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Motivation

BEH discovery essentially involved bosons only (even if in part through
couplings to fermions) " opportune to focus on fermions now!

© extra particles in loop!?

< non-SM couplings!?

Type-2 2HDM:

SM particle type h coupling | H coupling | A coupling
COS & sin o
up-type quarks sin sin 3 cot
_ - _ Sina COoS o
down-type quarks, ¢ c0S 3 c0S 3 tan g
W, Z bosons sin(f — «) | cos(B — ) 0




o(pp — H+X) [pb]

Motivation

BEH discovery essentially involved bosons only (even if in part through
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Challenging analyses
< most sensitive (H = T*T-, bb) use all the available sophistication (MVA)

< analyses use full Run-1 dataset; will show essentially no 2011 results
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High production cross section & decent branching fraction... but many T
decay modes involving V present significant complications

Strategy: after preselection, optimise separately in

© TiepTiep, TiepThad, ThadThad decay modes

© VBE boosted ggF (pr(H) > 100 GeV) V H
production modes -
V
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High production cross section & decent branching fraction... but many T
decay modes involving V present significant complications

Strategy: after preselection, optimise separately in

© TiepTlep, TlepThad, ThadThad decay modes < 0.22

[T I I I | I I I I | I I I I I I I ]
8 0 2:_ ut,., + er,, VBF ATLAS E
< VBF bo?Sted ggF (pr(H) > 100 GeV) o F o Mo Z—T0) =924 GeV -
production modes ~0.8- H(125)>tr  MpeaH—T) =123.2 GeV
Tools: 0.161 FWHM/m . ~30%
' 0 0.14F =
© Missing Mass Calculator: 50100 -
under-constrained system S o1 B
improving mrr measurement 8 008" E
© “embedding”: in data Z/y* DU 0.061 E
events (myy >40 GeV), replace M with 0.04F &
simulated T 0.02/- =

© BDT analyses in all 6 categories 5% 100 150 500
* exploiting VBF/boosted event kinematics mMMC [GeV]
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H <: H - 11 (3)

Results extracted using profile likelihood ratio fits

Ap) =L (u, 3(#)) /L (ﬁ, 5)

/ N\

assumed signal strength ~ best-fit nuisance parameters for given U

¥~ global maximum of L

Dominant uncertainties:

© jet energy scale & resolution (= 10%, mostly signal)

© Thad identification (s 7%, signal + bg)

< higher-order QCD corrections (~ 10% VBF signal, ~20% boosted ggF signal)
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Results: © observed discovery significance:
© grand combination: 4.50 (expected: 3.40)

p= 143105 (stat.) To 52 (syst.) £ 0.09(theory)

: ATLAS ~olstatistical) Total uncertainty
< Separate VBF / ggF Slgnal Stl’engths: m,, = 125.36 GeV —o(syst. excl. theory)

lger = 2.0 + 0.8(stat.) T35 (syst.) & 0.3(theory) e[

UVBE+VH = 124__|_81%(Stat fggé(syst) mm 0.08(theory) Boosted w=2105 %65 | | |
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Entries / 2.5 GeV

Pull

“Simple” analysis but made difficult by low branching fraction and

H — u+u.

overwhelming Z/y" = p*u- background

© categories similar to H = 77T VBF/ 3 separate pt(H) bins
© result: observed Y < 7.0 (95% CL) (expected: 4 < 7.2)
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Due to QCD bb background, little hope to observe in ggF production; use W/Z

associated production.

“Simple” topology but separate analyses in many categories!

© |leptonicW/Z decays: Z VvV, W = [v,Z =l (| = e, Y)
< events with 2 or 3 jets (with |n| < 2.5, pt > 20 GeV)

