pup2)
_ Oxy
- Use displacement from PV for (non)-prompt separation T(pp) = pr ()
- Prompt: 5(7_) X R(T) Transverse
- non-prompt decays: 1/7y - exp (7/7y) @ R(T)
- Crystal-ball + Gaussian for mass description
- Weighted unbinned maximum log-likelihood fits to each pr— |y]| slice.
x10’ [ R B B B B B BRSO B
2-2 ; ATLIQS | ‘> | | ‘ E Lg_ ° E ATLAS i Ei?t:mdel E
E Vs=7TeV,2.1fb" 2 S [ Vs=7TeV, 21 o' T Prompt 8
1.8 = 26.0<p, <30.0 GeV § > 10 3 gﬁ:‘::mmpt E
A I s b sy E * Default: assume no spin
A E 4 w E <p.<30.0GeV 3 .
1.2? 37 m(su'ﬁ)[ee\?jgé E $%2<|€/Tl<géoge 7 a||gnment
1; il?i?t;odel E 102? E
o8F I\ o RoBomet g ]
06 St E 10k -
i s e Bk
26 28 3 32 34 36 38 4 4 2 0 2 4 6 8 10 12 EUI’.PhySJ. Cc/76 (2016) 5, 283

m(uy) [GeV] (uw) [ps] arXiv: 1512.03657



http://arxiv.org/abs/1512.03657
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» Comparison of ATLAS data to other LHC experiments.

* Good agreement between CMS for overlapping rapidity and pr (@ 7TeV),

- Also compared to LHCb, in overlapping pr, but adjoining slices of rapidity (@ 8TeV).

- Comprehensive suite of measurements, now covering areas of
pt: 0-120 GeV, y: 0—4.5 at LHC energies

Prompt J/l/) 7 TeV Prompt Y(2S), 7 TeV JIY, 8 TeV

= 10'g 0ot _0 o8 13 g E 0x10 ATLAS 0.04 E < 107
E E yl<0. 2 3 :
F A LAS ;x :g QLLSAOSOO ?TZ:: % % A TLAS -©x 10°, CMS 0.0<lyl<0.3 E 2 o ATLAS
8 10° £ Prompt Jiy il d 1 G 10*EPompty(s) 4 O 10°g [s=8TeV
5 F Vs=7 Tev = x 10", ATLAS 0.25<ly1<0.50 | o E Vs=7 TeV . =x 10", ATLAS 0.25<lyl<0.50 ] = Jhyp cross-sections
‘é 10 E ATLAS, 2.1 fb! =x10',CMS 0.3<lyl<0.6  § S o3 ;éIAI'SASAf’ g 'f1b»f1b X10% NS 0:341<06 . i 10" 655@81 ;1 é}cb ’
R E -1 = E , . E -
>, 1 04 %CMS, 4.6 fb 4 X 10%, ATLAS 0.50<ly1<0.75 *; 5 % F A X 102, ATLAS 0.50<lyl<0.75 % g 10 p
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E £ E —~ EZ . h E— 00— -
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+1 ] 02 5‘*“&‘** 'Vvvv % x 10%, CMS 0.9<lyl<1.2 E +i F *Qgt e, x10°, CMS 0.9<lyl<1.2 E S 102 E ~ —O—0n o
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* Double-differential cross-sections times BR: d>o(pp — ¥) « BOY — i) = N£
— Prompt — compared to NRQCD, dprdy AprAy x [ Ldt
— Good agreement across range of pr, — No observed dependence with rapidity
e Although data a little softer JA Y(2S)
ATLAS ATLAS
e [ NRaCD (627 Tov. 2.4 10" ¢ | NRaco 5=7 TeV, 2.1 fb™

7 Tev Prompt Jhp Cross-Section Prompt 1(2S) Cross-Section
—+— Data [J/y] —+— Data [y(2S)]

Theory / Data Theory / Data

1.75 < lyl < 2.00 - 1.75 < lyl <2.00

i

Theory/Data
Theory/Data
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NLO derived using
HELAC-ONIA
tuned from
Tevatron data
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* Double-differential cross-sections times BR: d’o(pp — ¥) L le,)
XBY - pup) =
—  Prompt — compared to NRQCD, dprdy AprAy x [ Ldt

