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ATLAS vector boson + X measurements
e Will cover V+ heavy

Standard Model Production Cross Section Measurements
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flavour (HF) measurements

today:

e W+b

e W+c

° Z+b(b)
e W+]J/wvy

V+HF production is a
crucial test of pQCD

Essential for H—>bb and
BSM searches

V+b/c has unique

sensitivity to heavy quark
density of proton

V+]/\y probes
quarkonium production
mechanism
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>300)—(“1'QB'| """" MMM AR REARS RARES RARES RARES RAR =
) _ S ATLAS .
® Selected inW— lv, Z— 1] 2 ss0r [ioasw
modes: 1= @ 200F- \s=7TeV E
0aes; ¢l - W > et v ]
® General selection: 190F ‘Data |
. . 100F - — Fit -
® High p; lepton triggers F [JEWK+top |
50 W Multijet
° pT’ | n | cuts on lepton 1 1 _Te— ] 1 :
% 10 20 30 40 50 60 70 80 90 100
JHEPO5 (2014) 068 S Ge)
® W:significant missing E and
transverse mass, M.
+
Z ¢ . Phys.Lett.B720 (2013) 32
® Z: dilepton mass close to M,, B T NN
T 1400 J.Ldt=4.6 ! = Signal MC
8. E
® [solated lepton: check track or §1§Z A
. . . L E n°| <2.4 =
cluster act1v1ty in a cone around 80r p;>20GeV 4
the lepton to remove leptons in jets 60r E
401 1
20, ]
AR = \/ A1’]2+A(I)2 070 80 e0 100 110
Mee [GeV]
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Ciducial [PP]

‘Wb

® Constrain pQCD with heavy flavours
* Background to e.g. WH(H—>bb)

® Extract b-jet contribution using template fit to

b—tag Weights

15

10

* Compare with NLO MCFM, NLO+PS
Powheg+Pythia, LO+PS Alpgent+Herwig

® 1-jet bin: data consistent within 1.56 with NLO

predictions

Events / 0.5 Units of CombNN

® 2-jet bin: good agreement of data with theory

i

|
Data 2011,\s =7 TeV

Electron Channel

Combined Electron and Muon
Muon Channel

MCFM 4FNS + 5FNS
Powheg + Pythia

ALPGEN + Herwig (norm. to NNLO inclusive W)

I Ldt=461f0
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b-jet
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Predictions
slightly
underestimate
data at high p;
for 1-jet case

[pb/GeV]

do/dp

Data/MC Data/MC

arXiv:1302.2929,
JHEP 06 (2013) 084
ATLAS W+b ]
\s=7TeV Ewiﬁght B
I Ldt=4.61b" [@@single top ]
muon, NJet = 1 -ﬁ .. -
’ [CJMultijet =
Wz ]
EWW+WZ =

4 5 6 7 8 9 10
CombNN

[ ATLAS 4% Data (1s=7 TeV) |
TE I Ldt=46f" ~+— MCFM E
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W+c

® Production of W in association with a

single charm quark
® LO process: gg—>Wc; q=d, s, b
® d quark = 10%
® s quark dominates
® Directly sensitive to s-quark PDF at
x~0.01
* Experimental measurements mixed:

® Some analyses favour s—quark sea

suppression w.r.t. d—quark sea

e ATLASW/Z measurements favour

SU(3) flavour symmetric sea

" &

arxiv:1402.6263,
JHEP 05 (2014) 068

s/S W /wt

c/c

- 2 o T T — T T TTTT
P Q= 1.9 GeV ATLAS |
epWZ free S NNLO

MSTWO08 NNLO £ ]
1.5 FEZZ] ABKM09 NNLO y 1

0 1 ool L TN TR T T W

10° 102 1 )c()"
Phys.Rev.Lett. 109 (2012) 012001
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/\N"'C measurement overwew
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-1 . \/ - o [ Wejet . WZ+jets
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) L J
: 0] L
® W boson selected via muon or electron decays 3 151

