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h-EL...-~ = |ntroduction

y = The main client: VH(H—=bb)
s

i “* oL ‘ - W+b @ 7 TeV
- Z+b(b) @ 7 TeV

= Diversion: W+c @ / TeV

= Conclusions
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i Inkroduckion

- Why is the measurement of V+HF important?

o

= Theory-wise, | guess you know ;-) , | will present what we tried to address -

analysis by analysis

= Try to address here main experimental motivation /l

- Let's concentrate on what we can measure (and have already measured)

= Idea: have two complementary talks (this and Josh’s tomorrow)

= In this talk: where we're at = what we already measured during Run 1, and

experimental motivations for measurements

= In Josh’s talk (he will illustrate this better.. ): where we’re going = plans and

first ATLAS results V+hf - related

C. Debenedetti, UCSC/SCIPP - HF@LHC workshop, Durham, 20/4/2016 3 /24



Some experimental mokivakion
o skart wibh!

MOTIVATION ﬁ



‘ The “main client” (experimen&auv)

= VH(H— bb) analysis is the main “client” Variable | O-Lepton 1-Lepton 2-Lepton
p‘{l X X
for these measurements Emiss x x x
pPr’ X X X
. . pPI?' X X X
- Z+bb and W+bb are irreducible M x x x
. . AR bl,bg
backgrounds, and the modelling of V+b is |An§b1,b2;| ’ " )
also important for a good modelling of the Ag(V, bb) X X x
: |An(V, bb)| X
control regions H x
min[A¢(¢, b)) X
my X
= ATLAS Run 1 analysis (based on full 7+8 TeV mee x
. . . MV1e(by
dataset) uses a BDT, trained in 12 different MVIEE,,Q; ’ ’ )
categories: 3 "lepton channels” (vv, 2v, £4), _ Only in 3-jet cvents
T X X X
2 or 3 jet exclusive, high and low py s x x x

Profile likelihood fit with large number of categories (including regions with only 1 b-tagged
jet or 0 tagged jets, to constrain the background normalisations) to extract the signal

e — T ————wwwes
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VH(bD) quidelines for V+HF fubure measurements

it
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

-Main Source Ofuncertainty in the |||||||||||||||||||||||||||||||||||||||||
. W-+bb, W-+cE my shape E o ﬂ
analysis comes from the V+HF  epmasn ; //ﬁy |
. o e Wi ek =z |
modelling, mainly in the W channel, - i - W+jets
g y . W-+bb normalisation i %y |'O"E
where feedback from measurement is W B sape (41 — 7 |
. Signal acceptance (parton shower :l / :'
lacking more e —1
Z+bl to Z+bb normalisation (2-jet) i — 7
b-jet energy resolution E @ ;-///
- Message to take: very important to 2085, 20t m s —o—
. . . Jet energy resolution : - ':7/ :
reduce uncertainty on the predictions: g _'g;/ g
Dilepton tf normalisation ! ®
our duty for Run 2 (see Josh’s talk) ot shpo 25 g 7 a
Z+bb normalisation : / O
‘ ¢ ¢ Jet energy scale 1 k - / s
= Relevant variables for differential 7% .
b-jet tagging efficiency 4 ' \_ar
measurement of W+b and W+bb T 7/
V ! : :
lanned for ATLAS Run 2) m,,, p+, e Pull (560
(APR bh ! Mots P ATLAS | e [uaemawig o
( / ) m,=125 GeV [] -1o Postfit Impact on i
|||||||||||||||||||||I|||||||||I|||||||||||||

2 -15 -1 05 0 05 1 15 2

N»r=»
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W+b analysis th Run 1

JHEP o6 (2013) o¥ 4




W+b - Dakasel and s%rc&@.gv

-1
= Performed on 4.6 fb of data collected @ 7 TeV

= Probing mainly following processes:

Gluon splitting b -quark in initial state Double Parton Interaction (DPI)

mé S -
/
courtesy of Y. Ninomiya

==1 b-jet = reject top bkgr ==1b-jet
. dO'ﬁd/deb
Jet multiplicities: Jet multiplicities:
1,2, and 3 jets 1, and 2 jets
T —————— ===

»\§

Ofid

b-tagging (Run 1 version, but see more in Hanna’s talk tomorrow):

= multivariate combination of different algorithms, examining IP, SV and b—>c decay chains
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W+b - Backgrounds and uncertainties

- Most background derived with data driven techniques in control regions (top, EW, QCD multijet)

- Signal extraction based on template likelihood fit to b-tagging discriminant variable

[
EBWW+Wz

Bz
EBWW+WZ

2000 1000

——

Z ||||||||||||||||||||||| [rrrrrrr1 22500 ||||||||||||||| [rrrryrrrr[rrrr

Z 5000 -e-Data < ATLAS -e-Data

€ CIW+b e CIW+b
ATLAS {s=7TeV

3 527 Tev W w-c 3 2000 B Wec

“s 4000 [ W-light s f Ldt=4.6 b [ W+light

%) det=4.6 o' [ single top %) A [ single top

c _ -tf 'S 1500 muon, NJet =2 -tf

= 3000 muon, NJet =1 CMultijet e CJMultijet

o o

» P

T 1=

(0] (]

> >

L L

1000 500

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

Sources of uncertainties (and measurement limiting factors):

= Statistics: 7-10% uncertainty
= Systematics: 20-25% mainly driven by JES/JER, MC modelling, and ISR and FSR evaluation, affecting the top

= main points to be addressed for Run 2 measurement!

N»r=»
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W+b - Cross seckion resulks

Comparison with different predictions: MCFM (5FNS), Powheg and Alpgen (4FNS)

Correction factors applied to the predictions for:
= non-perturbative effects (4% in 1-jet bin, 8% in 2-jet bin)

= DPI| (~25% of the total cross section, mainly in low momentum 1-jet bin)

Fiducial cross section comparison to predictions:

- all the predictions agree within

E 20 | |
2 [ ATLAS Data 2011, Vs =7 TeV |
= 1-jet bin: underestimate wrt data  § | ———— EtectronChanne [ra=ase -
2 — ——#—— Combined Electron and Muon - m
(~15 Sigma |ess) © 15~ —%—— Muon Channel
- —— MCFM 4FNS + 5FNS
T POWheg + Pythla
_ _ : ------------ ALPGEN + Herwig (norm. to NNLO inclusive W)
- 2-jet bin: good agreement 10l

the uncertainties

1 jet 2 jet 1+2 jet
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i W+b - Differential cross section

Difterential cross section in b-jet p; calculated with and w/o subtracting the single top
contamination (very large)

> - ATLAS | , I_ ;I - ATLAS I I ' _
s E det=46fb —+— MCFM 5 O 1t (Latedbfy -
o - —=— ALPGEN - o) - - ALPGEN W+b-jets + 3
_*QI_' = e . 2 _ AcerMC single-top 7
_c':Q_I— o A T 3 £ /f < |
O 10 I — o - B p —
B = // E a8 | ¥,
B ] 10" m =
© - e+u, Ndet=1 . 4 ] E ; . ;
. i y ] - e+u, Ndet=1 - ]
10° = B |
: /A , 2
B ; 107 R
O  4F%%% Data/ MCFM LI - .
% 2:: theor. uncertaiqnties / // / z% i i
o P = Q [ ZéZ Data / (ALPGEN+AcerliC) | ]
g 4 - %~ Data / ALPGEN ) % %%%; % 2 /é . _ 5 <
(D% 21:7 - » ? 7% g 1 - -
25-30 30-40 40-60 ~ 60-140 25-30 30-40 40-60  60-140
b-jet p_ [GeV] b-jet P, [GeV]

= Discrepancy growing as a function of p ~ but large statistical uncertainty

= Study with single top included seems to vouch for this discrepancy, with a
reduced stat uncertainty in the higher pt bins
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Z+b(b) av\aijsi;s A Kui 1