— Good agreement across range of pr, — No observed dependence with rapidity
« Although data a little softer JA Y(2S)
ATLAS ATLAS
. NRQCD V5=8 TeV, 11.4 fb" . NRacb Vs=8 TeV, 11.4 o'’

Theory / Data Theory / Data

8 Tev Prompt Jhp Cross-Section Prompt y(28) Cross-Section
_+_ Data [J/y] —+— Data [(2S)]

- 1.75 < lyl <2.00 1.75 < lyl <2.00

l
!

{
1 \‘\‘\‘\ 1 \‘\‘

Theory/Data
Theory/Data

- 150 <lyl<1.75 150 <lyl<1.75

I
l

NLO derived using
HELAC-ONIA
tuned from
Tevatron data
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— Non-Prompt — compared to FONLL,

dprdy

— Small tendency for y(2S) prediction to overestimate data

7 TeV

 FONLL predicts a
harder spectrum
than data.

 General trend
appearing across
several final
states.

Theory/Data

CauNWAROaANWAEAOANWROLUNWAROLANWAOLANWAEAOLANWROLNWS

Jhp

ATLAS

Vs=7 TeV, 2.1 fb
Non Prompt JAp Cross-Section

® | FONLL

—+— Data [J/y]

Theory / Data
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— ° —
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= L] —
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— °
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090000000090 00-0-0-0-0-0—8& - °

0.75 =< lyl <1.00

i

0.50 <1yl <0.75

1

0.25 < lyl <0.50

1

0.00 <1yl <0.25

L 1]

l

50 60 70 80 9010*
P_(uy) [GeV]
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XBW —p ) =

Theory/Data

J/Y and 1 (2S): Non-Prompt cross-section

*  Double-differential cross-sections times BR:  q25-(pp — bb — )
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AprAy X f Ldr

P(23)

® | FONLL

—+— Data [y(2S)]

- 1.75 <yl <2.00

ATLAS

Vs=7 TeV, 2.1 b
Non Prompt y(2S) Cross-Section

Theory / Data

0.75 < Iyl <1.00

F

0.50 <yl <0.75

0.25 < lyl <0.50

{

0.00 <lyl <0.25

?

?
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*  Double-differential cross-sections times BR:  q2¢-(pp — bb — ) N,

XBW —>uu) =
— Non-Prompt — compared to FONLL, dprdy W= ApTAyfodt

— Small tendency for 1(2S) prediction to overestimate data

JA P(23)

C 1.25 <1yl <1.50 1.25 <lyl <1.50

ATLAS ATLAS
. FONLL . FONLL
Vs=8 TeV, 11.4 fb™ Vs=8 TeV, 11.4 b’
8 Tev Non Prompt JAp Cross-Section Non Prompt y(2S) Cross-Section
_+_ Data [J/y] Theory / Data _+_ Data [y(28)] Theory / Data
© — —] © —]
s F 1.75 < Iyl < 2.00 H4 ® 1.75 < lyl < 2.00 =
Q il 1 2 =
£ if =8 NN TTITT I ———3 e
. 8 Z 0000000 M 4 A o = 8 =
 FONLL predicts a £ oE = £ =
- 1.50 <yl <1.75 T 1.50 <lyl<1.75 _
= = e
harder spectrum | e —oo—o 8 = commesssss 3888 8.8 3 . o

