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Plans for the seminar
2)  Other related analyses, but:

1) My own (recent) ATLAS

measurements: Review of CHARM 2013 Conference
Birmingham HEP Seminar
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“F Os (d &2 Measurement of the production cross

5 |- 0QQ 000 section of prompt J/Y mesons in e 1106
3 i Q‘ association with a W= boson in pp
§ I collisions at /s=7 TeV with the ATLAS
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4 3) Other ATLAS physics, but: h

SEARCH FOR THE Gra 'iton

MAGNETIC MONOPOLE

searches using the ATLAS detector

PROBING THE HIGGS

Sea_rches f_or long-lived, massive PROPERTIES AT ATLAS
particles with the ATLAS detector

AT ATLAS

Peaky blinders: searches for tt resonances

—>Updated plan for the seminar

® An assortment of recent ATLAS heavy flavour results
® Some overlap with previous seminars

* Not everyone will have heard those / been awake / remember

anything. ..
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c-jet tagging in ATLAS

° Particularly important for Standard

Model processes, e.g. top, Higgs,

ﬂavour-tagged analyses

® Also for heavy flavour cross-sections

and related measurements

I will cover one of those today

Majority of ATLAS heavy flavour

results involve quarkonium (J/y, Y)

® [Use muon decays

® Easy for reconstruction and triggering

* Many methods developed for b-jet and

Events/10 Melf/e?
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Heavy flavour physics in ATLAS
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/The ATLAS detector for b,c physics

r R = 1082 mm
— ® Precise tracking
TRT< . chambers and trigger
Transition
3 __ radiation tracker chambers
. RR;;Tmn:nm Particle ID, 2 7
| ° Im<2.
- { R =443 mm pattern
R=371mm recognition e Toroidal B—ﬁﬁld, ~0.5T
LR =299 mm
Silicon strips Tin-gop chambers (166) |
Momen ta ; Cathode strip chambers (CSC)
R=122.5mm v .
Pixels {2 - ggg mm Silicon plxels
S—— Secondary vertices )

e Covers [N<2.5
® Solenoidal B-field, 2T

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)
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Calorimeters

Tile barrel Tile extended barrel

—_— K“—* = 9 ® Electromagnetic
LAr hcdro(nic : ' i | {m and hadronic
end-cap (HEC st WZ 77 7 d Wil e .
77775 g —- Y calorimeters
LAr eleciromagnetic ; WG "
end-cap (EMEC) \ : ® COVGI'S |T]|<49

® For jets, electrons,
photons and

missing E;
LAr electromagnetic

barrel
LAr forward (FCal)
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Performance

® Most analyses presented today use
2011 data; 2012 analyses in

preparation

e Events predominantly selected in

muon or di-muon decay channels

(e.g. J/yorY)

° Single—muon triggers supplemented
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/
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Muon and quarkonium reconstruction

® Muon reconstruction

:-l Combined muon
[ \ ] e Combined muons: match inner detector and
< muon tracks
O == O ° Tagged muons: match inner detector tracks
T to muon segments (low Pr)
[ - ] * Require 2 1 combined muon for J/y, 2 for Y
O \ O — ><1I0I3 T T ‘ T T T | T T T T | T T
= ® | ATLAS Preliminary — a2t
3OGX1 03 o i j — Signal fit
—lllllllllllllllIlllllllll_ ‘_ \'I'E:e = . R ackground fi |
= ATLAS Preliminary . Daazon ] T 40| VETTTeV [Ldt=024m Background fit
250 \s=7TeV —— Signal Fit - :: . Barrel + Barrel
ILdleEMb" """ Background Fit E -'g (Y, )=0119£0001GeV |
200 Ny, = (2.208 + 0.002) x 103—: L0>Ij N(Y o) = (74.1+ 0.5) % 10°

m,,,= 3.094 £ 0.003 GeV

Di-muon Candidates / (0.01 GeV)
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Charmonium spectroscopy (cc)
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Bottomonium spectroscopy (bb)

{ ATLAS measurements in red ]
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Quarkonium production

® Production mechanism for quarkonium states
not fully understood

* Colour singlet (CS) mechanism cannot describe
all measurements

® Colour octet (CO) model

® Initial coloured state decays into a singlet
quarkonium bound state

® Non-Relativistic QCD (NRQCD) includes
CO+CS+non-perturbative effects, with matrix
elements tuned to data

® Quarkonium production at the LHC offers

® Numerous tests of perturbative QCD in a new
energy regime
° Higher transverse momenta

o A wider rapidity range

N (11,

colour-singlet state

red
colour-octet state %‘ x

greei \.‘g‘,‘..:‘)%
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Classifying quarkonia

® Prompt: Produced directly in the pp interaction or produced

through feed-down decays from higher charmonium states

(no displaced decay vertex)

® Non-prompt: Produced in the decay chains of b-hadrons

(decay vertex can be displaced from primary pp vertex)

lan Brock

e.g. B>J/y K,
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Quarkonium measurements