JHEP 10 (2014) 141



‘Zﬁ*b(b) - Dataset and sEro&egv

Measurement performed on same dataset as W+b (7 TeV, 4.6 tb-1)

. b 1 e aAAAN 2
b A 7 | )
‘ ) AYAYAVAY 7+>1 b-jet | M Z Y h;
| Y b is initial state parton: K b G ( b

9 B0 —— b | SFENS 7 | /+>2 b—j/et
“ Present in both 4 and 5FNS

Total cross section + large pool of differential distributions = feedback to generators

yZ, pTZl yb, prl ARZ,b, Aq)Z’bl ybOOStZ’b

y4, P14, Mbb, ARpb
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2+b(P) - Background and systematics

= Background treatment:
= top and diboson from simulation
= QCD multijet from data

- template fit to b-tag discriminant to extract signal and contribution of mis-
tagged events of W+light and c-jets

) .. | Example template fit in one of the y(Z) intervals
Dominant uncertainties and | e —

g - ATLAS R
limiting factors (to be addressed z 2500 - 1 24y(@)<t 6 ER
in Run 2 analysis): “; _,E 20005 e Data \s=7TeV, 4.6 fb™ B

w N |, W Zib .
N Z+non-b N
= Dominant systematic uncertainties 15001 = non-Z backgrounds
from flavour fit, b-tagging and JES 10001 o -
= 2 b-jet region dominated by statistical | 5001 =
uncertainties in the differential | o] .
4 R

S - 2 2 4 1
# distributions 0 6 8 0
L CombNNc
A B—
S C. Debenedetti, UCSC/SCIPP - HF@LHC workshop, Durham, 20/4/2016 14 /24



Z+b(b) - Cross section measurement

|| pataVs=7TeV, 4.6 ib" (stat.) || pataVs=7TeV, 4.6 ib" (stat.)
| | DataVs=7TeV, 4.6 ib" (stat®syst.) | | DataVs=7TeV, 4.6 ib" (stat®syst.)
NLO NLO
| MCFM® MSTW2008 —L—o——+ ] MCFM® MSTW2008 +—— o—— |
| MCFM®CTTO e ] MCFM®CT10 . 00—
| MCFM® NNPDF2.3 — — | ] MCFM® NNPDF23 — —— |
| aMC@NLO 4FNS ® MSTW2008 —_— T aMC@NLO 4FNS ® MSTW2008 ~ ——— A—
| aMC@NLO5FNS®MSTW2008 ——b— | aMC@NLO 5FNS ® MSTW2008 ~ —p— | ]
[ Lomutieg | | Omuteg
| SHERPA®CTIO A  SHERPA®CTIO A
| ALPGEN+HJ® CTEQ6LT ! S I ALPGEN+HJ®CTEQELY v | ]
ATLAS ATLAS
Z+=1 b-jet Z+=2 b-jet
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 |
0 1 2 3 4 5 6 0 0.1 0.2 0.3 0.4 0.5 0.6
o(Zb) [pb] o(Zbb) [pb]

- Different predictions compared:
= (fixed order NLO for Z+=1 b and Z+=2b, 5FNS, massless b’s)

- compared different PDF sets, within 1 sigma (th) from one another - relatively good
agreement in 1 b-jet case

= (NLO ME for Z+bb, 4FNS, massive b's)
= good agreement for Z+bb, > 2sigma off for Z+1b

= (NLO ME for Z+1b, 5FNS, massless b's)

= good agreement for Z+1b, and large underestimate for Z+bb
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b zb(b) - do/dpr?