® Charm is tagged using either: i

® D® decays (D >K"™ ', D*">D"1t*); or / o.si
® Semi-leptonic decays inside a jet (soft muons) —

G

10 15 25 30
Soﬂ muon p_ [GeV]

* Charge correlation between W boson and charm quark
® Signal has opposite sign (OS)
® Most backgrounds are charge symmetric (OS and SS)

o OS-SS enables isolation of the W =+ ¢ final state from W + cC, bb

k e Miriam Watson /




® Data consistent with
wide range of

predictions

quark sea at x~0.01

* Favour symmetric light—
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‘Fiducial W+c cross-sections Data A
LA L L B 0 (LN L L L L LI S S B B L
. . ATLAS
® Compare fiducial AS ATLAS
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cross-sections with WS-jet : m CT10 W c-jet m CTH0
Hl— A MSTW2008 A MSTW2008
aMC(@NLO plus
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Ratio of strange-to-down in sea and s quark asym metry

* Ratio of strange to down sea quarksis & - amas ety
regulated in HERA PDF by a single HERAPDF1.S + ATLAS Weet O™ data
parameter (eigenvector f,)

/

0.5 (s+

[ ATLAS-epWZ12
fE====E HERAPDF15

Is

® Free fit of strange to down sea
content of proton in ATLAS data
(within this model)

re=05(s+%)/d=f./(1— f.) = 0.967030

Default: s-quark ge”(éw "
and: this
* Results compatible with the ATLAS- suppressed e
, cf. d-quark y
epWZPDF (includes W/Z data)
® Consistent with SU(3) flavour amas
. T aMC@NLO
symmetry in the proton oo | I e
G(\N + C) _ (/{ ok A MSTW2008
O'(W o+ C) S>S " ¥ NNPDF2.3
* Charge asymmetry is consistent with e
symmetric S =S and with PQF sets -ggwyst H A NNPDF2.3coll

with a small asymmetry, S§>§ e O B Ty m— 0;!“5.;5('\,\,;[‘,;2-' gl

K ) ) ;U%S-SS(W'D{*y




arXiv:1407.3643,
submitted to JHEP

/Z + b(b)

Production of Z in association with b jets

Test difterent approaches to heavy quark
modelling:

e 4 flavour vs. 5-flavour number scheme
(nFNS)

use of b—quark Vs. gluon+light initial partons
® Use of b quark mass in calculations

® Comparison of LO and NLO predictions

Important background for Higgs and BSM
searches

4 .6 tb lof data collected in 2011 at \/s =7
TeV

Template fits to b-jet tagging distributions
Main backgrounds from Z+c-jets, light-jets
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7 + b(b) cross-sections

* MCFM agrees with data
e NLO, 5FNS

® Corrected to particle level
e PDF scts: MSTW2008,CT10,NNPDF2.3

° aMC@NLO + HERWIG++ (MSTW2008)

® Particle level

1)  NLO Z+b in 5FNS

2)  NLO Z+bb in 4ENS

® For Z+21 b-jet:
Main difference is 4FNS vs. 5ENS (both NLO)
4FNS underestimates data

® For Z+22 b-jets:
5FNSisa LO approximation, 4FNS is NLO

Dominant Z + bb diagrams do not involve initial
state b-quarks, so FNS is less relevant

* Alpgen (4FNS), Sherpa (5FNYS)