: T ATLAS Simuation | A pesoutions (o,
< 2 p1(V) regions (120 GeV boundary) S 01 fnavi H b MG ;N Rosoluons
. < - 2/e.p.,2 jc?ts,Zb-tags .;4 Y. 114 GeV
© O-lepton: pt(Z) > 100 GeV (trigger) 3 0.0g|- Py inetusive T
o) B '
> L 1 \ S
2'|ept0n Channel: kinematic ﬁt to . 0.06/— o Giobal Sequential Calib. (GSC) A
o R = + Muon-in-Jet Correction L l.
Improve mass reSOIUtlon 004—_ +I\K/Iinemati;:ll_tikelihootd Fit i‘
< 0, |-lepton channels: dedicated b-jet correction - ;
: 'A' ‘A'\
O-lepton channel: improve multijet rejection T A SUTERIR T - YV
. . . 0 20 40 60 80 100 120 140 160
using both calorimeter & track based Et(miss)
100% 80% 70% 50%
© consistency check: A@(pt(miss), Et(miss)) < T1/2 = - -
Analysis binned in discriminant output of b-jet tagger with = z
improved c-jet rejection (after loose b-jet requirement): .
© Loose (80%), Medium (70%), Tight (50%)
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Extensive background modelling required (only small multijet background

H — bb (3)

estimated using data driven methods)

© SHERPA modelling of pt(W) distribution improved by reweighting AQ(ji, j2)

© applied to

W+, W+cl
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< similar reweighting carried out for (SHERPA) Z+jets background
© AQ(j1, j2) reweighted for Z+l; directly pt(Z) for Z+b, Z+c

© pr(t) spectrum in tt reweighted to bring it in agreement with measurement
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BDT output distributions in most discriminating O-, |-, 2- Iepton regions

1 05 T I LI I T I LI I T T T I I+ Data 2012 T I T T % ﬂ- I LI I T T T I T T T I T T T I I+ Data 2012 T I T I: e I I T I T T T I T T T I I+ Data 2012 T I
ATLAS mm VHbb) (=100 1 S ATLAS mm VH(bb) (u=1.0) - S 1o ATLAS I VH(bb) (1=1.0)
L[ Vs=8TeV [Ldt=2031b" [ Biboson 1 % 10°E {s=8Tev [Ldt=2031b" g ooson - > is=8TeV [Ldt=20.3 b g ooson
10 0 lep., 2 jets, 2 Medium+Tight tags = Single top _§' *qc: 1 lep., 2 jets, 2 Tight tags == Single top E % 2lep., 2 jets, 2 Medium+Tight tags =3 Single top
pY>120 GeV [ Multijet 3 > pY>120 GeV 1 Multijet n > 3| pY>120 GeV I Z+hf
T B W+hf 4 w4 T B W+ht - w 10 T [ Z+cl
103 I W+cl —= B Z+hf E O Z+l
Il Z+hf E ©Z22 Uncertainty = 7222 Uncertainty
I Z+cl I3 T TTTmOMLe. e Pre-fit background ;P P Pre-fit background
1 Z+ . 102 = VH(bb)x20 - 102 = VH(bb)x20
102 Uncertainty = W E e kg E
----- Pre-fit background 3 =
=== VH(bb)x10 3 ]
10 10 = 10
1 1 : 1
10 10 10
2 - T ‘ T 'o 2 ETTT ‘ ‘ T ‘ ‘ 'O 2 ‘ ‘ ‘ T ‘ 1T ‘ 1T ‘ ‘
156 + © 15 S 15
1-0’+~0—-+~0~0» *+ # # G IS & | PPN o & 1%%»»»»»»»*%}» AAAAAL
E © [0 ———0— 3
0.5E z 0.5F 3 T 0 \ \ \ ! 3
0-1 —0.8 -0.6 0 . 0 > 0 0 2 O 4 0 6 O 8 1 e 0-1 —0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 = 0-1 -0.8 -0.6 -0.4 —0 > 0 0 2 O 4 0 6 O 8 1

BDT,,, BDT,,, BDT,,,

Systematic uncertainties obtained mostly from generator comparisons (bg),
theory (signal). Dominant contributions and impact on signal strength estimate:

< W+HF m; shape (0.06),W+bl/bb ratio,W+bb normalisation, W+HF pt(V) shape
(0.05), Z+bl/bb ratio, b-jet energy resolution (0.04)

< signal: effect Yr, Ur scale variations on acceptance (0.04)



ATLAS  s=7Tev, [Ldt=4.7 fb™"; Vs=8 TeV, [Ldt=20.3 fb™

| H = bb (5)

Profile likelihood fit (as in H = T*T" analysis): -t :

stat. tot (stat syst)
ton |— p———m . +0.88 +0.72 +0.50) |
U = 0511_8::33%) (Stat. )__l_(())gg (SySt) 2lep 0.947 379 (Zoes —oa1)

