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PROGRAMA OPERACIONAL FACTORES DE COMPETITIVIDADE
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= Large QCD backgrounds

e High p_b-jet production ~10° x larger 102

e Use W or Z or tt pair in associated
production to reduce backgrounds

o productio smaller for VH (1.09 pb, inclusive
W) and ttH (0.13 pb) with respect to gluon

» |s the new particle the
Standard Model Higgs?

e Direct test of Yukawa

coupling predictions

e Largest decay BR (58%) at

125 GeV
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= ZH- vvbb = WH- Ivbb = ZH- 11bb

e (O-leptons e |-lepton* e 2-leptons™

VH, H—bb

7TeV  8TeV Reference
ATLAS 4.7fb* 13.0fb* ATLAS-CONF-2012-161
CMS 5.0fb* 12.1fb* CMS-PAS-HIG-12-044
1Still not the full 8 TeV dataset! ( ~21 fb™)


http://cds.cern.ch/record/1493625
http://cds.cern.ch/record/1493618

B-Jet tagging and Mbb response L]

LIP
1 ATLAS-CONF-2012-043
Use track impact parameters, . LA CONF A0 1E]
secondary and subsequent vertices CMS PAS HIG-12-044

b-quarks  c-quarks light-quarks+gluons
ATLAS Multivariate 70% 20% 0.7%
CMS Likelihood 72% 23% 3%

= Jets from b-quarks

700—»- T T

|\IJ—

. . . m 7II|III|\II|-I\.I‘III|I _\Il-lll\ i
* Scale different than light jets S [ CMSPreliminary  =Wgedsion -
. . . ~ gool. Ye=8TeV, L =121 fb ! E
e With leptons/neutrinos, more massive £ 777L DataZ(IT)+bb
c [
>
Ll

= ATLAS (Anti-kT jets R=0.4)

: . : 400
o Corrections for muon-in-jet, p_-dependent bias -
300
= CMS (Particle flow R=0.5) 200k
 BDT energy regression algorithm exploiting b- {00

tag and jet variables i :

o ~ 15% improvement in mass resolution 502040608 1 12141618 2

~10%), validated with Z(11) + bb p, balance




@ATLAS

EXPERIMENT
http://atlas.ch

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC

ATLAS WH(bb) candidate event



VH event selection

NP> r-i>

Trigger: MET  single-lepton  single+di-lepton
Object U lepton I-lepton  Z-lepton .
: 0 ]GDE leptons 1 tigh?]epmn 1 mediunl"? lepton Datasets: 4.7 fb _11fOI' \/S =71eV
Leptons + 0 loose leptons| + 1 loose lepton 13.0 fb™ for \/S =8 TeV
2 b-tags 2 b-tags 2 b-tags
Jets pr > 45 GeV pr > 45 GeV pr > 45 GeV
p3 > 20 GeV pr > 20 GeV p3 > 20 GeV
+ < 1 extra jets + 0 extra jets -
Missing Ey ET > 120 GeV - ET < 60 GeV . .
| P > 30GeV 16 Signal regions
ﬂ'ﬁ{E']E"nLSS* !FISS) < 4"'7.?"2
Min[A¢(ET™, jet)] > 1.5 -
Ad( E'T“j“, bb) > 2.8 O-lepton channel 2 and 3]ets
Vector Boson - m? < 120 GeV (83 < my < 99 GeV IE’?P *(GeV) 120-160 160-200 >200
" AR(b.b) 0.7-1.9 0.7-1.7 <L.5

1-lepton channel

. . W
« S/B increases with vector boson p pr_(GeV) J0-50130-100]100-15011 50-200)>200
' . T AR(D.D) >0.7 0.7-1.6|<1.4
» Events separated in p_(V) bins to ETS (GeV) > 25 > 50
o T (GeV > 40 -

optimize the cuts dSa) > Eoion chane
 Not yet enough s .and [Ldt to use jet PZ(GeV) [0-5050-100100-150]1 5020015200
substructure techniques AR(b. D) >0.7 0.7-1.8 |<1.6




