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Outline and motivations

Direct open HF production: .
Beauty A. Precise tests of pQCD

Charm

B. Tuning and validation of MC
generators for LHC

C. Measure quark fragmentation J

. . . 2 e |A. Crucial test of state-of-the-art
V boson in association with open HF: ML OOD e MG

Charm Beauty modeling

B. s-quark see PDF sensitivity

hg. BG for H—=bb and BSM DrocessesJ

Direct and in association withV boson production of hidden flavor: David Bertsche, Roger Jones
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Open beauty production
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BT )/YK™ exclusive decay at |3 TeV

ATLAS-CONF-2015-064

Initial performance study using full (3.2 fb—1) 2015 pp dataset at 13 TeV.
Preparation for further detailed b-hadron measurements!

B - JwK*

|
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230000 —ATLAS Preliminary a@pr(u) > 4GeV and pr(K) >3GeV
o - {s=13 TeV, L=3.2 fb"

® Data 2015

- Mis-reconstructed background

@Systematic uncertainty (0.25 MeV)
dominated by fit model:

5250002_ it mode @Three-track vertex wtu—K= (y2/
Ezoooo:_ B s d.of < 3)
Y !  \ e Background model )
15000 - By @Unbinned fits to m(J/pK=*)
g """"""" Combinatorial background dlstrlbutlon

llllllllllllllllllllllllllll

.........................
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m(J/wK*) [MeV] ® BG: hyperbolic tangent function + linear function

o

® Signal: sum of two Gaussians with common mean
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BT = J/WK* mass at 13 TeV

2015 dataset at 13 TeV used to reconstruct mass in 16 rapidity intervals.
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Testing the momentum calibration of Inner Detector tracking,

prerequisite for Run-2 analyses

m(B?) = 5279.31+ 0.11(stat.) MeV

’_l L I T L T 1 ] T L} L L] ' L L L L I T L L T ] T l_
- ATLAS Preliminary ]
—Vs=13 TeV, L=3.2 fb™ -
- e Data2015 E
E Weighted mean m(B~) E
— S - 4+ —
= ++ T+ _+_—+——

1 l 1 ' A ' l ' A A A l L A A I l L L ' 1

llllllll

—

-2 -1 0 1

N

y(JyK?)

Values in different rapidity bins show
uniformity of reconstruction over the
entire detector

Main systematics from signal model and
background parametrization

Measured mass in good agreement with
world average and LHCD results

Fit B* mass [MeV] Fit error [MeV]
Default Fit 5279.31 0.11 (stat.)

Ly > 0.2 mm 5279.34 0.09 (stat.)

World Average fit 5279.29 0.15

LHCb 5279.38 0.11 (stat.) £ 0.33 (syst.)
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BT —)/WK™ diff. x-sec. at 7 TeV

JHEP 10 (2013) 042
= 10— ' """Igg L ]Dtl T B+ I K d1/
b 0 = gL —e— Data ] ® — + — WU-
% 1;_ == ATLAS 4 3 i ATLAS —— POWHEG+Pythia - . w .an w M M
= :'-JF_L_D_ S | \s=7 TeV oo MC@NLO+Herwig 1 branching ratio=
— O 14 " [Ldt=2.4 b e .
g1’ . | B 4 o ] 6.03+0.21x10—5
X g2k \s=7 Tev 1 & o .
£ 10 \_i_ A:_AS patb! <225 -3 ® The predictions are normalized
%10_3? —5— CMS, 5.8 pb’, ly|<2.4 3 to f(b—B") =40.1 £ 1.3%
© 10-4;_ -------- FONLL, |y|<2.25 _._ [PDG]
10°E X
6: ° 0551 = | I | | % *1]87 IATLAS | | % P(I)WII-IE(I3+;3yIthi|a
106 L2 1 e O] \s=7 TeV, 2.4 fb’ 7
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p, [GeV] vl g o
'g-,_103 —-— el
. . B 10%E, - R
FONLL provides reasonable description RO
. . . . @ 1 s ey R ‘ -
although with large theoretical uncertainties L .
. . NB/ 10°3F Data 20161 mm =
Central predictions are somewhat harder © N
L
10 20 30 40 50 100
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b fragmentation fraction fg /fq at 7 TeV from B9%/B

Production rate of BsO (BdV) hadrons depends on the fragmentation fraction fs (fd ).

Important for many studies such as Bod(s)*uu. [Phys. Rev. Lett.
115, 262001 (2015)]

BOg — J/AP(K*K~) and BOg — J/ll)K*O used to determine fs/fd

T T T T T T T T T

3 1600 E 3 6000 T T T T TS
o " e Data ATLAS ] O - e Data ATLAS .
S 1400 Fit i R o ol Fit ) 1 I
° === B:)—> Jyo signal 2.47 fo" ] e S000 .. Bi— J/yK" signal 2471 1
o 1200 Residual bkg ppis=7TeV — P - Residual bkg. : ppis=7TeV -
I= - Peaking bk ’ . S 4000 mmm Partially rec. decays Jr .
2 1000 eaxing bg. — kT - Peaking bkg. ]
L L ] L i
800 0 = 3ooo:— . ) f -
- BY%<— ]/ ] C — * ! ]
600F S Yo = 2000 B%d = JpK : =
400 - e .
o . 1000 -
200 = - -

- N U | R T .‘“.~ 05‘51-11":512 PR— |513 PR ~.'544-’.. R _.5 5
87 52 5.3 5.4 5.5 5.6 - : : : :
J/WK'K candidate mass (GeV) JwK's candidate mass (GeV)

Ny = 6640 + 100 B — J/ui¢ Npgo = 36290 + 320 By — J/uK™

Signal yields from unbinned maximum likelihood fit to invariant-mass spectra
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Strangeness suppression in b fragmentation