Introduction: inclusive |/

Y(2S)

XIC
Y (nS)

Other measurements
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Inclusive J/y cross-section: method

Nucl. Phys. B \
850 (2011) 387

d2 J N =~ ><102: T
T gy — =y = e N
de dy £ . APTAy % 40:_ =R e Bkg. component 3
Neorr = Twl. Nreco é 30:;
. ; - — — — g 20F
Event weight: wl=A- M. . e:[(pffnfr) €, (PT,17) * €urig g o
g f
e Detector Acceptance: with generator level MC 5 o
e Bin migration correction: due to finite detector resolution T Mass [GeV]
. : . o : —
Reconstruction efficiencies: with tag-and-probe method using data Fit signal +

e Trigger efficiency: determined from MC and reweighted to data

; - nclusive cross- section ] .
5 102; I, IATLASO.75<|y; <15 3 e Result with 2.2 pbi1
Fo) E o o CMS 12 <|yJ;|<1.6 ] o ] ]
S 1o Es, Spin- alignment envelope e Example of one rapidity bin (4 in total)
2 1E . - e [: variation due to 5 extreme spin
(?310' 15 i E alignment scenarios
2 . f e Agreement with CMS
=10 “¢ arLas E
; _32 \s=7 TeV & ]
107 La-zz2pm' . T. Matsushita (Kobe)
o0 R —— ‘ ———
5678910 20 30 40 PLHC2012
P, [GeV]

background in
many p+, y bins
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Prompt and non-prompt J/\|1 method

pseudo-proper time

m(J/+))
PT(J/?:’))

Invariant mass of J /4
pr of J/v

Prompt J/1) have ~ zero 7 while
non-prompt J/1 have positive 7

Simultaneous fit to mass and 7

Good agreement with CDF
Fraction is pt dependent

- T. Matsushita (Kobe)
PLHC2012

Events / (0.15 ps)

Non- prompt Joy production fraction
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mode

e 2.1fblat7TeV

® No significant feed-down from

higher charmonium states

e Additional pion efficiency and

acceptance corrections

Uncorrected y(2S)

AS Preliminary ls:?TeV,_[Ld't=2.lfb"

=
@

10<p,<100 GeV

v(2S) measurement
® Measured in Y(2S)=>J/y ©tn
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Entries / 0.12 ps

ATLAS-CONF-2013-094 \
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v(2S) cross-section compared to other results

Prompt cross-section Non-prompt cross-section
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Spin-alignment of y(2S) was
assumed to be isotropic for central
® p;range extended results. Var.iatio.ns for a number. of
extreme spin-alignment scenarios
@ detailed separately.

® Agree well with other LHC results
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y(2S) cross-section compared to theory

Prompt cross-section Non-prompt cross-section
%' 107 ATLAS F:reiiminary I IProrrl'npt \|IJ{2SI) dlate; % 10* ATLAS Plreliminary | Noln—pro:“npt I'41{2IS) Idatla
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* (N)LO NRQCD in gOOd agreement, ® NLO and FONLL (Fixed Order Next-
except for highest Pt to—Leading Logarithm) have a harder p;.

® Matrix element retuning possible spectrum than data

e FONLL: b-hadron production spectrum

® k. factorisation underestimates data
® momentum distribution of the W(2S)

(parton-level colour singlet+k+-
k dependent parton distributions) @ MiriamWatson/
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Measurement of ., and ., production

X
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arXiv:1404.7035,
sub. to JHEP
29/04/14
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® Using 4.5 tb-1 at 7 TeV (2011)

Ldt=45f"

—

® P-wave states of the charmonium

system: triplet Xc](l P), with ]::

J:O) 1 ’ 2 1'02_

0.8F-

® Complementary to S-wave ]/ and 0.6)-
Y(2S) 0.4 gopte®* ¥

Weighted puuy Candidates / (0.01 GeV)

T | T T T T ]
10 <p}" <30 GeV

---- Background

Signal Lo

[ Prompt Signal

EBE Non-prompt Signal y
- Prompt Signal ran
BEE Non-prompt Signal x

III|III|III|III|II1|III|JII|III|IIII

0.2F
® Radiative decays into |/ Yy 0.0 L
. 0.2 0.3 0.4 0.5 0.6 0.7
® Photon reconstructed from y—e™e’ m(wy) - M) [GeV]
conversionsininnertracking e
a 4o’ ATLAS 10< pJT""<30 GeV
detectors 2 T E isa7Tev ¥ 2075 T
S ol fla-asn [  Data 1 Fitto
: . J— o E ] — Fit E te
* Large branchlng fractions for [=1,2 £ magens | SEPAra
= 1055_ -7} Prompt Signal - rom t
. . . % : [E52] Non-prompt Signal E p p
® Yield of %, is too low for reliable S L . 1 and non-
measurement = b | 4 prompt
* Additional photon efficiency g 10—’ T
. 6 -4 -2 0 2 4 6 8§ 10 12 14
corrections Pseudo-proper Decay Time t [ps]
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Xc1o Prompt cross-section