than data.
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ATLAS-CONF-2015-

. @ LA L L B LI AL IR BN
¢ Non'prompt productlon o - ATLAS Preliminary ly"*1<0.75 .
fraction: g- 103§ 6W4IOI1O31Tev 10;0:,:: <11.0 GeV _§
2 B — Fit ]
- 6.4 pb-l Of early 2015 é 1025— —— Prompt Signal —
. c E = Non-prompt Signal 3
data-taking (Run-2). S - - Background ]
10 3
— Simplified analysis to 7/8 TeV: g :
. . . 1 —
* Efficiencies largely assumed to
cancel in ratio. 107 S
(w'w) [ps]
8 1.0: T T B
— Strong dependence on pr. g o9t i LASPfe“m'”arV =
E 0'8;_—+— ATLAS 7 TeV, 2.1 fb™, 0.25 <1yl < 0.50 _;
— No dependence on |y| B 07E 4 anssenmesmimcon 4,
. S 0.6F  CDF (pp)1.96 TeV, 39.7 pb™, Iyl < 0.60 —= 3
* 3 |y| bins 0-0.75-1.50-2.0. S eb 4 E
=z ~E ‘P—+— -
. . 0.4E 0 E
— Similar behaviour between “E o E
. L 0.3 PO E
7/13 TeV; some variation 0.oF E
wrt. lower energies. 0.1F =
0.05————— - ]
5 6 7 8910 20 30 40 50 60

p.(ww) [GeV]


http://cdsweb.cern.ch/record/2037967

ATLAS

EXPERIMENT

Test [PS]

P(2S) and X(3872) in J/Ynum mode
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ATLAS-CONF-2016-028

* X(3872) narrow & close to DD threshold

e Decays to py and wy with comparable rate, violating isospin symmetry.

e Tetra quark? Molecule? Mixed state

2.5 w

- ATLAS Preliminary
- 1s=8 TeV, 11.4fb"

- Non-Prompt

]

0.5/

0:‘

]Fr‘%':—%

+-y(2S)
+X(3872)

—

10 20 30

40 50 6070
P, [GeV]

Br(B — X(3872))Br(X(3872) —» J/yn*n™)

J/imr (10<pT<70 GeV) studied using 11.4fb-1 of 8TeV data

Measure in 5 pT bins.
No spin alignment assumed, but extremes used to set systematic

In each pT bin, fit in 4 intervals of t(J/Pmun) to separate the prompt/non-prompt

1)(2S) consistent with a single lifetime
component

X(3872) requires a second short lifetime
component (from decay of B)

Form ratio of X to Y(2S) product BRs

2L _
Ry =

Br(B = ¢ (25))Br(y(2S) — J/yntn™)

= (3.57 £ 0.33(stat) £ 0.11(sys))%.
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Non-Prompt w(2S) Fraction

fra Cti ons ATLAS-CONF-2016-028
1—r T — C 0.6_| T
. ATLAS Preliminary 2 - ATLAS Preliminary .
0.l 's=8TeV, 1141 - g 0.5F\s=8TeV, 11.4 1" -
8 - " ]
. — ] N 04 3
N~ C
o I e : SRS SR T
0'4.# E g gof ++ £
- ] o u ]
0.2- —¢— ATLAS, |ly| <0.75,8 TeV, 11.4 fb™ — . o1F —— ATLAS, |y| < 0.75,8 TeV, 11.4fb' -
L % CMS,|y|<12,7TeV, 49" ] é ; —#— CMS, |y|<12,7TeV, 480"
s ! 27TV 49T o | 1RTTNABRT
O1o 20 30 40 50 6070 10 20 30 40 50 6070
p, [GeV] p, [GeV]
_ . o CMS: JHEP 04 (2013) 154
* Reasonable agreement with CMS (different rapidity & com energy)
[ ]

Relative production also measured

o 0.25¢ — : o O —_—
b= - ATLAS Preliminary 1 o - ATLAS Preliminary ¢ X(3872),,: ¥(2S) ,— sum of Fits |
o 0.2;Y3=8 TeV, 11.4 fb" + X(3872)p / ‘l’(zs)p B C 0.08ys=8TeV, 11.4 fo ¥ X(3872) 1 y(2S) ... Template Fit
E E . 0.06:— B X(3872)% 1 y(25), ---- P Fit _:
0150 - Long-lived \U‘ ! 1
o1 —4—1 l . 0.02 + + H ]
E E S h O rt- | ive d ﬁv 4--- ,',-,-, ,-,-,-,-,-,-,:-,-,- -,-,-,-,-,-,-.::::,‘+:::::::::::::: .................................. _E
0-05f+ Prompt - : + ]
r 1 —0.02 -

