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Motivation

Aim:
Verify rather sophisticated W+b-jets theoretical predictions.
Understand W+Db-jets with the same precision as V+jets.

Understand discrepancies previously seen between measurements and theoretical
predictions.

W+b production is irreducible background in many key analyses
Higgs associated production (VH) with H-->bb
Single top
New heavy particle searches (ex: light stop)
Normalization estimated using ad-hoc methods

Kinematic shapes based on MC simulations, where predictions differ

Comparing LHC data with most recent NLO calculations

4-flavor scheme (u, d, ¢, s) calculation paired to parton shower (Powheg, MC@NLO)
Combined 4- and 5-flavor (u, d, ¢, s, b) scheme calculation (MCFM)



Production Mechanism(s)

Measurements of W+b-jets include three production categories

1. b in final state:
matrix element (LO, NLO), b
gluon splitting in parton shower. "

2. b in initial state:

5-flavor scheme (LO, NLO), mm/
gluon splitting in initial state (NLO). ’ b b




Production Mechanism(s)

3. Double-parton-interactions (DPI):

V and b produced by different parton-parton interactions in the
same pp collision

- Negligible at the Tevatron
- Very small (3%) in Z+b-jets analysis at LHC

- Large (30%) in W+b-jets analysis (1-jet, low pt) at LHC
p

Large theoretical uncertainty:
- Z+b-jets analysis: +/- 100%

- W+b-jets analysis: *39% gy, from ATLAS
measurement of Oef in W+2-jets events

p

« In ATLAS W+Db-jet analysis, DPI uncertainty is comparable
to scale uncertainty



A little bit of History



First Measurement from CDF

*p-pbar collisions at sqrt(s)=1.96 TeV

Vertex Mass Fit

*One or two jets, reconstructed with a cone algorithm “‘su-ao;— CDF Run Il Preliminary - 1.9/fb
. — i 4  Data
Wlth R 04 030:— ‘ = hottom contribution
;?0:— Bt { _ charm contribution
sjet ET > 20 GeV and |n|< 2.0 or- ! — L comrtutr
oo | e Summed contribution
Beof

b= 71.3+ 4.7(stat) = 6.4(syst) %
c= 159 + 5.5(stat) %
LF = 12.6 + 3.5(stat) %

(4]
=]
II|III

*Events with at least one b-tagged (ultra- tight
secondary vertex requirements) s0F-

eUse vertex mass to discriminate between b, ¢ and -
light jets.

201
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0y XBr(W—1v) -
2.74+0.27 +0.42 pb o GV
ALPGEN =0.78 pb PRL 104, 131801 (2010)

NLO pQCD=1.22+0.14 pb (McFm)

Measurement significantly higher than NLO predition: 2.8c
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Then ATLAS with 35 pb-1

Phys.Lett. B707 (2012) 418-437

* p-p collisions sqrt(s) = 7 TeV.

3 oof ATLAS e Data 2010,\s=7 eV
o 8o~ Muon + 2 jets EW? 3
*The SVO b-tagging algorithm is based on requiring a g 7of 03 Wil 3
displaced secondary vertex reconstructed within a jet @ 60 . E
with a decay length significance > 5.85. 3 [ Other EW :
30 J Ldt=35pb’" -
*SV0 mass used to separate b-jets from c- and light- 20
jets on a statistical basis. " :
o0 1 2 3 4 5 6
Secondary Vertex Mass [GeV]
*1 b-tagged jet 20 .
gg J A Electron Chan. | ATLAS -
*1or2jet B Elccion and Muon Chan.  Data 2010,\s=7 TeV -
e Fit each jet bin separately for e and p Y Nuen Chan. det _35pb" |

----- ALPGEN + JIMMY
(b-jet from ME and PS)

----- ALPGEN + JIMMY
(b-jet only from ME)
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NLO prediction obtained in the 5 flavor number
scheme [F. Caola et al. arXiv:1107.3714]
NLO agrees within 1.5 sigma with the measurements

(W= v +> 1 b-jet) [pb]

l | I T | ‘ I I | l

Still some tension with predictions. - . :
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More recently DO

Phys.Lett. B718 (2013) 1314

*p-pbar collisions at sqrt(s)=1.96 TeV. g E DG, 6.1 " » Data,W—pv a)
1= = _+__+_ W-+light flavor
"I 800 B W+b
.At |eaSt 1 b'Jet 700:_ W+c
%+_
600 =
oJet PT > 20 GeV and |n|< 2.0 500
400 4

*Use vertex mass to discriminate between b, ¢ 300
and light jets. 200

Measured (combining the muon and

e|ectroanecay Channe|3) o1 02 03 04 05 06 07 08 09 1

o(W +b)-B(W — tv)
= 1.05 4 0.03 (stat.) == 0.12 (syst.) pb.