+ 0.66 +0.50 +0.43
T k—e—n 1177 700 (048 T037) —

< significance: .40 (expected: 2.60) ! leptor
¢ B <1.2at95% CL (expected: 0.8) ol e 03538 (1G5 135 -

Combination [~ 1=e—1 0.51+040 (+031+0.25)

Cross-check analysis done searching for “037 (Z030 -022

W/Z+Z—bb events 10 1 2 3 4 5 6 7

best fit u=o/c_ for m =125 GeV
SM

< 5 times larger cross section; softer pt(Z£) spectrum

Lc) 105 El— T I 1T I LI I T T I 1T I 1T I 1T IDItI 2I0|12I TT I -lE & T I 1T I 1T I T T I 1T I 1T I 1T IDaltal 2I0|12I T T I ™ 8 I I I 1T I I I 1T IDaltal 2I0|12I T T I I_
A = —e— Data 3 | —o— | —o— -
S = ATLAS mmm VH(bb) (1=1.0) 1 o 10° = ATLAS M. VH(bD) (1=10) 5 S ot ATLAS . VH(bb) (1=1.0)  _]
P T Vs=8TeV [Ldt=20.3fb" = ¥ 1 & = {s=8TeV [Ldt=20.3fb" = ¥ = > s=8TeV [Ldt=20.31b" = v 3
g 10*E 0 lep., 2 jets, 2 Medium+Tight tags gmm Single top — E [ 1lep., 2 jets, 2 Medium+Tight tags pgmy Single top ] *GE; 2lep., 2 jets, 2 Medium+Tight tags gy Single top .
> E pY>120 GeV I W+hf 3 > pY>120 GeV [ Multijet > 3| pY>120 GeV B Z+hf
w T ) W+l - W 1o 7 B W+hf — w 10 T I Z+cl =
B I Z+hf T = I W+cl = T Z+ =
B I Z+cl 7 - W+ 3 771 Uncertainty —
3 o Z+ — » B Z+hf N o S Pre-fit background ]
10

271 Uncertainty 3 B 77271 Uncertainty T 102 = \/H(bb)x40 =
..... Pre-fit background - 1 03 =««« Pre-fit background _| 3
w VH(bb)x30 1 'V E mtemetes s \VH(bb)x50 E 3

102 E ] 10

. 10° E
E 1
10
1 0 1 0-1
1 Ll

'o -c F T T T L L T . 'O F T T T L LI LI T T LI LI LI T 3
8 8 1.oF \ \ \ \ \ \ \ \ \ E 8 1.5F \ \ \ \ \ \ \ \ \ E
o o x::rfﬁrrm m/ﬂ; SALEAAAERAAESE IS AEES S ARSI AN L L0 T o f—rroﬁﬁ mrrpmmmnmnnnmsmn o FTTT NI T e a ot caahpphp g hmp A A AN A A ///////792
~ = 17 LLL LGS ++ ,,,,,,,,,, N A ~ 1: e g + dddler:
o EI: - E 8 g S S E
8 0.5:\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\: 8 0.8:_\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\_: (OU 0.5:_\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\:
-1 -08 -06 -04 -02 0 02 04 06 08 1 -1 -08 -06 -04 -02 0 02 04 06 08 1 -1 -08 -06 -04 -02 0 02 04 06 08 1

BDT,, BDT,, BDT,,
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H — bb (5)

f ATLAS  s=7Tev, [Ldt=4.7 fb™"; Vs=8 TeV, [Ldt=20.3 fb™
Profile likelihood fit (as in H = T T analysis): - ot (stat syst) |
/,1/ — O51+(0)::33]O.(Stat)—|—g§g(syst) 2 lepton | P—o—+ 0941’333 (tggg tgi?) |
. . | . epton |— 17+0.66 (+050 +0.43y
< significance: .40 (expected: 2.60) e e MTos ods S0
© M < 1.2at95% CL (expected: 0.8) olepron - w—e 035705 (104s Toz7) -
. R ombination — 0_51+0.40 +0.31 +0.25\ _|
Cross-check analysis done searching for Combnaton = e 051 g5 (Zoz0 “oz2)
-1 0 1 2 3 4 5 6 7
W/ Z+Z—’ bb events best fit !.L=0'/0'SM for m =125 GeV

< 5 times larger cross section; softer pt(Z£) spectrum
© separately trained BDTs (SM W/Z+H “background”)
< results:

® vz = 0.74 £ 0.09 (stat.) £ 0.14 (syst.)