0 | L L L L L ! | f L L L L L
10 20 30 40 50 6070 10 20 30 40 50 6070
p, [GeV] p, [GeV]
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* Differential cross sections (times BRs) measured
* NLO+NRQCD gives reasonable agreement for prompt

* FONLL matches non-prompt well

= g —_— s 1 | T3
> E 3 ) E A 3
S f ATLAS Preliminary - 2 ok ATLAS Preliminary -
g 10~ 1s=8 TeV, 11.4fo™ 3 2 - \s=8TeV, 11.4f0" 3
3 02k % Prompty(2S) ST A X Non-prompt y(28) ]
o E 3 E 3
° g 2 3 F N\ 3
107 % E ‘33 10°¢ —XV E
R F E + E E
& 10“E 4+ Data i = 10*E 4 Data \ E
5 F . ] 2 F N ]
= 10°F Enwo nraco = 5 1) [lFonuL 5
2 E ZNNLO* CSM - 7
Q 10—6 | L L L L L (:\lb\ 10*6 | L L L L L L
=S 10 20 30 40 50 6070 = 10 20 30 40 50 6070
@ v(2S) p, [GeV] @ y(2S) p_[GeV]
8 2'5:' ] o 2'5;' ]
= 2§\Z|NLO NRQCD 1 Data E B ZE.FONLL | Data 3
g F &) NNLo* csm = = - ]
5 1.5F = S {5- 1
2 E ] <) E
- 1E } . = s
0.5%/ 3 -
0" /////// D m e -05.

20 30 40 50 68 7\9 10 20 30 40 50 6070
y(2S) p, [GeV] ¥(2S) p, [GeV]
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ATLAS-CONF-2016-028

* Differential cross sections (times BRs) measured
* NLO+NRQCD gives reasonable agreement for prompt
* FONLL overshoots data

X(3872) modelled as mixture of x.1(2P) and D%anti-D® molecular state

% 1072 I | ] % 1072 = | ' | -
O] g ATLAS Preliminary 3 0) e ATLAS Preliminary 3
= C 1s=8 TeV, 11.4fb" 1 < T Sy (s=8TeV, 11.41b7 3
3 10°%F = 3 10°%F — _ =
gﬁ : Prompt X(3872) | g- : %Nq—n-mompt X(3872)E
5 i i 3 i = — 1
<\L_o\ 1 0—4 = E C\i'i 1 0_4 E :% %: 3
R B ] r g P 3
® C ] ' C — % ]
= 45 _ S 45 -4+ Data == _|
+:i. 1 0 ; + Data E +§: 1 O E _+_ %E
¢ F . NLO NRQCD . s - BB FONLL rescaled to X(3872) ~
i 10°E E E 10°°E % Branching fraction uncertainty -
C'\\l = ‘ ) ) ) ) 3 C'\\J E, ) ) ‘ ‘ )
§ 10 20 30 40 50 6070 § 10 20 30 40 50 60 70
= X(3872) p_[GeV] = X(3872) p_ [GeV]
o] 2.5 = S 25 F E
= E B NLO NRQCD | Data K 20k EEFONLL | Data E
= g = E % Branching fraction uncertainty
S 1.5f S 15f _
2 F 2 F
[= 8 10 == —
0.5 5E
0 :I ] 0 :’ 7
10 20 30 40 50 6070 10 20 30 40 50 6070

X(3872) p_ [GeV] X(3872) p, [GeV]
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Search for Xp PrOdUCUOPQL B740 (2015) 199

Look for analogous hidden beauty states in Y(1S)ntrt decays
16.2fb! of 8TeV data

8 bins of y, pT and angle between dipion and lab fame momentum of parent in
parent COM frame

Calibrate with Y(2S), validate with Y(3S)
No evidence for narrow states between 10.05-10.31 GeV and 10.40-11.00 GeV

Upper Limit on R
3

95% CLy

—_
<
\o]

IIII|

ATLAS
Is=8TeV, 16.2 fb™

I T T T | T T T | T T T
—— Observed

----- Median Expected
[] +16 Band
[ ]+20 Band

1

IIIII

| 1 | | I | | 1 | | I
10000 10200 10400

| I | 1 1 | 1 1 1 | | | 1 I
10600 10800 11000 11200

Parent Mass [MeV]

e R=(0.B)/(0.B)vps)
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Open Heavy Flavour
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PRL 115 (2015) 262001
arXiv:1507.08925