E % | ATLAS Prlompt " <0.75 g
:E 1 ; \s=7TeV J-Ldt=4.5 fo X, Isotropic Decay é
® Measured for |yJ/\|f| <0.75 as N :
g - ]
. /Y Y = 107¢ 3
function of pJ/¥ and S :
pT pT § 10'2é é
* Compare to the predictions of N E
10'3 E —4— Data 3
e NLO NRQCD: matrix elements " oo ko Factoriaton ]
10 R E== NLO NRQCD
from experlmental data - Il cocsw - -
10 20 30
JIy
Good agreement Py [GeV]
= El r Ji
. . © - ATLAS Prompt |y~ '| <0.75
° LO COlour Slnglet +P0tent1a1 mOdel % 1,;_ \s=7TeV J.Ldl=4.5fb'1 X Isotropic Decay
Low: higher orders important? g 101:
® k; factorisation: colour singlet + g b
X 10 E
. . m =
longltudmal/ transverse gluon .
) ) ) 102 —¢- pata >
dlstrlbutlon - - - k; Factorisation
104~ NLoNRacD )
Overestimates data oo L =
10 20 30
Py " [GeV]
Plots for isotropic decay angular o
@ .. ) ] Miriam Watson
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No

T

Bxdc(xCJ)J’dp [nb/GeV]

n-prompt cross-section

First measurement at LHC

Fixed-order next—to—leading log

(FONLL) describes data

B2><c(x02)/B 1><cs(xc1)

¢12 hon-prompt cross-section and ratios

FONLL: b-hadron production

combined with momentum

distributions of y_; and 7,
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lots for isotropic decay angular

distributions (unpolarised)
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Sensitive to
possible colour
octet
contributions,
NLO NRQCD
in good
agreement

(esp. low py)

® 20-30% of
prompt |/

originate
from
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 Earlier result on Y (1S) fiducial cross-section:

e
Bottomonium: Y(nS)

Phys.Lett.B 705 (2011) 9

* Updated: Y (nS),n=1,3 using 1.8 fb" at 7TeV

Weight

Efficiency
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0.5

|.|u -
-ATLAS ly I<12 — - Fiducial -
—— Corrected 7
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T ]
i -:.". .
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e ey s —
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250

200

150

Entries / 50 MeV

100
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¢ Fit dimuon

in ﬁnely binned Pr and rapldlty

intervals

® Correct each event for detector

.“‘,l"'— i \
,\‘"/“’/\’:;ev J-Ldt-18fb ]

efficiencies

extract production Cross-sections

™~

Phys. Rev. D 87,
052004 (2013)

><1'\03I T T I T T T T | T T T T | T
- ATLAS " < 1.2
\s=7TeV > Dat
Y(1S) : 6 = 120 MeV
J- Ldt=18fo"
Y(2S) : 0 = 127 MeV

T(3S):0=131 MeV

m,, [GeV]
Invariant mass spectra

and acceptances:
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(nS) Corrected di

ffere

ntial cross-sections
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E - Corrected cross sections | 8 Corrected cross sections
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o]
S alignment, i.e. angular distributions
=.
S of muons
-
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>,10 F | =
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Comparison with theory: Y(1S)

® Compare differential cross-sections with models:
* NNLO* Colour Singlet Model (direct Y production only)
° Phenomenological Colour Evaporation Model (inclusive) Models fail to

T T
<2

L L B e B B L s | T LN N B S S S S

describe shape &

12< )y <2.25

B8 Y (15) corrected cross sections B (15) corrected cross sections

normalisation of

Spin-alignment envelope Spin-alignment envelope

sy

o o data

" | NNLO* CSM (direct only)
== CEM (inclusive)

y x Br(T(1S)— u'Ww’) [pb/GeV]

d?a/dp_dy x Br(Y(1S)— ') [pb/GeV]

1
...... Better at p<20
- Ui o "'EATLAS
=—id 5 ) GeV (Tevatron
- ° \s=7TeV det=1.8fb
) SRR region), new
5 1 3
: — contributions at
P — high p; not
: 7 ] s _ 4 accounted for by
.y 7 1R P CSM
0 10 y %0 40 %0 X 1;;3‘) [Ge\/T]O 0 10 20 30 a0 50

THSEI;JPT [Ge\/?]D
Note: high p; has negligible spin-alignment Also for Y(2S,35)

uncertainty—very precise measurements
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'Y(3S)/Y(1S) and Y(2S)/Y(1S)

® Production ratios sensitive to feed-down contributions

* Rise in production rates of higher Y states as function of p (c.f. CMS)

® Indication of saturation at 30-40 GeV: direct production dominates

over decays of excited states?