® simultaneous fit of U, Pvz does not affect the measured [ (correlation between
systematics only 35%)
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Process provides tree level access to Htt coupling

© H — Yy decay mode: tiny branching fraction (2.3 - 10-3), but very low
background which can be estimated from myy sidebands (except
contributions from other H — Yy decays)

< selection kept inclusive to allow tHgb and tHW contributions
- sensitivity to relative sign of Htt and HWW couplings, due to destructive

interference in tHWV final state

g > t g |44
n———)———H N
~H
) > W b t

< similar interference for tHgb production
® parametrise Htt coupling using additional factor K
© |loose tt selection for both |+jets (“leptonic’) and hadronic final states

< but tight photon selection

s



Events /5 GeV

. tTH (2) :

Results obtained from unbinned fit to myy spectrum assuming signal +
exponential background

L L > L L > L I L
5 —4— Data ATLAS ] G 5L+ Data ATLAS J S 5L+ Data ATLAS -
- —— Background fit \_E:?Tevﬂ_dt=4.5 fo’ . g - —— Background fit \_@=7Tevﬂ_dt=4.5 fo . g - —— Background fit \_@=8TeVﬂ_dt=2o,3 fo”’ .
4'_ ttH, H — yy, m,=125.4 GeV _] = 4'_ ttH, H — yy, m,=125.4 GeV ] = 4'_ ttH, H — yy, m,;=125.4 GeV _]
e w=1.4 _ . o e u=1.4 _ . o I w=1.4 _ -
C 7 TeV leptonic category Lﬁ C 7 TeV hadronic category U>J C 8 TeV leptonic category
3 ] 3 ] 3 .
2 ] 2 ] 2 .
1 :— —— —: 1 :— —— —— —— —: 1 : .." *‘»— ——
P I RS HE O T B S, '|||||' I IR R SR RS S
110 120 130 140 150 160 110 120 130 140 150 160 110 120 130 140 150 160
m,, [GeV] m,, [GeV] m,, [GeV]
> 1271 Vv 1T T T
E d o o . I 20 I 30 G V . 8 :%Data ATLAS i
Xpected composition In — eV range: o o . GeesTvpd-0stt
2 - ftH, H — yy, m, = 125.4 GeV -
< background from fit 28T grevnadomccategoy
LIJ —
6F .
< signal composition.dominated by processes £ E
° ° ° B —
involving Htt coupling o A e e
——
| L |

I I T0 720 130 140 150 160
- ( \ m,, [GeV]
Category Ny | egF VBF WH ZH |(ttH |[tHgb WtH
7 TeV leptonic selection | 0.10 | 0.6 0.1 149 40 [726 || 53 2.5 || 0.5%)2
7 TeV hadronic selection | 0.07 | 10.5 1.3 1.3 1.4 1809 || 2.6 1.9 0.5’“825
8 TeV leptonic selection [0.58 | 1.0 02 81 23 [803 || 56 2.6 || 09799
8 TeV hadronic selection {049 | 7.3 1.0 0.7 1.3 (84.2 \3’4 2.1 ) 2.7*8'3

S %
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t
Results:

< best-fit signal strength:
1= 1.4757(stat.) 05 (syst.)
© not far less precise than result
obtained using ttH —bb (1.5 £ I.1)

< fixing other H — YY contributions

to SM: - 06
peen = 1.3773(stat.) TG (syst.)