Central value low, but perfectly
Predicted compatible with prediction within
) uncertainties.
1.347033 (scale) +£0.06 (PDF)T5p2 (mp) pb.



Out of the press: CMS Wbb

* Slide “stolen” from Moriond QCD talk by Konstantinos Theofilatos.
* No additional information available for now.
* Double tagged W+bb cross section measurement
The two b-jets are well separated in DR and both are b-tagged.

CMS Preliminary \s= 7 TeV
Ll Ll T T

T I | A | T I L l

_T T I T Ll
H —_- i E = % ® Dat el
Npjets = 2 (exclusive) 160/ La=st O Wevibb ]
E Bl W-uv+ce ]
140} S e =
K B W—uv+jj 7

120;' /i

+ @mac ]
2 + @ Z+jetsVV ]

MC+BKRD Err]

Events / 15 GeV

Q 100¢
X 0

60F [~

\
/

40/ 24, -
o(W—bb) 200 ‘

Data (CMS)  0.53 + 0.05 stat + 0.1 sys [pb] O 50 100 150 200 25
M(jet1 +jet2) [GeV]

MCFM
(MsTwosnnLo) 0-92 £ 0.03 [pb]

Complementary phase space w.r.t. the W + 1 b-jet measurement,
very good Data/Theory agreement; Important for WH with H—bb



Few comments

e Four results from four experiments and two colliders.

e CDF significantly higher than prediction. Not confirmed by DO (same
collider, similar fiducial region).

e Some tension at ATLAS in specific fiducial regions.

e Perfect agreement at CMS.

e Are these results sensitive to the same W+b production processes ? NO

e Tevatron is p-pbar at sqrt(s) = 1.96 TeV
e Quark initiated processes more important than gluon initiate ones.
e DPI contribution negligible

e LHC is p-p at sqrt(s) = 8 TeV
e Gluon initiated processes very important.
e ATLAS measurement quite exclusive and very sensitive to single b
and collinear final state b-quarks.
e CMS measurement is only sensitive to well separated b-jets

e Depending on the selection, DPI is very important.
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New W+Db-jets results

from ATLAS with 4.6 fb™

arXiv:1302.2929, Submitted to JHEP



Analysis Strategy

4+ \What we measure:
» W+Db-jets cross section, inclusive and differential
* Exactly 1 b-tagged jet (unfold to 1 or 2 b-jets)
* Differential: Number of additional jets (0 or 1)
* Differential: pt of b-jet
* DPI contribution is NOT subtracted.
4+ How we measure it:
» 1. Select W+jets, require 1 b-tagged jet
» 2. Estimate backgrounds
* W+c, W+light : use b-tagging distributions
* QCD, top, single top : use kinematic distributions
» 3. Unfold to fiducial region

12



W+b-jet Selection

W boson
Isolated lepton (e, ), pt > 25 GeV

Eqmiss > 25 GeV-—__ |
mr(W) > 60 GeV

reduce multijet
background

reduce top background

b-tag

Exactly 1 b-tag

“CombNN” neural network
combines two techniques:

1. b- and c-vertex reconstruction along
common line of flight,

2. simple likelihood based on impact
parameter significance of all tracks.