* Ratio sensitive to ¥, (nP) contributions

T T T T | T T T T I T T T T I T T T T | T T 0
- ATLAS Corrected cross sections Eu
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220"
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> 1605 oo 05
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. ATLAS Corrected cross sections 5 ¢t
- 40F-
— -1 E Y
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- ) G‘ PRI B I T B .
Ly <12 100 102 1‘°i4 106 10.8
- muy) - m'w) +m o [GeV]
0.6 I r@syr@s
[ A r@Es)r(1s

CMS 3.1 b’
—f— Jy'I<2:7@syr(18)
—— |y"|<2: 738N (1S)

1 | | 1 | | 1
40 60

T p, [GeV]
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Other measurements involving quarkonium decays

Candidates / 17 MeV

* A few examples

| L L

ATLAS

\s=7TeV
L=49fb"

| L L L L L

800 —]
m,, =5619.7+0.7 MeV 1

S, =1.18+0.03 :
6, =31.1:08MeV 3
N, =2184+57

700
600

500 e Data Ny =5970£ 160
— Fitted model

400 ....signal X¥/Ng = 1.09
---+ Background

300
+

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

200

Events / ( 70 MeV )

40

ATLAS Preliminary

LY
.....

JLdt —43fb"
\s=7TeV

_+_

Exclusive decays

e.g. B> Iy m

mg, = 6282+ 7, MeV
Ng =82£17,,,
20 ©=36%9,,, MeV ‘ ]
olL A P R L1 L1
5800 6000 6200 6400 6600 6800

my, . (MeV)

100
I . . l l.-- , 'II__| _I LI B | l T T 1T | T T T I LI B I T 1 1T ‘ T T T I_
0 OSSP L Lo LT - e e e 0 (.14 8§ constrained to 2.95+ 0.39 rad — 68% C.L. —
5400 5500 5600 5700 5800 590 Abe J/\l] A & C Ajl-"s constrained to > 0 ---90% C.L. ]
A helicity frame My A0 (MeV) L‘WO 100 ATLAS ;gi%:l:.l.c.l Model E
. L andard Model |
P A 7, Mass, < - J. \s=7TeV o AT, = 2ITlc08(0,)
| o . 0.1 [Ldt=29" -
o lifetime and f B> I
Y Ny rest frame helicit 0.08- 5 S .
, ) y - M1X1ng
%A - 0.06-
PN amplitudes g | parameters
7T AN o K
4 NN z, 0.04 ; —
N e r -‘ k
.. | '. ,/1 T ’”_ 0.02? ‘\‘ . . ]
7’ r R T TP L L ]
B iy ; ,’.""Ab G (N ;"r-J-«.-L TN DT VA TREY (PO AT TR A DU TAT TR W U A AP To
_ _e.a.”"_'. e -15 -1 -05 0 0.5 1 1.5
Production plane Uy ¢:/w¢ [rad]
Ve
Vs

; @

Miriam Watson
J/p helicity frame /




Heavy flavour cross-sections

Overview

BT cross-section
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g

%k .
e D™ meson production cross
sections

ATLAS-CONEF-2011-017

® Inclusive and dijet cross-sections

of b-jets
Eur.Phys.].C 71 (2011) 1846

Earlier heavy flavour production measurements

ub/GeV]

electrons and
muons (b/c

cross section)
Phys.Lett.B 707,

-+ Data 2010
FONLL

—NLO

- Pythia x 0.45

--- PowHeg+Pythia

--- PowHeg+Herwig

s

4 /_ . .o 9
* D™ production in jets (2012) 438 2
bl_l_
Phys. Rev. D85 (2012) 052005 ®
20.14_'"|""|"I'|""""l""lf"'l"""_
= T ATILAS | = - PYTHIA [ J— I —— T T
D012 Attas 1 L HERWIG - & | e Data StElit uncert. only
a C #4444 POWHEG+PYTHIA 1 ¢ 10 - Pythia 6.493 :
- ‘ (o POWHEGHERWIS Y - -% e Eemtr]ig++ 2F54_ﬁ 6 405
: ata with stat. IJI"lCB. amn : i v owheq + yt ia i
0 08__ stat. + syst. uncertainty B g 8 Total ergr’or IIIIIIIIII o EQNLL
r \s=7TeV, J-Ldt=0.30 pb’ ] @ i ] 10 20 30 40 50 60 70 80 90 100
0.06— 25<p, <30GeV, 1] <25 ol _._—.— *— [ eV]
0 04:— B £ : —5—29:_;L o=
. C “égf.és% ////// ——_— i i I . i [ ) Fl 1t]
b EE T, . u ] avour composition
0.02 LB L8777 N ! <€— — .. P
. —— ; of dijet events
- T T D T T i A ol
g, —— ST:'Az%m 77 VJ-Ldt 39 pb ™ Fur. Phys. J. C
- — = ata \s e p
o~ s ( 201 3) 73-:2301
& X 0 .
S 909304 05 06 07 08 098 i 50 100 200 300
z = p,(D*)/E(jet) @ Jetp_[GeV]
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B* cross-section

2.4 tb ! data at 7TeV; select B = J/y K*

Start from |/ candidates in mass

window [2.7,3.5] GeV

Fit to common vertex with additional

charged track of pp > 1 GeV

Retain B* candidates with pr =9 GeV

and | n | <2.3
>25OOG T T T T T T T T T T T T I T T T
: B = JyK* i
CD L ATLAS Simulation @ other H, — Jy X -
220000~ s, K =
~ L @ B*° - Jiy (K*/Km)*"*°
o C (B = Jdyn* ]
515000 -
w r bb— J/y X .