© HeH < 6.7 at 95% CL

Interpretation of PuH in terms of K
< also interference with VWV boson
loop in H = Yy

< significant constraints imposed
especially on negative values:

-1.3 <K, <8.0at 95% CL

Expectation w.r.t SM

-2AIn(L)

10"
102
103

10

at
I
_—
)
P

2

Y

E
=3

ATLAS

{tH, H — yy

(s=8 TeV m,, = 125.4 GeV

L | L L L ; L L L | L L L | L L L

-2 0 2 4
Ky

: | T T T | T T T :
= ATLAS E
= 2011-2012 -
= [Ldt=45 fb' Vs=7 TeV =
= [Ldt=20.3fo", Vs =8 TeV E
5 m,, = 125.4 GeV E
o L o ]
-2 0 2 4 6 8 1

Ky
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Conclusion & outlook

After the BEH boson’s discovery, ATLAS Prelim. |—o(stat)  Total uncertainty
tremendous progress has been made in mH=12536?e‘)’ —olieor) | =loonu
constraining its couplings to fermions H— vy "o ba
W= 11792 e R

No significant deviations from SM H-2Z' a3 =
predictions observed yet... but the w=1.44% 5 o5 ;
search continues! H— WW* — by [0 -
© systematic uncertainties becoming w=1.091023 033 P_ﬂ

important in many analyses ~

W,Z H — bb 163

< but higher statistics promised for 05048z e

Run 2 will definitely help to improve il il RS DU DI

ATLAS-CONF-2014-061

precision H— 183 =T
W= 1.4104188 1
NN NS SEVRRDUR i B
t f 0 05 1 15 2
H Vs =7 TeV [Ldt = 4.5-4.7 fb"! .
H Vs =8 TeV [Ldt =20.3 fb” Signal strength (u)
s=8TeV fLdt= 20. released 12.01.2015

(incomplete) list of channels
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H — T'T:generators

Signal (mpy = 125 GeV) | MC generator T/EB:R8 [p”})(]a\/

geF, H — 77 POWHEG [36—39] 1.22 NNLO-+NNLL  [42-47, 7§]
+ PyTHIAS [40]

VBF, H — 77 POWHEG + PYTHIAS 0.100 (N)NLO [|51-53, 78]

WH, H— 71 PYTHIAS 0.0445 NNLO [56, 78]

ZH, H — 711 PYTHIAS 0.0262 NNLO [56, 78]

Background MC generator (\I/EP;RS [p”;)i\/

W(—=tv), (£ =e,u,T) ALPGEN [71]4+PYTHIAS 36800 NNLO |79, 80]

go/ éé\jff'z’w oy | ALPGEN|PYTHIAR 3910 NNLO  [79, 80]

120/ éé:fii’w < 60 GaV ALPGEN+HERWIG [81] 13000 NNLO |79, 80]

VBF Z/v*(— 4¢) SHERPA [82] 1.1 LO [82]

tt POWHEG + PYTHIAS 2537 NNLO-+NNLL [83-88]

Single top : Wt POWHEG + PYTHIAS 227 NNLO [89]

Single top : s-channel POWHEG -+ PYTHIAS 5.6 NNLO [90]

Single top : t-channel AcerMC [74|+PYTHIAG6 [67] | 87.81 NNLO [91]

qq — WW ALPGEN-+HERWIG 54T NLO [92]

g9 — WW GG2WW |[73]+HERWIG 1.41 NLO [73]

WZ,ZZ HERWIG 307 NLO [92]

H—WW same as for H — 77 signal | 4.71
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H — T°T:embedding

In data Z/Y" = Y- events (mpy > 40 GeV), replace Y with simulated T

< also requires removing energies deposited in the calorimeter by the muon

Technical test replacing the real muon with a simulated one

g 0.35F L L I T T T T
c B Z%
5 - up
> 03_ -0 —
5 a _
5 0.25F | paa ]
0.2 _+_ Embedded Data
0-155— - ATLAS ‘
0.1 -
- -o- ]
0.05F o —
B -0 ]
O:O_I R B _IO_'I-O_I_O'I"_OT‘—OI—O—G)—@—b—()—KH-O:
© 1.2F T T T T T T [ T T T [ T T T [ T T T3
S 1.1
\_ 1 PN N~~~ N 2 W2 g =L G S s S W W | —(l)—'—dl)— L=
S OO T o= T
E 09
0.8 Lo oo b b by by
0 2 4 6 8 10
I(E;, 0.3) - p:*_ [GeV]
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H — T1:BDT variables

VBF Boosted
TlepTlep TlepThad ThadThad TlepTlep Tlep Thad ThadThad

Variable

mMMQ

[ ] [ ] [ ]
TT

AR(Tl, 7'2)