High purity working point:
- 40-60% for b-jets
- ~10% for c-jets, ~0.1% for light-jets

Jets (Anti-kt, R = 0.4)
pt > 25 GeV full jet cone within
|y| <21 - tracking region
NJets < 3 «<—— reduce top background
> 75% of tracks from leading collision
™~
reduce pile-up
L 03 T I
5 E ; ATLAS Simulation E
> 0250 -
-g E‘_‘ == \W+b ]
< OBLR W E
oAs  WWE -«W+light 3
o.1f— — E —f
0.05  mmaees =
5T T et

0
CombNN



Sample Composition

4 analysis regions: signal and background after all fits

Process u 1-jet 1-b-tag‘ e 1-jet 1-b-tag | u 2-jet 1-b-tag | e 2-jet 1-b-tag
W+b-jet [ 3173 2422 2632 1908
W+cjet | 12741 10290 ) 4447 3642
W+light jet 2301 1877 1017 737
tt 1232 1105 (4180 3638
Single top 1594 1334 2261 1795 )
QCD [EX* fi] 702 ( 1252 ) 313 ( 683 )
Diboson 181 139 185 154
Z+jet 769 258 397 366

> 4

Signal is ~20% of sample ! \

Background composition very different in each

analysis region.

Striking:
W+c-jet in 1-jet region
Single-top and tt in 2-jet region

Multijet in electron channel "

ATLAS
Vs=7TeV

f Ldt = 4.6 fo"

muon, NJet =1

CJW+light
[ single top
(I
[CJMultijet
iz
Eww+Wz

Events / 0.5 Units of CombNN

—LIIII|IIII|IIII|IIII|IIII|I

3 4 5 6 7 8 9
CombNN
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Estimate Backgrounds

Completely independent estimates in electron and muon channels

W+c, W+light: use b-tagging distributions
CombNN tagger value is best discriminator btw. b-jets, c-jets and light-jets

Backgrounds with b-jets: use kinematic properties
Multijet: Missing Transverse Energy [ET™ss]
tt: Number of Jets
Single top: Mass of W-b pair [mwp]

g 0-3 :L.\ T I T T T T T T T T T T T T T T T T ‘ T T T T ‘ T T T T ‘ T T T J—7 20-254 T ‘ T T T T ‘ T T T T T T T T ‘ T T T ‘ T T T T ‘ T T T \_
c - u . c B ]
2 - = ATLAS Simulation 2 _l_ ATLAS Simulation ]
> 0.25[ = . > I i
g C s ] © 0.2~ . —
-}—; - ;Illl; _W+b | E : . _Slngle tOp :
< 0.2p%,.: = < T . N
< E‘““g ""W+C E <O15; 4 _IIIE.I Itt ;
015} !IIIIE lllll -|-|W+Iight { E g : lIlIW+jet E
01 i A .;ll lqé 7: 01 ; llllll -E 7:
0.051 E 0.05 kina -
0: Il Il I Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il Il \. L lll=== . 0 Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il l\IlTIl\ lllll X

3 4 5 6 7 8 9 10 100 150 200 250 300 350 400 450
CombNN m(Wb) [GeV]



Estimate Multijet

Multijet template shape obtained from data
Modified leptonic selection, based on studies in heavy-flavor dijet samples

Multijet normalization obtained from fit to Et™iss distribution

Normalization uncertainty from cross-check fits with mt(W) and prlepton
distributions

Good agreement, leading to 50% uncertainty

3 P00 ATLAS 3 ATLAS .
(O] - » —— Data Q] 2500 p Data
'© 5000 Ldt=4.6fb B8 W+b 10 - Ldt=4.61b B W+b
P - - B W+c @ - ) B W+c
4000~ . ] W+light C]>.) - . (] Multijet
T - electron, Njet =1 [ single top T - electron, Njet =2 [ single top
3000 Etzt 1500~ 5 5V+ngm
- B WW + Wz n B WW + Wz
2000 1000 :—
1000 500
= e =TT leedonaddaag,l : S aelare.
oO 20 40 60 80 100 120 140 160 180 200 00 80 100 120 140 160 180 200

ET™ [GeV] ET™ [GeV]



Multijet: shape uncertainty

Multijet template shape obtained from data
Shape uncertainty from control region: low Et™ss, low mt(W)

Correction as a function of the CombNN weight defined by the data/
Multijet model ratio in the control region.