* Integrated fragmentation function important for studies like Bs=2>up

* Obtained as a function of n and pr from Bs=2J/{d & Bg=2>J/PpK*

fs BB > J[y9)
Jfa B(BY — JYK*0)

BB = Jlpg)
BB — JIYK0)

= 0.199 + 0.004(stat) + 0.010(sys). C-f. §3+003 (4, 4001 e 4001 y4001

Z0.02(@B) 00 Zo.02(@i)Zg 0o (me)

L~ 0,240 +0.004(sta) £ 0.013(sys) £ 0.017(th).  Pert QCD Liu, Wang & Xie PRD8Y (2014) 094010

fa http://arxiv.org/abs/1309.0313v2
k@ 0'35 T — T LA I B L T T T [ T T T T [ T T T T
R - ATLA = ATLAS ) — f/f  HFAG —
~ B 13 ‘ o LHCb (hadronic decays) | ATLAS A average
r 247fb" Vs=7TeV v CDF 1
03 B H + s LEP (HFAG average) | | 'g I;A7STeV _mmm&,_ _
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* Differential and fiducial cross-sections of:

D**, D* and Ds* mesons measure

D*t Doﬂgt
D - K—xt

DT - K gtrn™

DE - ¢r™
6 — KTK~

625

Vv,

500 —

375

Combinations / 0.01 GeV

250

125

I
-0,
Fo-

R e e e A
I ATLAS \s=7TeV,1.04nb"
L e Data, 3.5 <p (KKr) <20 GeV, (KKn)l <2.1
:+ —— Fit: N(D%) =313 = 60 (stat)

dat7 Te

N[TTT I rrrrprrrT

0
1

2.3
m(KKx) [GeV]

1

1

Combinations / 0.5 MeV

— Fiducial region: 3.5 < pt(D) < 100 GeV, |n(D)]| < 2.1.

— Extrapolated to full phase space (for D** and D?)
- Compared to FONLL, GM-VFNS and NLO-MC (MC@NLO and HERWIG)

n
o
S
[s]

500 —

000

500

Lancaster

Nucl. Phys. B907 (2016) 717
arXiv:1512.02913

- ATLAS {s=7TeV,1.04nb" *4 ]
Data, 3.5 < p,(Knn)) < 20 GeV, (K )l < 2.1D -
o 0
o, A

L ek

e Right-charge combinations

Wrong-charge combinations |
—— Fit: N(D**) = 2140 = 120 (stat) |

N R R S B
150 155 160 165 170
m(Kam) - m(Kn) [MeV]

O_ViS(D*i) O_ViS(Di) O_ViS(D:i)

Range low-pt high-pr low-pr | high-pr | low-pr high-pr
__[units] [11b] [nb] (Wbl | bl | [wbl | bl __
| ATLAS | 33136 | 988+ 100 | 328 + 34 160437 | 512+ 104 |
 GM.VENS 3407120 | 10007120 | 3507130 | 9807120 | 14773 | 470°%

FONLL 202+125 | 753*18 | 1747190 1 617+103 - -

POWHEG+PYTHIA | 158172 | 600%%0 | 134*!138 | 480%330 | 627§} | 225*11%
POWHEG+HERWIG | 137*!37 | 690%3%0 | 121*12% | 580*3% | 51+32 | 268+!%7
MC@NLO 1574123 | 9807350 | 1407112 | 810730 | 58+ | 345+11



http://arxiv.org/pdf/1512.02913v1.pdf
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D** and D* differential cross-sections.

Shapes of data well reproduced by
FONLL and POWHEG;

— MC@NLO predicts harder pT spectra.

— Overall normalisations sit below data.

GM-VENS in good agreement in
shape and normalisation.

do/dn differential cross-section
shows similar trends for data
and MC:

— Some discrepancy in shape for
MC@NLO for high-pT (20-100 GeV)
data.

3.5% luminosity uncertainty not
included in figures.