An(j17j2)

mjlan

77]1 X 7732

Total
Pt

Sum pr ° °

p%l /p%2 ° °

ET"*¢ centrality ° °

m£7£aj1

m£1 7‘62

Agb(gla €2)

B _ LiPP]

Sphericity

Zj ‘5j|2

I
pr

J1
Pt

RIS

m ® [

min(Ane, ¢, jets)

Cm P (7761) ) Cm M2 (77€2> e

7 . _4 1 ?
Cnils((m)) - Cima (1) = exp <( 2 <77 —5lm+ 772)) )

nm — 12
0771 2 (777'1) ®

Cony o (117, ¢
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H — 17771 fake T contribution

Substantial contribution from fake
Thad candidates "» data driven estimates

© TiepThad decay mode: fake contribution from

W/ Z+jets, ttbar, multijet (M]) events

© “fake factors” applied to samples with
Thad satisfying only looser criteria, as a
function of p1(T) & separately for
|-/3-prong Thad
< different for quarks and gluons =

evaluated for separate contributions,
combined weighted by expected fractions

< similar procedure for ThadThad mode,

modelled using Thad failing isolation /
opposite-charge requirements

Small fake lepton candidate contribution

© estimated from sample with inverted
isolation requirement

23

Events / 20 GeV

Events /0.15

240F

T T T T | T
2203_mhad + er, 4 VBF | ATLAS —f
- {s=8TeV,20.3 b’ —¢— Data E
2005 W+jets — 50 x H(125) -
1 80;_Con’[rol Region B Z- -
160F Bl (f+single-top
- I Others E
1 405 I Fake t ]
120F 7/ Uncert. E
100? i
80F -
0" MT>70GeV
40:
20;
0 100 200 300
mTMCMC [GeV]
1 T T T I T T T T I .
1200'_thad17had Rest | ATLAS B
- Vs=8TeV,20.3fb’ Pre-fit
—¢— Data
10007 — 50 x H(125) ]
4 M Z- i
800 Il Others .
I Fake ©

600 -9 722 Uncert. |

400

events failing
200f VBF / boosted

categorisatia
00 0.5 1

1.5
An(tT)



Events /0.11

H — T"T:validation of BDT response

250_I T T T | T T T T | T T T T | T T T T

[ ee + ey + uu VBF ATLAS 1 23000F,,, + er,, Boosted  ATLAS 1S 5OOL ThedTas VBF ATLAS N
i 15 - . - i
- Vs=8TeV, 20.3fb" —¢- Data 1 < - (s=8TeV,20.3fb" —¢- Data 1 % - (s=8TeV,20.31b" —¢- Data .
200 —50x H(125) | L2500 —50x H(125) "qc: i —50x H(125) ]
w: Wz 18 | - 1 2 400 oz .
- I (t+single-top Lﬁ : I (t+single-top L I Others -
150 Il Others _ 2000~ Il Others B I Fake © i
i I Fake lepton i - I Fake © i 72 Uncert. B
_ 7 Uncert. i 1500 7 Uncert. - .
100+ Z— 1t — N Z— 1t ] Mass Sideband ]
i Control Region ] B Control Region ] Control Region i
3 . 1000 —_ ]
7 . C ’ il
1 5001 . g

0 C T R R ] 0
-1 -0.5 0 0.5 1 -1 0.5 1 -1 -0.5 0 0.5 1
BDT output BDT output BDT output

BDT outputs validated in regions with significant Z = T°T" / fake Thad
contributions

< my, mir ~ Mz region (TiepTiep, TiepThad)

< mr(MMC) sidebands (ThadThad)
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Dominant uncertainties —

H — 77T results

Background normalisations

\

Channel | Background Scale factors (CR)
VBF Boosted
Tlep Tlep Top 0.99 + 0.07 1.01 &+ 0.05
Z — ee 091 + 0.16 0.98 + 0.10
Z — 0.97 £ 0.13 0.96 = 0.08
TlepThad | 1OP 0.84 = 0.08 0.96 = 0.04

25

> n modelling of JES

BR(H — )

Normalisation of Z — T, T
ep had

Tau energy scale response
Flavour response of JES
Flavour composition of JES
Underlying event

Normalisation of Z — T, 2qChad

Normalisation of t/tt background for
boosted category in Ty6pThag channel

Luminosity

ATLAS
[s=7TeV, 4.5 fb™
/s =8 TeV, 20.3 fb™

Impact = Au/o,

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

)

:

b

)

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

/.