600

zZ - Z —
% 2000F- ATLAS | e ot % : ATLAS | e ot
— — . CIW+b B — . CIW+b
5 18005 Ldt=4.6fb e S 5004, Ldt=4.6fb (] Multjet
5 16008+ (s =7 TeV e = [t | (s =7 TeV =i
2 14001 —+—  muon, Njet =1 [ W-light 2 4003_ muon, Njet =2 i
S 12005 —_ [ single top 5 B izg [ single top
o) C it To) = [ W+light
> 1000 ;
o - . B WW + Wz o == B wWwW + Wz
@ P
£
()
>
L
0===5 4 6 9 10
CombNN




Estimate {t

tt normalization obtained in control region: “At least 4 jets, exactly 1 b-tag”
Fitted correction factors ~ 10%

Cross-checks: 3-jets control region, number-of-jets distribution
Normalization uncertainty: 10%, based on fit results

Apply correction factor to to signal regions (1-jet 1 b-tag, 2-jet 1 b-tag)
Systematic uncertainties evaluated by rerunning fit with modified Monte Carlo samples

Z [ T I T T T T I T T T T ] ﬂ : |||||||||||||||| I T T T 7T I |||||||| I T T 1771 I LI I LI |:
% S000r -Data § 22000 ATLAS -Data
g - ATLAS [ single top ] 11 20000 /s =7 TeV @single top 3
% 2500 (5-7Tev g{}\”b E 18000~ f Ldt=4.6 1o 83V+b =
= C Ldt=4.6fb" B W-+c 3 16000 ;— electron, NJet = 1 B W+c _;
S 2000 - electron, NJet = 4 CW+light - 14000 CIW+ight 3
P - CIMultijet 3 12000E- CIMultijet 3
€ 1500F — P = : — E
2 - . Ewwswz 10000 @Bww+wz
1000 - 80001 E
- . 6000 —
5001 1 4000F =
— - 2000F- 3

=% 4 5 6 7 8 9 10 %~ 1 2 3 4 5 6 7 & 8
CombNN Number of Jets



Events / 20 GeV

Estimate single-top

No control region: use signal region kinematics
Invariant mass of (W, b-tagged jet): mwso
Cross-check: Hr = prlepton + priets + Emiss

1-jet region: inconsistent picture, no measurement
Hr vs. mwo , AcerMC vs MC@NLO
Use MC normalization with 50% uncertainty
2-jet bin: consistent picture
Fitted correction factors ~ 15%
Normalization uncertainty: 20%, based on fit results

T L L B L LI L LN BN >
- _ ()
2500 <Data 1 O 2500
- ATLAS @ single top S
L Dﬁ — -~
- T V -
2000 ls=7Te OW+et - 2 2000
. Jrot=ast’ OMultjet 1 &
B 7] L
L muon, NJet = Hz ]
1500} EWWswz 1500
1000~ — 1000
500 — 500
OEE

[
100 150 200 250 300 350 400 450
m(Wb) [GeV]

:‘u=)0.25_l T ‘ T ‘ T T T T ‘ T T T \_
C I~ .
2 N ATLAS Simulation ]
S 0.2 , -
2 F - single top .
< B : .- e l
0.15; EIII _II?III Illltt ;
01 } E Illl! {
OOSZT" '-'i ;III! {
1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 1 1 \Il\l — I :
O1 00 150 200 250 300 350 400 450
m(Wb) [GeV]
I T T I T T T T I T T T T
-e-Data
ATLAS @@single top
Ot
7 TeV .
ls=7Te O W+jet
fl_dt =461 CJMultijet
electron, NJet = .Z
Bww+wz

100 150 200 250 300 350 400 450

m(Wb) [GeV]



Separate b from c/light

Use b-tagger distribution (CombNN) to separate b, c, light jets

Maximum likelihood fit
W+b, W+c, W+light: normalization completely free

Other bkgs: Gaussian nuisance parameters (based on previous estimates)
- Multijet (50%), tt (10%), single-top (50% for 1-jet, 20% for 2-jet)

Arbitrary Units

0_3 :' |||||||||||||||||| L L B J—_
; 255 ATLAS Simulation -
e —W-+b -
0.2F%, .1 -
o e = W+c .
0155 .. -=Wtlight
01:_ ;illl;""‘é _:
m 7]
005__ =|l|£:""E —
C | L] '-'p'-;-'.r.:mmmhé

0 78 9 1
CombNN
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CombNN shapes

*Clean samples of b-jets can be obtained by selecting events with at least 4 jets and 1 b-
tag. We checked data/MC shapes agreement considering different jet -pT bins.

eAlmost pure samples of b-jet are selected by requiring at least 4 jets and 2 b-tags. The
differences in shape between data and MC are used to estimate the b-jets CombNN shape
systematics.