Lancaster&
Umversrty =

ATLAS Vs- 7TeV 280 b
®  Data, In(D*)l<2.1
m— FONLL
...... GM-VFNS
............ POWHEG+PYTHIA
—— — POWHEG+HERWIG
P MC@NLO

do/de(D**) [ub/GeV]

Theory/Data

10
p (D7) [GeV]

— , ,
ATLAS Vs=7TeV,280nb"
[ J Data, In(D*)I<2.1
B FONLL
GM-VFNS

POWHEG+PYTHIA
—— — POWHEG+HERWIG

T

MC@NLO

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

Theory/Data
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* Extrapolation to full phase space using low-pT dataset.
— Total cross-section from FONLL (with D** and D* data):

s

ATLAS o3t =8.6% 0.3 (stat) £ 0.7 (syst) + 0.3

(lum) + 0.2 (fF)*35 (extr) mb

- -

ALICE ' =8.5+0.5(stat)", (syst) + 0.3 (lum) = 0.2 (/)39 (extr) mb |
JHEP 07 (2012) 191, arXiv:1205.4007 [hep-ex]

* In good agreement with ALICE measurement.
« POWHEG + PYTHIA used in extrapolation of:

— Strangeness suppression factor;

N

Ys/d = S D) 1 7N D) - By = 0.26 = 0.05 (stat) + 0.02 (syst) £ 0.02 (br) = 0.01 (extr)
v?}f“;f = 0.24 £0.02 £ 0.01(br) Eur. Phys. J. C 75 (2015) 19
— Fraction of charmed non-stra nge D mesons in vector state,‘
d ~ O'E%t(D*-'_) )
PV = O'tc%t(D+) n O'tc%t(D*Jf) Bt = 0.56 £ 0.03 (stat) + 0.01 (syst) = 0.01 (br) + 0.02 (extr)

PSP = 0.61 4+ 0.02 4 0.01(br) Eur. Phys. J. C 75 (2015) 19



http://lanl.arxiv.org/abs/1205.4007
http://arxiv.org/abs/1404.3888
http://arxiv.org/abs/1404.3888
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 Run-1 provided a comprehensive suite of quarkonium
measurements at 7/8 TeV in range of decay modes;

— Synergy with other LHC experiments; allows improved
understanding of quarkonia production in hadronic collisions.

e Still some Run-1 results to come,
* Run-2 allows new energy regime to explore, results already
emerging.
* Heavy flavour production measurements largely in agreement
with theory:
— Some shape and normalisation differences.
* Exploring the nature of the X(3872)

e Associated production of quarkonia and di-quarkonium provide
good tests of DPS processes

Expect many interesting results to come.
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PRL: 115.262001
e Ratio of b-quark fragmentation fractions: fs/f4

* Necessary input to rare decays / searches =>

— Improvement in constraints / sensitivity.

e ATLAS measurement with 7 TeV data, 2.47 fb!,

through decays of:
By = J/Y¢ yng BY — J /K™

0 0 Observable Value o
f, N BB, — JIYK™) B(K? - K*n7) Ny 6640 + 100 + 220 3.3%
- = 0 Ty efls Ny 36290 + 320 + 650  1.8%
Ja NB?z B(Bs = J[y¢) Bld— K*K™) Reft 0.799 = 0.001 £ 0.010  1.3%
R B — K*K") 0.489 + 0.005 1.0%
. efl js MIC derived ratio of BK*® = K*r™)  0.66503 +0.00014  0.02%
Total 4.1%

Acceptance and Efficiency
corrections.



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.262001

ATLAS
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* From experiment:

fs BB - J/yg)
Ja B(BY — J/yK*0)

fs/fq. results

= 0.199 + 0.004(stat) + 0.008(sys).