The ratio is extracted from the measured signal yields, converted into B meson yields:

fo Npo B(82 — J/QbK*O) B(K*0 — KTn™)
fa  Ngo B(BY— J[pg) B(o— KTK)

Ret

\ Correction for acceptance and selection
efficiency ratios in the two modes

fi BB = J/ud)
fa B(BY, — J/UWK*0)

= 0.199 £ 0.004(stat) = 0.008(sys)

Final measurement uses perturbative
q 0
B(B; — J/ug) +001, 4 \+0.01, 001

= 0.83 5003 (wp) oo )o@ aoam:)  QCD calculation of branching fractions
ratio: Phys. Rev. D 89 (2014) 094010,

arXiv:1309.0313

B(Bg — JJWK*0)

Final measurement: fs/fd = 0.240 + 0.004(stat) = 0.010(sys) £ 0.017(th)

Extracted strangeness suppression factor in charm fragmentation
0.26 +0.05(star) = 0.02(syst) = 0.02(br) = 0.0 (extr) - ucl-Phys. BIOT (2016) 717
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fs If4 prand N dependence 7 TeV
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No sizeable pT and 1 dependence
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Comparison of fg /fd with other experiments

Results compared to previous experimental results (historical tension between LEP/CDF)

Good agreement with recent LHCD results, significantly improving the world average
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HF +V production
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-LO process: q—=Wc; gq=d, s, b
c ¢ dquark = 10%

s

d
| :
v:uear:.f(e qr:k ® s quark dominates
LO in s and ® Directly sensitive to s-quark PDF at x~0.01

not Cabibbo Suppressed - W charge to tag c-flavor.

—Experimental measurements :

® Some fixed target exp. (eg NuTeV) favour s-quark sea suppression w.r.t. d-quark sea
® ATLAS W/Z measurements favour SU(3) flavour symmetric sea (JHEP 05 (2014) 063)
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Strange see in protons at 7 TeV

T I T L L] l L] T L] I T ] T T T T I T L] L] I | T | T T T I T T T I T T T I T T T I T T T I T T T I L T
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— 835+ 2.9 + 3.6 [pb]] —sf— 01 ATLAS-epWZ12 —0.92 + 0.05 = 0.01 " 01 ATLAS-epWZ12
~ d < Stat +te— A NNPDF2.3coll Stat e S~Sb%I;JNPDF2 3coll
S ) Stat+syst L ~9c0 I Stat+syst ~5co
1 I 1 1 1 l 1 1 1 I 1 1 1 1 1 L I L 1 L l 1 1 1 I 1 1 L I L 1 L l 1 L 1 I 1 I L ' I L L ' l ' L
20 40 60 80 100 120 140 0.4 0.6 0.8 1 1.2 1.4
o-fOidS-SS [pb] G%S-SS(W*D(')')/O%S-SS(W’D(*)+)
|Q 1 -5 T T ] T T T T T 7T
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SEEEEE HERAPDF1S ® Not enough data at 7 TeV to constrain s-sbar asymmetry

L S —— S e R S ® Free fit of strange to down sea
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X

23 Aug 2016 G. Chiodini - QCD@LHC 2016 Zurich - “HF and HF+V production” 13/17



Z+b and Z+bb

Background to many channels (eg. VH—Vbb) and sensitive to QCD
effects (eg. modelling of Parton shower)

qq scattering ~ 17% qg scattering ~3% gg splitting in initial state ~80%
S (VAVAVAVAVIR SEREE q 9 BT —< b
Y
" b z VW Z
/m< A q b Y
= b
gg splitting in final statevugM< b _ I OO —>— y

/ Not presents in W+bb

JHEP 10 (2014) 141

4 Flavors Number Schema ||5 Flavor Number Schema

0 HQ only in final state 0 HQ are partons
Theoretical predictions

0 Sum all power of (m|_|2/Q2) O resums Iog(QzlmHz) but generally provide a good

but only Ist log(Q2/mHZ2) ignores power of (mH2/Q2)| | description of the shape of
\_ ~ ) the data.
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Z+bb diff. x-sec at 7 TeV
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Collinear bb, which is dominated by
parton shower, it is not well described
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Z+b and Z+bb vs Theory

5FNS aMC@NLO preferred for

Zb.

4FNS aMC@NLO underestimates Zb

central rapidities.

T T I T T T I T T l T T T T
[ Ipatays=7TeV, 4.6 o’ (stat.)

[ ] pataVs=7TeV, 4.6 o’ (stat®syst.)

4FNS aMC@NLO preferred for Zbb
but comparison not fare because
5FNS aMC@NLO for Zbb is at LO.

T

T T T T I T T T T T T T
[ Ipatays=7TeV, 4.6 fb" (stat.)
[ ] Datays=7TeV, 4.6 fo (stat®syst.)
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NLO NLO
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| McFMeCTIO ——— | [wermecrio T — 0
| MCFM® NNPDF23 A vm— MCFM® NNPDF2.3 .\ —e——
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| LO muitileg 4 LO multleg | |
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NLO predict correctly x-sec but LO multileg underestimate x-sec

Theory uncertainties dominated by scale prevent Data uncertainties dominated by systematics
due to b-jet tagging efficiency and b-jet

strong constraints on b-quark PDFs in this channel.

template shape
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Conclusions

@ First studies of open beauty with 2015 pp collision data at Vs=13 TeV.
& Measurement of the fragmentation fraction offers tests of PDFs and SM QCD
& Measurements of V + HF:

® \W+c provides important insight on strange quark PDF

® \/+b helps understanding and modelling of HQ production in QCD

Many more exciting HF results from both the Run 1 and Run 2 soon!
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