P il . Z 400F
z 160p ATLAS Preliminary _, . Zz - ATLAS Preliminary _,_ ...
§ 1400 Ldt=46f" W £ 350 Ldt=46f"  EWo
C = tt

5 120F Is=7TeV B W+c 2 300 Is=7TeV [ single top
e - _ [ single top o c _ B Wac
£ 100F muon, Njet = 4 [ W-ight 2 o250k electron, Njet = 4 VA
:c) - P :C) - ] Multijet
0 goE 1 Multijet v 200 ] WH+light
o : B wWwW + WZ o - B ww + Wz
2 60F g 150
[ -
2 408 s & 100;

20! —+— 4 50

=54 5 6 7 8 9 10 =% 4 5 6 7 8 9 10
CombNN CombNN

«CombNN shape for c-jets: checked using enriched W+c-jet samples (OS soft muon tags).
Systematics estimated by producing new shapes after varying the number of tracks in
decay vertices.

eCombNN shape systematics for light-jets estimated by comparing templates extracted
from Pythia and Herwig programmes.
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Flavor Content Fit Results

eCorrection factors to be applied to the expectation, estimated by the binned ML fit

for each process in the four analysis regions.

The W+b expectation is Alpgen scaled to the W NNLO inclusive cross-section

Process u 1-jet e 1-jet u 2-jet e 2-jet
( Wb-jets | 1.68 £0.14 | 1.98 & 0.16 | 1.14 4 0.10 | 1.16 + 0.13 )

W 4-c-jets 1.22 £0.04 | 1.30 &= 0.05 | 1.04 £ 0.09 | 1.10 £ 0.10
W +light-jets | 0.70 £ 0.22 | 0.28 & 0.25 | 1.15 & 0.33 | 0.67 £ 0.44
tt 1.00 & 0.10 | 1.00 &= 0.10 | 1.02 £ 0.10 | 1.01 £ 0.10
Single-top 1.07 £0.34 | 1.02 &£ 0.36 | 1.08 £ 0.19 | 1.01 £ 0.19
Diboson 1.00 & 0.10 | 1.00 &= 0.10 | 1.00 £ 0.10 | 1.00 £ 0.10
Z+jets 1.00 & 0.10 | 1.00 #= 0.10 | 1.00 £ 0.10 | 1.00 £ 0.10
Multijet 1.12 4+ 0.47 | 0.80 = 0.40 | 0.67 £ 0.49 | 1.79 4 0.42
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Flavor Content Fit Results

Z T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ] Z T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ]
Z -e- Data _ Z -e- Data _
£ ATLAS EIW+b ] £ ATLAS EIW+b ]
© =7TeV -W+C : o =7TeV - W+C :
S CIW+light  — S CIW+light  —
2 det 461" [ single top 2 det 461" [ single top -
S B - 5 [l -
LrD)_ muon, NJet = 1 CJMultijet ~ — 3 electron, NJet = 1 ] Multijet -
o mz . o mz .
" EBww+wz ” EBww+wz
c 7 c 7
o i o i
> i > N
w ] L i

3 4 5 6 7 8 9 10 9 10
CombNN CombNN

pa ] pa ]
< ATLAS -e-Data - = ATLAS -e- Data -
£ Vs =7TeV Cw+b N £ Vs =7TeV EIw+b ]
®) EW-+c ] ®) B wW-+c ]
5 f Ldt=4.6fb" CIW+light 5 f Ldt = 4.6 fb” CIW+light
§2] single top ] 12] singletop
c muon, NJet = 2 = - 9 P ] = electron, NJet = 2 = - 9 P _]
- tt i > tt i
0 [JMultijet i 0 [JMultijet il
o [ ] o mz ’
" EBwwW+Wz @ EWW+WZ —
£ 1 £ ]
(] (]

> N > N
L - L -

9 10 10
CombNN CombNN
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Unfolding to fiducial region