10000

5 5.2 5.4 5.6 5.8
My [GeV]

6

JHEP 10 (2013) 042

> T T [ LI B B | |||||||| [ |||||||||||||||||
[ - 1 7
8 1a00f. ATLAS \s=7 TeV, jl_dt 24t
— - —e— Data ]
Q - Fit -
© 1200 9 1 e Signal -
;; L [ Total background -
Ko} 1000‘_ --- Combinatorial background _T]
= = I B J/w n* background ]
LICJ 4 [ B J/y K n background 7
800* % -
600} ] S
- . s
400 : 20 GeV < pT < 25 GeV ]
: ; : 05<|yl <1 .
200 : P 4 ]
- : , B — Jy K= 1
0‘-—*Irlll‘

5.1 52 5.3 5.4 55 5.6 57 5.8

My Kk [GeV]

® Resonant backgrounds J/y 7, J/y K7
® Combinatorial background J/y+X

e Extract differential cross-section:

d*o(pp = BT X) P NBT
dprdy £ Apr- Ay
N B+ i NE; L‘urninosity
A gBt LB Branching ratio
Acceptance, efficiencies
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B* double differential cross—sectlon

0<ly|<0.5 % POWHEGPythia _5

. 108 | | | —— bi 25_‘0<|y|¢0.5 &gmc@mmmmig I E
= 6 f
© 107 ATLAS ~ POWHEG+Pythia 155 . ‘
3 ~SRP- N . N\ A\ )
2 10° .- & MC@NLO+Herwi oS arias E
4 T e k
%,_:: 83 """""" - e - U% 2;_’0.5<|y|<1
-._-8_- 102 __________ iy | °
) Ly el wewmolliooo ’
%; 1? — -
T 107 . R
o bosWond
S102 T
2 102 F Data 2011 e
© 1074 E —* (x10°) 0 <|y| < 0.5 ittt aeed
10°F ™ (x10%05<y| <1
—— (x10%) 1 <|y|< 1.5

I—v—15<|y|<225
10 20 30 40 50

20 30 40 50

100
p, [GeV]

* POWHEG + Pythia: Good agreement with data throughout
* MC@NLO+Herwig: lower cross-section at low py,

1k0 30 40 50

softer p; spectrum for |y|<1; harder for |y|>1
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do(pp—B™X)/dp_ [ub/GeV]

e
B

T

* cross-section vs. pT

102""I ' '
- ATLAS

—_—h
IIII|

—k
o
IIIIII|_LI TTT

_\'s=7 TeV

- —e— ATLAS, 2.4 b, |y|<2.25
10°¢ =
= —5— CMS, 5.8pb7, |y|<2.4

—
o
N

| FONLL, |y|<2.25

—
o
A

10°k

10°

678 10 20 30 40 100

e Comparison with CMS and

FONLL prediction with
fi o pe = 0.401 £ 0.008

* FONLL (Fixed-Order-Next-

to—Leading—Logarithm)
describes dependence in p
and rapidity

® Theoretical uncertainties

from scale and b-quark mass

o(pp — BTX) =10.6 0.3 (stat.) & 0.7 (syst.) £ 0.2 (lumi.) £ 0.4 (%) ub

-
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Heavy flavour with vector bosons

W + prompt ]/
W + charm
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ﬁ\TLAS vector boson measurements

Vector Boson + X Cross Section Measurements

o (y+X) [Ip7] <1.37]
[1.52< || < 2.37]
o.fid(z)

— [Mpjer> 1]
— oid(Zjj EWK)
O'ﬁd(W)

— [Njer=1, Np—jer=1]

- [njet=2= nb-jet=1]

0.0

-

Status: March 2014

o =236 = 2 71 fb (data),
JETPHOX (theory)

7 ib (dala)
JETPHOX (theory)

or=123+1

o =479 + 3 + 17 pb (data),
FEWZ+HERA1.5 NNLO (theory)

o =68.84 + 0.13 + 5.15 pb (data)
Blackhat (theory)

o =15.05 + 0.06 + 1.51 pb (data)
Blackhat (theory)

o =3.09 £ 0.03 £ 0.40 pb (data),
Blackhat (theory)

o =065+ 0.01 + 0.11 pb (data)
Blackhat (theory)

o =36707 *77 pb(data),
MCFM (theory)

=547 +46 0% b (data)
Powheg (theory)

o =5127 £ 0.011 £ 0.184 nb (data),
FEWZ+HERA1.5 NNLO (theory)