P

%

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

b\

@

/
A\

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

D)

2\

+10 Post-fit Impact on u

-1o Post-fit Impact on n

2 -1 0 1 2 3
Pull = (6 - 6,)/A8




H — bb: generators

Process Generator
Signal*)
qq — ZH — vvbb/llbb PYTHIAS
99 — ZH — vvbb/llbb POWHEG-+PYTHIAS
q¢ — WH — fvbb PYTHIAS

Vector boson + jets

W — blv SHERPA 1.4.1
Z[vyk — L SHERPA 1.4.1

Z — Vv SHERPA 1.4.1
Top-quark

tt POWHEG+PYTHIA
t-channel ACERMC+HPYTHIA
s-channel POWHEG-+PYTHIA
Wt POWHEG-+PYTHIA
Diboson*) POWHEG-+PYTHIAR
WWw POWHEG-+PYTHIAS
Wz POWHEG-+PYTHIAS
YA POWHEG-+PYTHIAS
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H — bb: cuts & BDT variables

Variable Dijet-mass analysis || Multivariate analysis Variable O_Lepton LLepton 2-Lepton
Common selection PTV X X
prv [GeV] 0-90 90(*)-120 | 120-160 | 160-200 | > 200 || 0-120 | > 120 Erpiss X X X
AR(jetq,jety) 0.7-3.4 0.7-3.0 0.7-2.3 0.7-1.8 <14 > 0.7 (pTv<200 GeV) p% > % %
O-lepton selection p%‘g « X %
miss
A(b(ErTnlss,g%lssvec) < m/2 < m/2 < m/2 AR(by, by) > X >
min[A¢(EL, jet)] NU - > 1.5 NU > 1.5 IAEra(by,bs)| > X
. .. 9
A¢(ET ss_dijet) > 2.2 > 2.8 > 2.8 A¢(V, bb) % % >
Njet:2(3> jet, A
T P [GeV] > 120 (NU) > 120 (150) > 120 (150)  |AETa(V,bb)| X
i=1
See text - - HT Ad(L.b X
1-lepton selection mlvl‘l/[ ¢< ’ )] X
m X
my [GeV] < 120 — T
Hr [GeV] > 180 - > 180 - Mee X
ETmiSS [Gev] —_ > 20 | > 50 — > 20 MVlC(bl) X X X
2-lepton selection M Vlc(bz) X X X
myp [GeV] 83-99 71-121 Only in 3-jet events
ER'SS [GeV] < 60 — p¥t3 > > >
Mpbj X X X
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v

Impact of nuisance parameters

Yields scale factors

Process

Scale factor

tt 0-lepton
tt 1-lepton
tt 2-lepton
W bb

Wel

Zbb

Zcl

1.36 =0.14
1.12 4+ 0.09
0.99 £ 0.04
0.83 =0.15
1.14 +0.10
1.09 = 0.05
0.88 = 0.12

>

W-+bb, W+cE m; shape
(p‘T’ > 120 GeV)

W-+bl to W+bb normalisation
(p‘T’ > 120 GeV)

W+bb normalisation

W+HF p¥ shape (3-jet)

Signal acceptance (parton shower)
Z+bl to Z+bb normalisation (2-jet)
b-jet energy resolution

Z+bb, Z+ct m; shape

Jet energy resolution

Dilepton tt normalisation

W+HF p¥ shape (2-jet)