Measurement presented in fiducial region
Kinematic phase space well covered by detector acceptance

Defined at particle level
Hadron-level jets built from particles with T > 10ps
“b-jet” = matched (AR < 0.3) with weakly decaying B-hadron with pr > 5 GeV

Requirement Cut
Lepton transverse momentum pg > 25 GeV
Lepton pseudorapidity Inf| < 2.5
Neutrino transverse momentum pr > 25 GeV
W transverse mass mt(W) > 60 GeV
Jet transverse momentum p; > 25 GeV
Jet rapidity ly/| < 2.1

Jet multiplicity n<2

b-jet multiplicity np,=1orn, =2
Jet-lepton separation AR(¢, jet) > 0.5

Unfolding performed using Alpgen/Herwig/Jimmy MC
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Uncertainties

Gaussian nuisance parameters for backrounds ljet 2jet 1+2jet
Statistical uncertainty on the W+b-jets yield is increased by TW-+b-jet . 50 22 7.1
a factor of two with respect to all non-W bkgs fixed Statistical uncertainty 0.6 02 0.5

Systematic uncertainty 1.2 0.5 1.4
Breakdown of systematic uncertainty [%]

2. Affecting fit results (shapes) Jet energy scale 15 15 15
All the “template” systematics (b-, c-, light-jet, multijet) Jet energy resolution 14 4 8
Oth t f | ffect sh ) b-jet efficiency 6 4 5

er systematics also ariect shape: c-jet efficiency 1 1 0
Jet pr influenced by scale, resolution, ISR/FSR, MC modeling light jet efficiency 1 3 2
Jet pr influences b-tagging (CombNN) shapes ISR/FSR 4 8 3
Jet pr influences number-of-jets distribution for tt normalization MC modelling 8 4 6

Lepton resolution 1 1 0

Trigger efficiency 1 2 2

3. Affecting unfolding results (acceptance) Lepton efficiency 1 2 1

miss

Acceptance mostly affected by jet energy and b-tagging E}Eﬁss scale 3 6 2
uncertainties Ex™ pile-up 2 2 2
b-jet template 3 5 4

c-jet template 4 2 3

# 2 and # 3 evaluated by rerunning analysis chain light jet template 0 0 0
Latter two are evaluated by rerunning full analysis chain Multijet template 2 2 2

Total syst. uncertainty 24 23 20

using pseudo-experiments with systematically varied MC
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Comparison with Theory

Comparisons at particle level with 3 sets of predictions

Proton . . Parton shower, Double parton
Monte Carlo Process Precision . . .
model underlying event | interactions (DPI)
Alpgen/Herwig/Jimmy | W+b/c/light-jets | 4 flavors | NNL(')-k_(?acmr:m Yes Yes
Powheg/Pythia W+bb 4 flavors NLO Yes No
MCFM W+b+X 4 and 5f. NLO No No

Corrections: non-perturbative (parton shower, underlying event) and DPI

Correction 1 jet
0.92 £ 0.02 (had.) £0.03 (UE)

1.02 4 0.05 (stat) 059 (syst)

2 jets
0.96 £ 0.05 (had.) £0.03 (UE) <—

0.32 4 0.02 (stat) 70 ga (syst) <—

Non-perturbative
DPI [pb]

Multiplicative
Additive

Theoretical uncertainties calculated for MCFM

Scale (15-20%)
Calculated by varying scale from u/4 to 4u as done in [arXiv:1107.3714]
Stewart/Tackmann procedure used to estimate jet-veto uncertainty [arXiv:1107.2117]

DPI (15-20%)
ATLAS measurement of oeff in W+2-jets used to assign a DPI uncertainty.
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Results: W+b-jet

|
- ATLAS Data 2011,Vs =7 TeV |
— & Electron Channel 4 -
- " Combined Electron and Muon fL dt=4.61b _
_ ¥ Muon Channel ]
B MCFM 4FNS + 5FNS 7]
[ Powheg + Pythia N
IEEEEEEEEEEEE ALPGEN + Herwig (norm. to NNLO inclusive W) N




Differential Measurement

Differential: prt of b-jet (up to 140 GeV)
Background composition varies greatly as a function of pr (st, tt concentrated at high pr)
Also W+b-jets compositions varies (DPI concentrated at low pr)