0 =540.5+ 7.5 731 pb (data)
Blackhat (theory)

o =119.8 + 3.1 *107 pb (data).
Blackhat (theory)

o =26.0x1.2 177 pb (data),
Blackhat (theory)

o =47=05 20 pb (data)
Blackhat (theory)

=50+ 05+ 1.2 pb (data)
MCFM-+D.P.l. (theory)

o =22+0.2 +0.5 pb (data),
MCFM-+D.P.l. (theory)
| " 1 L 1

ATLAS Preliminary
Run1 vs=7,8TeV

LHC pp Vs=7TeV

B theory
data

Lo stat only
stat+syst

LHC pp s =8 TeV
theory
data

stat only
stat+syst

02 04 06

0.8

| 1.6 . 1.8 | 2.0
data/theor

10 12 14

* Will concentrate on W]/
and W+ c today

JLdt

[ﬂJ_l] Reference
4.6 arXiv:1311.1440 [hep-ex]
4.6 arXiv:1311.1440 [hep-ex]

0.035 PRD 85, 072004 (2012)
4.6 JHEP 07, 032 (2013)
4.6 JHEP 07, 032 (2013)
4.6 JHEP 07, 032 (2013)
4.6 JHEP 07, 032 (2013)

0.036 PLB 706, 295-313 (2012)

Diboson Cross Section Measurements

See also Schott+Dunford
http://arxiv.org/abs/1405.1160
“Review of single vector
boson production”

Status: March 2014

4.0

o"(yy)[AR,, > 0.4]
ofd(Wy = tvy)
= [njer = 0]
o (Zy — tty)
~ [ = 0]
oo (WW)
—ofd(WW - ee)
~ HWW - )
ototal(WZ)

— o' (WZ - evep) |2
o.tntal(zz)
- o'(ZZ - 4¢)

—of(ZZ* - 4f) |-

—o'(ZZ* > tew)| -

2 pb (data), 2yNNLO (theory)

77 + 0.03 + 0.36 pb (data), M

1.76 = 0.03 = 0.22 pb (data)

1.31 + 0.02 = 0.12 pb (data), M

0.11 pb (data), M

=519 + 2.0 + 4.4 pb (data)

o =56.4 + 6.8

o =73.9 + 5.9 + 7.5 fb (data), MCFM (theory)

o =19.0 71} = 1.0 pb (data), MCFM

14 +14 pb (data), MCFM (theory)

IGFM {theory)

MCFM (theory)

ICFM {theory)

ATLAS Preliminary
Run1 +s=7,8TeV

ICFM {theory)

MCFM {theory)

LHC pp V5=7TeV

B heory
+ 10.0 fb (data), MCFM (theory)
data
Lo | stat only
stat+syst

LHC pp Vs =8TeV

0.0

theory
59 fo (data), MOFM (theory) . B data
staf only,
=67 +0.7 /0¥ pb (data), MCFM (theory) stat+sysl
ata), MCFM (theary)
o =254 120 18 b (data)
FowhegBox &
20.7 1.0 1b (data)
33 421 1o (dat
PowhegBox & gg2ZZ (theory
127 131 £ 1.8 b (data)
PowhegBox & 9g22Z (theory) | | |
02 04 06 08 10 12 14 16 18 20

data/theory
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e
W candidates

%300):(“1'93% """" MMM AR REARS RARES RARES RARES RAR =
. 0] r ATLAS ]
* Selected inW—> ev, LV modes 7, 2 250 [la-som -
/ S ook \s=7TeV E
® General selection: - Wisetv
150 -
o < . . * Data |
Single lepton trigger 100 —Fit ]
[JEWK+top 1
® Pp | n | cuts on 1€Pt0n 50 W Multijet
® . s . . — - TR ]
Slgnlflcant mlSSIDg ET 00 'IIO 2I0 3I0 4I0 50 60 7I0 80 90 100
.. ET'® [GeV
° S1gn1f1cant transverse mass, M. T el
® [solated lepton: check track or 3. L mstrogerren
L. . T} 1 0000__ -[ Ldt=233 pb_1 I:I W o pv __
cluster activity in a cone around o T
L. £ 8000
the lepton to remove leptons in jets L‘% ‘ :

6000}
R 4000}

2000}

AR :\/AT]2+A(I)2 40 50 60 70 80 90 100 110 120

my [GeV]

M, = \/ 2EFE]™ (1-cosAg, ..
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Search for associated production of
W (—nV) and prompt |/ (—>UN)
Probes quarkonium production

mechanism

Sensitive to multiple parton

Interactions
Use 4.6 fb'hat 7TeV (2011)