- Differential x sections compared to same MC'’s described in previous slide + LO multi leg (shown on
plots without applying k-factors):
- Alpgen (4FNS)
= Sherpa (5FNS) 1.4.1

— T T T ;‘ o T T T I —
E 107L — : 3 107°E aTLAS  Z4a2 bijets +§§:€ﬁ v as
g_ f>>> >>>>>>\§>>>>>> ¥ -—v—% ; E._ B %/ ; :mggmtg igmg ]

S o —~= | —~ ALPGEN+HJ |

NS 107 E vk = 2N Y, % — SHERPA

EE : Tle S |

CIS [ ATLAS  Z421Dbiet ke : 3 S \

3| D ‘ | — ]
107 +\(§a t=a7Tev, 4.61fb" E - ]
- == MCFM ] B B
5 aMC@NLO 5FNS . -

- 444 aMC@NLO 4FNS ' — B ,L %
ok TR S ; ——

- | L L L oo | L L L = PR SR T SR AT S T S N | | | L
= 1 ‘ 7, m
g o2 SRR — —
1| © = & | ®© 7 /5
s T N z
0.5 | | S 0.5 W ss =

g 1.2 | | - g 1.2f ' ]

P e o e e o e o PR e — — -
Elo 0.8¢ ++++ y S 8 0.8-! - = —

9 0.6¢ * —¥— T 1 S 0.6I—v— ]

0.4 : T : — 0.4L i . . )
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Z+b(b) - do/dpr® and do/d AR(Z,D)

T

; = T T T T T L T T T = 3 — 7T ]
a> - ATLAS  Z+=1 b-jet + % Vs =" C ATLAS  Z+=1 b-jet <+ s
Q | == MCFM . 2 10k P.(£)>20 GeV == MCFM —
Q {o'E 23 aMC@NLO 5FNS—] 2 =T 23 aMC@NLO 5FNS 3
2 = ks #22 aMC@NLO 4FNS = pd - e %% aMC@NLO 4FNS
P : —%— ALPGEN+HJ < N % —~— ALPGEN+HJ ]
2 @ —&— SHERPA Sla 1L —¥— 4+ SHERPA B
Z 10? SE E =
1 ) C T
rof b u N
Lo

—_—

do(Zb)
d(b-jet p_) i
o
|||||||| I ||||||||oo| |||||||| T TTI

10 i =
| - o .:

1.4

ol 1.2 . = o

—'|E§ /ST0R T EIANARY AR R AR e aeeet — _||-a'

<o O.BZW%/ ZIo
0.6 .

> S o

fa 1.2 k5

P e e e S E

o gsb— :

30 4050 10°

b-jet P, [GeV]

MC and data agree within MCFM bad modelling because of 1 parton

, case (AD(Z,b)=mn by construction, fixed order
the uncertainty

calculation with up to 2 outgoing partons)
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Z+b(b) - do/dwpp and do/d AR(P,D)

;'102:—*||||||*—: o} O3qr——r———r——T——T T
2 - ATLAS  Z+>2b-jets + e TV, 461" S [ ATLA Z+22 b-jets +F€€KAT‘°’V’ 461" ]
s T == < BMGONLO SENS 2120.25(~ s aMC@NLO 5FNS ]
— #454 aMC@NLO 4FNS N = - %44 aMC@NLO 4FNS .
=E @ i waremy | SE O E T ALPGEN:H) -
O : Olo _ _
N v10-3_ ] - “ i |
BlE'™Y E - n .
©lo - ;{; /: 0.15— I -
i * . - % .
i N > 0.1 —
Y N N
_ RRRIIIRIINR Y 2
10% E 0.05F s 2 =
C | | Lo N B B L e e
o Z o5 i iz
_||cU Z _l|<v5 - Z
pd [ — Z0 y 41 A N
| N
S SRR L e T \
15 12, ¢ . 1 . § Y4y .
T e e e I | I e e e e
O O[ N ] o . — N -
9 8-2.'.-'.—._“.—7—.”1 ........... — 1 2 82__'___'__'__
' 50 100 150 200 250 300 350 o515 2 25 3 35 4 45 5
m(b,b) [GeV] AR(b,b)

Low AR(b,b) large discrepancy!

Testing here gluon splitting to bb!!! = very interesting to be followed up in Run 2!!