1-Jet: pT in [25, 30] GeV 1-Jet; pT in [60, 140] GeV

200 500

Z [ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ]
Z 1 600 __ - Data __ Z __ rfrrrryrrrrprrrrprrr |__
‘é C ATLAS Internal CIW+b ] 2 1600 : -o-Data :
S 1400~ TeV + a1 € - ATLAS Internal COW+b ]
@) C Vs=7Te -W+C 7 o 1400 — Vs =7 TeV -]
5 - Ow+igt 4 © : Bw-c -
O 1200k det 4610 v+iig -1 5 - Ldt=4.6fb" CIW+ight -
2 - Elsingle top 3 %) 1200¢ [Esingletop 1
o COMuliet 3 S - Oltiet
o 800 [P - 9 = i
2 mwwswz 1 2 800 |z .
(0] ] [ ]
> - () _
D 400 9 @ 400 -
1

3 4 5 6 7 8 9
CombNN

0 =S4 5 6 7 8 9 10

CombNN
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Differential Measurement

Repeat CombNN fit in each bin
Use correction factors and uncertainties from inclusive measurement.
Background model reproduces b-jet pT distribution fairly well.

> . >
3 5000 ATLAS Prellm:nary ~+ Data 3 ATLAS Preliminary _,_p..
o) — - COW+b — -1 CIW+b
. o Ldt=4.61b = © L dt=4.6 b =
na SlS 5 Is=7TeV B W+ight 2 Vs =7TeV =
o . [ single top ) ) [ single top
o muon, Njet = 1 0 o muon, Njet = 2 [ Walight
" mz mz
regions = =i
EWW + WZ EWW + WZ
| ioloioioioleioielel 4 .
40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 20
b-jet P, [GeV] b-jet P, [GeV]
> . . > . .
& ATLAS Preliminary _,_ ... & ATLAS Prellm:nary — Data
© f Ldt=46f" Do © Ldt=46f" Do
% {s=7TeV = 3:/”9'6 top % Vs =7 TeV =3i,ngle top
tt CO n t ro I T 4 muon, Njet = 4 = W:ﬁgm o electron, Njet = 4 — A
Iz (] Multijet
[ ] Multijet [ W+light
regions EwWwW + Wz B WwW + WZ
60 80 100 120 140 160 180 200 60 - 140 160 180 200

b-jet p_ [GeV] b-jet p_ [GeV]



Differential Measurement

Repeat CombNN fit in each bin
Use correction factors and uncertainties from inclusive measurement.
Background model reproduces b-jet pT distribution fairly well.

;‘ [ T T ] ;‘ : T T :
I st 4 Data(ls=7Tev) | @ [ ATHAS ‘% Data (s=7 TeV) 1
2 T f Ldt=461f" ~v~ MCFM = 3 T f Ldt=461f" ~v~ MCFM ]
2 - —s=— ALPGEN ] o B —=— ALPGEN 7]
T e « 7 T A ]
N e - N 107" =
_QQ_I— ) ’ _QQ_I— e ,/ /? .
% 107 B v 3 % - ‘ /{/ ]
S C . = -
~ e+u, Ndet=1 /; 4 7 © - e+u, Ndet=2 ' =
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W+Db-jet + single-top

We also quote the Wb cross-section WITHOUT subtracting the single top,
both inclusive and differential:

*s-top is a delicate background: interesting check
eSignificantly reduced total uncertainties.

The practical implementation:

Add together single top and W+b template, treated as a single component of
the fit.

Fit the data to estimate the Wb+single top number of events.

Unfold the fit results into a fiducial cross-section, using the same region of
the W+b.