Include double parton scattering
(DPS) in signal, and estimate

contribution

e
W+prompt J/wv measurement

arxiv:1401.2831,
JHEP 04 (2014)
172

— 6; T T T T T T T T T T T T T
8 F ATLASAs—7TeV, j/'_ dt = 4.5 fb” |
) 5; ]
£ . .
= r .
i 4 . . =
S 4 - ‘ :
5‘ 3_ [ ] o0 E
@) ° o ®
© 21 ° ® o ]
S L @ ° P e®
% - o® ° .~..
- . . E
DE_* 1 o s .. to ° ° :-a ¢
- :‘...o.:l ....'.. .:c' * e
-1 y ° ]
® i
L0y TR ERTRR .
3 3.2 3.4

2 %6 28/
np

J/psi pseudo-proper time vs. mass

Events triggered on W muon

(single lepton trigger)

Invariant Mass [GeV]
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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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Muons from ]/
candidate

pr J/W) = 9.3 GeV,
pseudo-proper time

=0.0 ps

Muon from W
candidate

pr (M) = 39 GeV

Constantinos
Melachrinos

Missing ET
direction

CATLAS
JA EXPERIMENT

Run Mumber: 191513, Event Humber; 11053518
Date: 2011-10-2% 17:21:089 UTC

W + prompt [/

candidate event
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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

estimate ~40%

J/y Transverse Momentum [GeV]

® Note: this is a phenomenological approximation
P 8 PP

 Expect peak towards AQ = T for SPS contribution

Miriam Watson/




- I
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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Heavy flavour with vector bosons

W =+ prompt |/
W + charm
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arxiv:1402.6263,

/
W + charm quarks sub. to JHEP

* W boson + single charm quark s/3

IS produced in LO by quark-gluon scattering .
with a down-type quark (d, s, b).

W= /W

f

» Contribution of quark flavours determined (‘/F
by PDFs and by CKM Matrix (Vcd, Ves and Vep) 000000000

« At LHC energy and M, 20% uncertainty on strange PDF

gs and g§ initial states dominant,
d-quark contributes about 10%

IS
[

Z —:ﬂ/ ;f/ 7/
i
R

| Directly sensitive to the s-quark PDF

[ ] NNPDF2.3 collider only
cTi0
NNPDF2.3
epWZ

» Constrained only by neutrino-nucleon DIS,
sensitive to the modeling of c-quark
fragmentation and nuclear corrections

strange and anti-strange quark PDF (s+3)
[gormaliz@ to NNPQFZC& nlo_collider_as_0118]

o
%]
BFTTT

10* 10°

1 D—Z -1
parton momentum Frac?t%n X

« Some PDF analyses suggest s-quark sea is suppressed w/r to d-quark sea
ATLAS W/Z analysis indicated SU(3) flavour symmetric sea

Kristin Lohwasser
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‘Measurement overview

S ~
4.6 fblof data collected in 2011 at \/s = 7TeV

W boson selected via muon or electron decays

Charm is tagged using either:

® Semi-leptonic decays inside a jet (soft muons)

® D(*) decays

Charge correlation between W boson and charm quark

® Signal has opposite sign (OS)

® Most backgrounds are charge symmetric (SS)
OS-SS enables isolation of the W + c¢ final state from W + cc, bb

<N RO A N p,(p+) = 29 GeV
&\\ AT LAS np+)= 0.66
S E,™s= 24 GeV

JA EXPERIMENT M, =53 Gev

Run Number: 152221, Event Number: 383185

Date: 2010-04-01 00:31:22 CEST

W-uv candidate in
7 TeV collisions

Miriam Wats on/




/W + D analysis

* Select samples of W+ + D?
and W*+ D** by
reconstructing D®* decays
in the inner detector:

e DK T

e D" D+ with
D> K-Tr*
DO>K-mrm’
DKt

® Form OS-SS distributions
of m(K7tm) for D* and Am
= m(D*) — m(D") and fit

Events/MeV

™

rrrryrrrTyrrrTyrTTTyrTTYYTTTTYT > T T T T T
2500 camas | oswo 7 2 2500 ATLAS | SS WD*
Ldt=461b" D*—s D'n— (Km)n I jl-le‘; G\JD D*— D’n— (Kn)n
2000/ 'S=7TeV « Data - & 2000F 777 * Data
C . 1 = r
F W+c 1w C W+c
F 5 a B W.c5/ob
1500 '&iﬁg’hﬁb A -mnght
E e 5 I Multijet E ultijet
1000F mTop o 10000 mTop
r B Others b E - Il Others
500: ﬂ'ﬂ’m"'.mm 7 ] 500; .;‘ P i i
C oC
0
135 140 145 150 155 160 165 170 175 135 140 145 150 ;;5“5_;6(%*)1_[?1%01)7['&9\1/]75
A m = m(D*)-m(D°% [MeV) =
> T |I|\|\|\|\|‘|||||||||I|\|\l\\ T | LN I TT T |:
2 8007 WD*+ . ATLAS =
. ; ]
B 700 D*— D'n'— (KnH)m* .[Ldt =461b E
qc) 6005 \s=7TeV 3
kT E * Data ]
¢ 200 Fit E
& 400- Signal =
e E #fL e Background 3
300K E
200 =
100- w
O; --------- Ll + |4 +| + o +