O
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‘erb(b) - Checking Pd{’s

Z rapidity most sensitive distribution to pdf's — still hard to make a
statement because of large scale uncertainties

3‘ _ T I T T T T | T T T T | T T T T | T T T T 3! 06 T T T T T T T T T T T T T T T T T T T T T T T T
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NN 4= “5% MCFM® MSTW2008  —] AN 50 S5 MCFM®MSTW2008
B2 o r—t— —— MCFM®NNPDF2.3 3 %= Tk —k— MCFM®NNPDF2.3
R 1= T —#~ MCFM® CT10 — ole - —~ MCFM® CT10 _
3 :_{ T | T ' = 0.4 —
25— ¥ —] C ]
~ - 0.3 ]
2 :_ _: = —_— —
: — - : : .
= _ & - E =l= E
05 - E 0.1— —
- 1 1 1 1 1 1 1 1 1 1 | | | | | | | | : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 4
(0] T T ] — T T T T —
§,§ 1.4F E 9,% B

T et —————t — 1-9----@----Q----@-------@Q------- @ - —
e s . - :

o 05 1 15 2 25 0 0.5 1 15 > 25
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Short digression:
a different V+HF analysis

W+e i Ruin 1
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1 W+c - Dataset, motivation and strategy

= Measurement performed on the same 7 TeV dataset

- Probe for strange PDF

= Provides info on SU(3) flavour symmetry
= is the symmetry of the sea broken by strange quark mass?

= (how) does it depend on x?

= 2 analyses to extract c-component in the final state
= soft muon tagging of the jet

= use D hadrons

= Charge correlation between W and c used for background suppression (OS-SS)

w (e, ) K

m

T

J m courtesy of Y. Ninomiya
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‘W"'ﬁ - Amatjsi;s descripktion

= Main background estimated using data, smaller via MC

3

x10° 3 —
> _l I TTTT I TTTT I |||||||| I TTTT I TTTT I TTTT I |||||||| % r I I I I . D t I I
& 1 8- ATLAS éData & 2.2 ATLAS DWaa
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i - We-jet B Z+ets 42 1.8 c-jet _ W Z+jets
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B 12 % 1.4
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= Fit mass of D+- or mass difference (D*-D )

> 5 . > Saas =
21000-W'D ATLAS 7 2 800F WD _ ATLAS E
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‘ Conclusions

= Need to revisit asap the V+b(b) measurement (in progress)

= Very complete Z channel analysis @ 7 TeV

= Less information from W+b analysis - follow up and measurement of ~ W+bb
needed!

= Very important for Higgs analysis (and not only!!! Many BSM analyses have V+b's
final states)

= Try and go as low as possible in AR(b,b) for the Z case = probe even more the
gluon splitting

- Interesting results from the W+c analysis, hinting towards symmetric light
quark sea in PDF’s - will be followed up

- ...more on plans and where we stand now and what we plan in Josh talk!

C. Debenedetti, UCSC/SCIPP - HF@LHC workshop, Durham, 20/4/2016 24 /24



‘ Conclusions

- Need to revisit asap the V+b(b) measurement (in progress)

= Very complete Z channel analysis @ 7 TeV

= Less information from W+b analysis - follow up and

= Very important for Higgs analysis (and not only!!! Many BSM analyses have V+b's
final states)

- |nteresting results from the W+c analysis,
- will be followed up

- ...more on plans and where we stand now and what we plan in Josh talk!

C. Debenedetti, UCSC/SCIPP - HF@LHC workshop, Durham, 20/4/2016 24 /24



1 Conclusions

= Need to revisit asap the V+b(b) measurement (in progress)

= Very complete Z channel analysis @ 7 TeV

= Less information from W+b analysis - follow up and measurement of ~ W+bb
needed!