The latter step uses a response matrix built by combining Wb and single top,
assuming the relative normalization (5% additional systematic associated to
this assumption)

Systematics computed as for W+b cross-section.
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W+Db-jet + single-top

Inclusive:
oaq (1 jet) = 5.940.2 (stat) & 1.3 (syst) pb,
orq (2 jet) = 3.7+ 0.1 (stat) & 0.8 (syst) pb,
orq (1+2 jet) = 9.6 £ 0.2 (stat) £ 1.7 (syst) pb.
Differential:
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- e+u, Ndet=1 - ] . e+u, Ndet=2 9997
] et 102} T -
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Q [ Data/(IALPGIil/\HAceIrM}J) . | i S Data / (ALPGEN+AcerMC) R
S 4 i ‘ | 8 L » 2 Lok A
g I
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Conclusions

W boson + b-jets measurements have gained momentum
Precision era is starting, differential measurements can lead the way

Techniques used in W+b-jets measurements are feeding into other
analyses, where W+b-jets are backgrounds

Next steps

Differential measurements and ratios of W+b-jets
- Compare 8 TeV with 7 TeV results
Understand V+c-jets (largest background)

Understand DPI at both theoretical and experimental level <-- Necessary!
Deep connection to challenging performance issues

Low momentum jets (in pile-up conditions)
High purity b-tagging (vs. c-jets)
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Dataset, Simulation

Dataset
4.6 fb1 of 7 TeV pp collisions collected in 2011
Trigger: Single lepton (electron or muon)

Monte Carlo Simulation

W+jets, Z+jets: ALPGEN + HERWIG parton shower + JiMMY underlying event (including DPI).
Normalized to NNLO inclusive W

Top pair production (tt): POWHEG + PYTHIA (norm. to NLO)

Single top production (st): ACERMC + PYTHIA (norm. to NLO)
Diboson (WW, WZ): HERwIG (norm. to NLO)

Pile-up (additional pp interactions): PYTHIA
ATLAS detector simulation: GEAnT
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Single-top production

Single-top production mechanisms:

t-channel

Measured in very similar analysis regions:
“2-jet 1 b-tag” and “3-jet 1 b-tag”

Wi

Measured using 2 leptons

s-channel:
Limits set using “2-jet 2-b-tag” region
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ATLAS Preliminary /s=7 TeV
t-channel 1.04 fb —e——83"20pb
arXiv:1205.3130
t-channel top 4.7 fb —e— 53*11 pb
ATLAS-CONF-2012-056
t-channel antitop 4.7 fb™ —e— 30" pb
ATLAS-CONF-2012-056
Wit-channel 2.05 fb!  —®- 172 pb
arXiv:1205.5764
s-channel 0.70 fo! =4 <26 pb
ATLAS-CONF-2011-118
Theory (approx. NNLO)
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Non-perturbative corrections

Hadronization and UE correction (MCFM):

Estimated in each jet multiplicity and pT bin using particle jets in Powheg
with UE switched off.

Systematics on hadronization evaluated using Powheg interfaced to
Herwig/Jimmy

Systematics on UE evaluated changing AUET2B into Perugia2011 tune.
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Previous W+b-jet measurement

Differences
2010 dataset: 35 pb-!
Different fiducial region (WmT > 40 vs 60)
Different treatment of single top background (used MC expectation)
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Some Questions

How do you estimate the experimental MPIl uncertainties?

They affect unfolding (MPI has lower pT --> lower acceptance)

We use many variations of alpgen (Scale, PDF, MLM matching pT), and ME vs PS, which all
affect the MC pT spectrum of the whole W+b component by large amounts.

Why not use forward jets for single-top?

Larger experimental uncertainties

Larger theoretical uncertainties on st (FSR/ISR) and on Wb (unknown)
Why is the W+light fit so jumpy?

Consistency is reasonable.

No QCD shape uncertainties here (which are different for e and mu).

Irrelevant for W+b-jet result: if we fix W+light, the result is the same.
Why not differential in DeltaPhi?

Understanding the backgrounds in bins of deltaPhi is more difficult

In current analysis, bkgs are treated independently in each pT bin
makes sense since composition varies a lot from bin to bin

very little assumptions made on shapes of backgrounds

In DeltaPhi, composition is more stable, so would need to make strong assumptions
about shape of backgrounds.
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Some Questions

Why do you allow for multiple b-jets in the fiducial region?
Extrapolation is smaller than if we excluded them.

In fact most events with two b-jets fall in the 1-b-tag analysis region, so it
is natural to include them instead of subtracting them.

What is that AR(jet, lepton) cut?

Used in all V+jets analysis. Don’t want the lepton from the V to be
included in the jet energy.
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