135 140 145 150 155 160 165 170 175 180 185
A m = m(D*)-m(D% [MeV]

W+light jets background: functional form
Data-driven correction for peaking heavy

flavour background
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H {u-jet} axis

- : :
W+ C-Jet anaIySIS M

25 (s 7Tev, JLdt=4.8fo" CW-c B

<> ATI AC  Run 152409 b-tagged jet in 7 TeV collisions DW-tlight
__ [ Wc-jet i
+ i LRJ jet W Z+jets
B rvorp T Event 4349994 p:—=49 GeV [ Wopuv1,2jets I Multijet
! 6 b-tagging quality tracks in the jet, E

@ Top+Diboson

hﬂp://uﬂﬂs.th including one muon

OS-SS Events / 2 GeV
N

5 10 15 20 25 30
Soft muon P, [GeV]

® Select a sample of jets
containing soft muons

* Anti-k, jets, R=0.4

® Muons AR < 0.5 from jet
axis, pr~4 GeV

® Discriminate using muon

momentum relative to jet
axis, pTrel
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™~

PRI B AU R M
@ 5 10 15 20 25

30
60555 [pp]

‘Fiducial W+c cross-sections Pae
LR L L B 0 U L L L LI B e B B B e IS e e s B
. . ATLAS
* Compare fiducial ATLAS [ssow
\s=7TeV aMC@NLO \s =7 TeV aMC@NLO
cross-sections with WS-jet : m CT10 W c-jet m CTH0
Hl— A MSTW2008 Hd— A MSTW2008
aMC@NLO plus Y- ¥ NNPDF2.3 H— ¥ NNPDF2.3
various PDF sets Data O HERAPDF1.5 Data © HERAPDF1 5
—33.6+0.9+ 1.8 [pb] i O ATLAS-epWZ12 | | —37.3£0.8+1.9pb] O ATLAS-epWZ12
. Stat
® Predicted values - et | 5 NNPDF23col | | g Satesys  NNPDF2 3col
N | | N ‘ ' L L ‘ | L \ L L N I L ) \ I L L | ) L 11 11 | 1111 I 1111 | 11 I - - ‘ | - ‘ 1 L 1 L
0 0 10 30 40 50 0 70
vary by ~25% & o o O
L L L I L L L B B B R L T L B L
ATLAS ATLAS
Ldt=4.61b" Ldt = 4.6 fo”
s-quark 5= 7 Tev aMC@NLO =7 Tev aMC@NLO
. L ol m CT10 nt ——l— m CT10
suppressed <« WD WD
pp i A MSTW2008 e A MSTW2008
Cf- d'quark T ¥ NNPDF2.3 R ¥ NNPDF2.3
S_quark Data Dt O HERAPDF1.5 Data ==t O HERAPDF1.5
€—178+1.9+08[8 bl | — 4 O ATLAS-epWZ12 —224+1.8+£1.0[pb] s 0O ATLAS-epWZ12
~ d-quark S st
I Stat+syst A NNPDF2.3coll [ Stat+syst A NNPDF2.3coll
T TRl B FE T R B SR B o e by by I b Gy by e
: . 5 10 15 20 25 30 35 5 10 15 20 25 30 35
® Data consistent with S 2]
] r [ ATLAS | [ amas
wlde ranoe o Ldt=4.61fb _[Ldt=4.6 fbo
g \s=7TeV aMC@NLO \s=7TeV aMC@NLO
: : +ryx ==+ m CT10 “ryxt = m CT10
rediction WD WD
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Ratio of strange-to-down sea quarks

* Ratio of strange to down sea
quarks is regulated in HERA PDF
by a single parameter (PDF
eigenvector: f)
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® Free fit of strange to down sea
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* Results compatible with the 10 10 10
ATLAS-epWZPDF which includes Default: S-guark
ATLASW /Z data suppresse
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® Consistent with SU(3) flavour
symmetry in the proton
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/Cross-section ratio +/-

Rci :W +C
W™ +cC

to valence down contribution

® Take CT10 prediction (no

Ae = 2 £3%

will help

-

e W+c analysis is dominated by
statistical uncertainties: 2012 data

e Ratio W' /W is smaller than 1 due

® Deviation of predicted value might
be due to strange sea asymmetry S:S

asymmetry)— estimate of sensitivity
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g Full details of ATLAS heavy flavour results at
S umma ry https://twiki.cern.ch/twiki/bin/view/AtlasPublic

® Many interesting results from the first years of ATLAS

® Heavy flavour production measurements
Absolute cross-section measurements
Detailed comparisons with NLO and NLO+NLL predictions
Associated production of W + charm quarks: probes s-quark PDFs

® Quarkonium physics
Production of charmonium and bottomonium; comparison with theory
First observation of associated W+ prompt |/
Confronting data with colour-singlet, -octet and -evaporation models

Future vector boson+onia measurements will provide input to multiple

parton scattering studies

° Updates and new analyses with more data are in progress
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