Z+bb normalisation

Jet energy scale 1

b-jet tagging efficiency 4

ttbar high p¥ normalisation

ATLAS
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H — bb: results

Aji
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H — bb: results

Separate 7, 8 TeV measurements; combination of O-lepton, 2-lepton channels

ATLAS  |s=7Tev, [Ldt=4.7 fb™ Vs=8 TeV, Ldt=20.3 fb’ ATLAS  \s=7Tev, [Ldt=4.7 fb™ Vs=8 TeV, [Ldt=20.3 fb
T T T | T T T | T T | T T T | T T T | T T T | T T T | LI | LI LI | LI | T T 1771 | LI | LI | T T 1771 | T T
L — tot. | L — tot. |
stat. tot (stat syst) stat. tot (stat syst)

v e SR (1R 108 - pii e 00T (CRHGE)
L 0.43 0.33 +0.28\ _| L - 0.65 050 +0.42\ _|

8 Tev 1 0.657 0.40 (7 0.32 i 0.24 ) WH ¥ 1 1117 0.61 (7 0.48 i 0.38 )
Combination — 1-o1 +0.40 +0.31 +0.25 \ — Combination — 1-o-1 +0.40 +0.31 +0.25 \ —

0.517 0.37 (7 0.30 -0.22 ) 0.517 0.37 (1 0.30 -0.22 )
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 | 1 1

-4 -2 0 2 4 6 8 -1 0 1 2 3 4 5 6 7
best fit u=o/c__for m =125 GeV best fit u=o/c__for m =125 GeV

SM SM
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Events /0.1

Data/Pred

H — bb (4)

BDT output distributions in most discriminating O-, |-, 2- Iepton regions

1 05 T I I I LI I T I I+ Data 2012 T I T T % ﬂ- I LI I T T T I T T T I T T T I I+ Data 2012 T I T T I: 9 I I T I T T T I T T T I I+ Data 2012 T I T T T
AT’-AS mm VHObb) (1=10) 3 O AT’-AS m VH(bb) (1=1.0) S 1ot AT’-AS I VH(bb) (1=1.0)
L[ Vs=8TeV [Ldt=2031b" [ Biboson 1 % 10°E {s=8Tev [Ldt=2031b" g ooson - > is=8TeV [Ldt=20.3 b g ooson
10 0 lep., 2 jets, 2 Medium+Tight tags = Single top _§' *qc: 1 lep., 2 jets, 2 Tight tags == Single top E % 2lep., 2 jets, 2 Medium+Tight tags =3 Single top
14 [ Multijet - v ] Multijet — 14 B Z+hf
. p.> 120 GeV B Wihi 3 u>J ; 03 p.> 120 GeV B Wih ] Lﬁ 1 03 p.> 120 GeV o Zvcl
I W+cl Hl Z+hf 3 1 Z+l
10 m Z+-;|f E U;certainty 3 U-:lcertainty
I Z+cl I3 T TTTmOMLe. e Pre-fit background ;P P Pre-fit background
1 Z+ . 102 = VH(bb)x20 102 = VH(bb)x20
102 Uncertainty = W E e kg _E'
----- Pre-fit background 3 =
= VH(bb)x10 3 ]
10 10 = 10
1 1 ¢ 1
10" 10 10"
2 - T T ‘ T T _o 2 ETTT ‘ ‘ T ‘ ‘ _O 2 ‘ ‘ ‘ T ‘ LI ‘ LI ‘ ‘
1.5F + S 15 S 15
1~0’+++~0*+ *+ # Sp AR e | s e 1-o———o——o— +%
0.5F £ 05E £ 05F o %
-o g Il ‘o“ .0 g Il Il Il 11 g 8 -o g L1 1 ‘ L1 1 ‘ L1 1 ‘ L1 1 Il ‘ Il 'l g
-1 —0.8 -0.6 0 4 0 2 0 0 2 0 4 0 6 0 8 1 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 -1 -0.8 -0.6 -04 -0 2 0 0 2 0 4 0 6 0 8 1

BDT,,, BDT,,, BDT,,,

Systematic uncertainties mostly determined from generator comparisons:

© tt, single top: normalisations (floating for 2-jet, 3/2 ratio constrained to 20%),
separately for 0+1 and 2-lepton channels; mp, and pt(V) shapes

© Z+jets: 2-jet Z+bb, Z+cl floated in fit; 3/2 ratios constrained to 20% (26%); non-bb
fractions in Z+HF constrained to 12%; half of A(ji, j2) / full pr(Z) reweighting

© WHijets: half of (full) A(ji, j2) reweighting for W+|,W+cl (W+HF); mps and pt(W)
shapes; non-bb fractions in W+HF constrained to 35% (W+bl), 12% (W+bc, cc)

< signal: scale, PDF, parton shower
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