 Recent theory result of ratio of BF:

LLancaster E

University ©
L L R IR
— ATLAS [ ] f/f,HFAG average = —
ATLAS
— E _ 7 TeV 75353:3‘::‘5;:3.53:33}3!32&*:_ —

LHCb (hadronic decays)

| Vs=7TeV

LHCb average

;‘W

Phys. Rev. D 89 (2014) 094010 and update in: ] fD:”eV |
arXiv:1309.0313v2  V5=1.96Tev e
| LEP (HFAG average) ! ]
. . 0 ‘ Eﬁﬁ?“\““\“ N N
— Perturbative QCD gives 7.1% 01 015 02 025 03 03
. . f/f
theory uncertainty on BF ratio: ‘
t035|““\““ L L L I
B(B? — J/w¢) +0.03 +0.01 +0.01 +0.01 [ ATLAS . ﬁalépt‘)sihadronic decays) :
= - 247107 (s=7Te v -
B(Bg, — J/wK*O) 083 002( B) OOO(fM)_O OZ(aZ) OOZ(mC) 0_3; e e A EEDFI’:(HFAG average)  _|
: ﬂ' (" ]
: : ! | :
* Resulting ratio: 0.951 meﬁﬁ + N
=2 = 0.240 + 0.004(stat) + 0.010(sys) + 0.017(th). i | % i
d 0.2\~ -
 No pror |y| dependence within ! ]
the measured kinematic range. L N

P, (GeV)
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 Dependencies on |n| and pr.

"G T I T 1T 17T I T 1T 17T T 1T 17T T 1T 17T L T 1T 17T T 1T 17T T 1T 17T I
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e ————TT B ]
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— Fit f/f ,=0.239 = 0.007
i — ATLAS measurement |
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E 350 _I T I L I L I T 1T I L I L I L I T 17T I L I L I I_
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D** and D* Differential Cross-sections in n
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Systematics

 Charm production

* Systematic uncertainties in visible region.

Source O.viS(D*J_r) O'Uis(Di) O'UiS(D:i)
low- J 20 hlgh— PT low- pPT hlgh— PT low- PT hi gh— pPT
Trigger - % - % : %
Tracking +7.8% | £7.4% | £7.7% | £7.4% | £7.6% | +7.4%
D™ selection f%g% fﬂ% fi:g% fg'g% ff'g% J_r(l):é%
Signal fit +1.3% | £0.9% | £1.3% | +£1.5% | £6.4% | +5.3%
Modelling | *10% | 1% | 3% | %% | % | 2%
MC statistics +0.6% | £0.9% | £0.8% | +0.8% | £2.9% | +3.1%
Luminosity +35% | £3.5% | £3.5% | £3.5% | £3.5% | +£3.5%
Branching fraction | £1.5% | +1.5% | £2.1% | £2.1% | £5.9% | +5.9%
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* POWHEG+PYTHIA:
3.5 < pr(D) < 20 GeV 20 < pr(D) < 100 GeV

oVS(D™*) = 158+ (scale)’|? (mg) T13 (PDF @ )" [¢ (hadr)ub,  oVis(D**) = 600729 (scale)*)? (m)*2 (PDF @ a)* 126 (hadr) nb,

oVS(D*) = 134718 (scale)*12 (mg) *12 (PDF @ a,)*2) (hadr)pub,  o(D*) = 4807305 (scale) 1§ (mp)*3) (PDF @ a,)*'3] (hadr) b,
(D) = 6278 (scale) + 6 (mp) + 5 (PDF @ ay)*] (hadrypb,  0"™(DF) = 22513 (scale) 7§ (m) 13 (PDF @ ;) T35 (hadr)nb.

* FONLL:

3.5 < pr(D) < 20 GeV 20 < p1(D) < 100 GeV
oVS(D**) = 2027119 (scale) T3S (mg) £ 21 (PDF) + 5(ff)ub,  o"™(D*™*) = 75318 (scale) 7§ (mp) + 41 (PDF) + 17 (ff) ub,

oVis(D¥) =174 +99 (scale)+ 3 (mg) £ 18 (PDF) + 7(fH)ub,  o¥5(D*) =617 2 (scale)’3] (mg) + 33 (PDF) + 23 (f/) ub..

* scale uncertainty: x0.5 — x2.0 variation
* mq: Variation in b and c quark masses

* PDF uncertainty from CTEQ6.6 PDF error eigenvectors

* Fragmentation fraction uncertainty from LEP data

* hadr: quadrature sum of fragmentation fraction and function uncertainties (from
Peterson fragmentation function).
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