= Very important for Higgs analysis (and not only!!! Many BSM analyses have V+b's
final states)

= Try and go as low as possible in AR(b,b) for the Z case — probe even more the
gluon splitting

- Interesting results from the W+c analysis, hinting towards symmetric light
quark sea in PDF’s - will be followed up

- ...more on plans and where we stand now and what we plan in Josh talk!
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i Z+bb - differential cross sections

Ditterential cross section in b-jet pt calculated with and w/o subtracting the single top
contamination (very large)

l;' F T T ] r— F T T T ]
o [ ATLAS ‘4 Data (/s=7 TeV) 1 > [ ATLAS L& Data (627 ToV ]
S T f Ldt=4.6 b —+ MCFM - ot p Z& Data (fs=7TeV) ]
Q¢ = ALPGEN - S - | Ldt=4.61b ALPGEN W-b-jets +
El_l 101 . Qo — AcerMC single-top -
& - - [
O Z ‘( ] = -1 ]
= N { ¥ . QQ_"1 0 2 AL 74 s
° [ v i 2t » .
- e+u, NJet=2 a '8 - = ]
/
10-2__ } -,é . e +M, NJet = 2 7 A
= A /
u — 102 =
Q 3 %% Data/ MCFM = N i
I o theor. uncertainties P 4/ L B |
J= y LSS IA / 7 o . . |
- - i Data / (ALPGEN+AcerMC
Q  3f <%~ Data/ALPGEN E = 2_—% ( ¥ ) ik
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=Discrepancy growing as a function of pt, but large statistical uncertainty

= Study with single top included seems to vouch for this discrepancy, with a
reduced stat uncertainty on the higher pt bins
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iz,-r-b(b) - further info

« Z+b probes b-quark content of

proton Figeees] B O10FATAS  Zeet bie =5
Eﬁ::’%ﬁ'ﬁg % »+?i.:7Tov.l.6b"
« Z+bb background for Higgs k. = icSmosms
associated production and BSM 32 of
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. . bret Iy A¥Z.b)
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courtesy of B. Brau
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iWﬂ‘:‘ - Ts

m Determine strange suppression rs using HERAPDF1.5 set,
best fit value:

0 re=05(s +s)/d="f/(1-f)=096" >10+0-21

ATLAS Q% =mg,

HERAPDF1.5 + ATLAS Wc-jetWD'* data
B ATLAS-epWZ12
§RRRN" HERAPDF1.5

PR |

10° 102 10"

m ATLAS Wc-jet/WD(*) data favor a symmetric light-quark sea in
agreement with inclusive W, Z fit (ATLAS-epWZ12)

courtesy of Y. Ninomiya
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‘ VH(HbD) - modelling uncertainties

N»r=»

Signal

Cross section (scale)
Cross section (PDF)

1% (qq), 50% (g9)
2.4% (qq), 17% (gg)

Branching ratio 3.3 %
Acceptance (scale) 1.5%-3.3%
3-jet acceptance (scale) 3.3%-4.2%
p¥. shape (scale) S
Acceptance (PDF) 2%-5%
p¥. shape (NLO EW correction) S
Acceptance (parton shower) 8%—-13%
Z+jets
Zl normalisation, 3/2-jet ratio 5%
Zcl 3/2-jet ratio 26%
Z+hf 3/2-jet ratio 20%
Z+hf/Zbb ratio 12%
A¢(jet17jet2)7 p¥7 Mpb S
W+jets
W1 normalisation, 3/2-jet ratio 10%
Wel, W+hf 3/2-jet ratio 10%
Wbl /Wbb ratio 35%
Whbe/Wbb, Wee/Wbb ratio 12%
Ad(jety, jeta), PY, M S
tt
3/2-jet ratio 20%
High/low-p¥. ratio 7.5%
Top-quark pr, mpp, E%ﬂss S
Single top
Cross section 4% (s-,t-channel), 7% (W)
Acceptance (generator) 3%—52%
M, P S
Diboson
Cross section and acceptance (scale) 3%—29%
Cross section and acceptance (PDF) 2%-4%
mpp S
Multijet
0-, 2-lepton channels normalisation 100%
1-lepton channel normalisation 2%-60%
Template variations, reweighting S
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