® LO multi-leg

® Underestimate the data

® Theory uncertainties not included @

-

Data \sl =7 TeV, 4.6 Ilt:" (stat.) I I
Datays =7 TeV, 4.6 fb" (stat @syst.)
NLO
| MCFM® MSTW2008  e—A—o— ]
| MCcFM®CTIO . — s
| MCFM® NNPDF23 T i I S—
| aMC@NLO 4FNS ® MSTW2008 v
| aMC@NLO 5FNS ® MSTW2008 ~ ——b—nu |
| LOmultleg ]
[ sHerpaecTIO A ]
| ALPGEN+HJ® CTEQ6LT Y S
ATLAS
Z+2>1 b-jet
e by by e ey L L o
0 1 2 3 4 5 6
o(Zb) [pb]
L I L R B I R B B A | I
Datays =7 TeV, 4.6 fb” (stat.)
Datays =7 TeV, 4.6 fb” (stat.®syst.)
NLO
| MCFM® MsTW2008 ~ ——0—— | ]
| McFM®CTIO —_—— |
| MCFM® NNPDF23 —_—f—e |
| aMC@NLO 4FNS ® MSTW2008  ——e—s —t
| aMC@NLO 5FNS @ MSTW2008 ~ —p— | ]
| Lomuitieg
| SHERPA®CTI0 . -]
| ALPGEN+HJ®CTEQSLY Y
ATLAS
Z+>2 b-jet
oo b by by by ey R
0 0.1 0.2 0.3 0.4 0.5 0.6

o(Zbb) [pb]
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Z + b(b) differential cross-sections

e Unfolded differential distributions measured in 12 kinematic variables

* do(Z+21 b-jet) / d|y(2)|
® Alternative PDF sets show similar trends

e Differences small c.f. scale uncertainties

45
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o do(Z+22 b-jets) / dAR(b,b)

® Reasonable description within
uncertainties

* Some disagreement at small AR(b,b)
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arxiv:1401.2831,

/
W+prompt J/\|I measurement JHEP 04 (2014) 172

® Search for associated production of T O attas~slirov[la-ash
W(—pV) and prompt |/ (=P HU7) 2 5 . :
. . I . :
® Probes quarkonium production 5 4 . . E
mechanism s 3 o -
® Colour singlet (CS) mechanism cannot % 28 e '.:'..' -
describe all measurements 2 1?:' R \E‘ . ]
® Colour octet (CO): initial coloured state g of:&.-'...':; e s, o .
decays into a singlet quarkonium bound £ ) E
state : o ) :
_ » _2-,|...|:,.|.,.[J..l’,-
colour-singlet state‘ cod 26 28 3 32 3.4
K uwu Invariant Mass [GeV]
A= DPS: two
.~ Independent
e Use4.6fb!at7TeV (2011) \/o pairs of partons
* Sensitive to multiple parton interactions P )fj yield a W and a
® Include double parton scattering (DPS) in . = Jhy (single pp)

K signal, and estimate contribution @ S MiriamWatson/




Prompt J/y fitsand W verlflcatlon

T fArias s=7Tev [Lat=a5f" | 1810, PRI TN MM
* Unbinned maximum % o bl 1y + b
likelihood fit to |/ ; 40‘,-,:::w:ﬁzj‘it"p'::;;:’;zi;‘;m::fm 18 %::,,:'ﬂ;“,;m w
mass and pseudo_ L% 302— gLﬁ 105_ 2§ -1+ W + non-prompt combinatorics|
proper time —> i
extract prompt 20; 1 _
Signal 10f
e Fit Weighted m(W) Qb= TPty

ILI"I- as 1||i1:‘ ERA gyl —1||\|‘.:.\7J||-::i||\\\|\:./IIII\\I””’\/’0I\\
26 28 3 32 34 W40 1 2 3 4 5 6

distribution fOl‘ w Invariant Mass [GeV] J/y Pseudo-proper Time [ps]

prompt candidates: 3wl
W signal and multi- 3 zz e ““’"”‘es's_:gt;ﬁ;ommmma5 Observe ~29 W+prompt
jet background | “Mew 1 ]/ events
o Jetbkd. 0.1+4.6 £ |
events = 5f 1 Background-only
oot .+ .1 hypothesis rejected at
050 100 150 200 5 30 level

W Transverse Mass [GeV]
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/SPS and DPS contributions

® Measure (W™ + ]/ ) production cross-section relative

. . + .
to inclusive W= cross-section

e Estimate DPS contribution from:

e do(W+]/y) =do(W) Q do(]/\) / ceff

Measured in this analysis

|

From ATLAS pro
arXiv:1104.3038

mpt ]/

[ ATLAS\s=7 Tev,jL ot = 4.5 b

r - W+ prompt J/y data
15 Estimated DPS contribution
i [EZ1DPS uncertainty

Events /0.5

T

10

A

20|\ll[||!||l1l|‘ll\r}rr1\ T T

. pp— prompt J/y + W : pp—> W
gl ATLAS,\s=7TeV, IL dt=45fb"

—4— Data

W3 Spin-alignment uncertainty
Estimated DPS contribution
<2 DPS uncertainty

From ATLAS W+2jets
arXiv:1301.6872

* DPS
~—

L I
0 0.5 1 1.5 2 2.5
AW, J/y)

3

® Note: this is a phenomenological approximation
P 8 PP

estimate ~40%

 Expect peak towards AQ = T for SPS contribution

J/y Transverse Momentum [GeV]
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Prompt J/yw+W compared to theory

-6 . .
S 3x10 ® Summary of fiducial, corrected
Z - rompt J/y + W : W i .
§ s 22;‘,’13}9\,‘,"[: N E and DPS-subtracted cross-section
%6/ 0<|)¢f‘w]~:2‘1,8.54:pT oy <30GeV ] ratios
© - =#Data i
< A Spin-alignment un in — .
2 25 520008 moludng 1 eeddonn ] @ Colour singlet model (CS): LO,
o) B Il NLO CO prediction 7 ]
X 4sf \ 1 includes feed-down tfrom y(2S)
z 15
j- - -
; I3 \ and [
S ® Colour octet model (CO) : NLO
m -
o0 , N - )
0.5+ { 7 @ Rate appears to be dominated by
of i CS contributions (but could have
Fiducial Inclusive DPS-subtracted

large corrections to CO, or

CS: arXiv:1303.5327 moditied DPS formalism)

CO:arXiv:1012.3798 ° BOth Compatible Wlth

measurement at 20
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g Full details of ATLAS heavy flavour results at
S umma ry https:/ /twiki.cern.ch/twiki/bin/view/AtlasPublic

® Measurements of vector bosons + heavy flavour allow QCD
predictions to be probed in new regions of phase space and at

higher energies than before

e V + b/c measurements:
® Probe the PDF of the proton

° Challenge predictions in differential distributions

® V + quarkonia
® First observation of associated W+ prompt J/y
® Confront data with models (e.g. colour-singlet, -octet) in new regime

® Future measurements will provide important input to understanding

multiple parton scattering

k @ Miriam Watson /
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/Cross-section ratio +/-

)

 ATLAS 1 o
[ua-so
W + _|_ E Wc_Jet mCT10
IQi — A MSTW2008
C — ¥, v NNPDF2.3
W + C Data O HERAPDF1.5
® Ratio W'/ W is smaller than 1 due 0900032002 0 ATLAS-epWZ12
tat
. . A NNPDF2.3coll
to valence down contribution W Siatisyst T
o . . 0.4 0.6 0.8 2 14
® Deviation of predlcted value mlght (W'S-jet)/oQs SS(W c-jet)
be due to strance sea asymmetrv S:S |.aras = T
g y y
Ldt=4.6f" MCGNLO
e Take CT10 prediction (no \s =7 TeV
. S wD™ [ | m CT10
asymmetry)— estimate of sensitivity ~ B o MSTW2008
S>S m v NNPDF2.3
Az = (2 + 3)% Data q O HERAPDF1.5
—0.92 +0.05 +0.01 ] O ATLAS-epWZ'IQ
Stat
e W+c analysis is dominated by B Statesyst . T | ?NNPDF2]'3°°"
. . . . 0.4 0.6 0.8 1 1.2 1.4
statistical uncertainties: 2012 data GOSSS(W'D)/c0S SSW D)
will help
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