VH(bb) backgrounds

NBr=1>

—@— Data 2012

. . B Signal® CD Multi-jet
Slgnal WH/ZH Pyth1a8 [ Multijet Q ) ]
Multijet Data driven 0 Diboson ~ ® Data-driven methods
. -4 .
Diboson ~ WW/WW/ZZ Herwig [c5t = diboson WZ/ZZ (Z—bb)
] Wl . .
0 Wil e Shape, normalization from MC
mm w.0or  All other background
. . W+bbp B
W-c/light-jets  Alpgen 7. other backgrounds
W+b Powheg [ e Shapes from MC, normalization
. . Z+b :
Z+b/c/light-jets Alpgen/Sherpa - from fits to signal and control
regions
1-lepton control regions
Y o it = % 2000 AT 28 Praliminar Soiwe 3 [ ATLAS Préiminary | slomme ]
: . pre-tag — = ltag > W+e | = . 2-tag, 3-jets — top
a 1+ o R gt i e t o 1%*+++Hﬂm+rm**+*t a 1—+H+++*++‘¢‘—¢—*+*—¢—¢+_¢__¢_¢__¢_t
°77B0 100 150 200 250 °*77B0 100 150 200 250  °° B0 100 150 200 250
m; [GeV] m,; [GeV] m,; [GeV]


mailto:MC@NLO
mailto:Acer/MC@NLO

ner<>»

MET —

2-lepton control regions 2-tags, invert m

112

T T
E™ "ATLAS Preliminary | e Data2012 3 = ta2012 ]
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3 © ATLAS Preliminary & Data2012 3 O 4500 p I Signal E - I Ldt=13.0fb",\s =8 TeV [ Muljet 1
0] C P I Signal . o E I Ldt=13.0fb",Ns =8 TeV [ Multijet 3 = E SIS aAeE ity i
o - I Ldt=13.016",\s=8TeV ) Multijet | 2 4000~ D Diboson 3 T 205 | eoton > 2dets, Top Control, e 0 I Diboson
= 40000 T Diboson ~ E_ 2Leptons, 1 Tag,> 2 Jets 3 9 E plon, = 2Jets, P i ]
-~ [ 2Leptons, Pre-Tag, >=2 Jets ! ] ® 3500 i 3 £ E = ]
* C ptons, Pre-Tag, >=. il . 2 E = E € LoE =
5 - Ct ] € 3000f- = > E s ez ]
] - . > E Dz E i E 3 . = 3
> 30000[— . z4 i L 2500F— 0 Zsc 3 1soF- . o =
L C z Z+c 7] E B Z:b 3 E g Z4 + 3
u ‘ B Z+b . 2000~ = E Y D 3
20000 - E 3 100 ‘ =
C - 1500 = 3 E 3
C 1 1000F E so— f
10000— - E 3 E g
. ] B E . —_— =
C E o H . % E ' ]
O 2 E = E + E T 15F E
s 5 - goeltag > Z+b, Zc 4 F vy ,
§ pre tag L8 e Senereloet e 8 e e ity SEEEE
S g 2 PSP =N S o 1# REE S e == A S A E
o 1 DR B e o= o F 1 F
i : B0 100 150 200 250 50 100 150 200 250
° 50700 150 200 250 m.; [GeV]
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T T ' ! L T T T T T T T T T N T —]
, : : o 2000 ATLAS Preliminary 202 T
T Y- Y TTL A B o = = @ =
E 30000/~ ATLAS Preliminary - Sl g 1s00- I Lat=13.016",\s=8TeV Eoborn 3
C -1 £ Mutte . \n = = 3
S ook I Ldt=13.0fb",\s=8TeV o ] z 1600 = O Lopton, 17ag, 20eis > 12060V 31 E
> C 0 Lepton, Pre-Tag, 2Jets, E; > 120 GeV % e . £ 1400 = E’ mjc 3
T B B Wecl . e 1200— I Wb —
© 20000— = wﬂg‘; ] Ll - % 74l 3
S - " . E z 3
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= Flavour maximum likelihood fit

1 and 2-leptons, 0/1/2 tag+top control regions

One floating scale factor for each background

Determine V+c, V+light scale factors

o V+b, top also floated

different MC
for Z+c 7/8 TeV
Vs=7TeV | /s =8TeV
Z+c 199+ 051 | 0.71 +0.23
Z+ light | 091+0.12 | 098 +0.11
W+c 1.04+023 | 1.04+0.24
W+ light | 1.03+0.08 | 1.01 £0.14

Improved understanding of background

o p, (V) distribution falls off more rapidly in data than MC, so MC is

reweighted to data

o V+jets: correction of 5-10% from pre-tag, checked on 1-tag
o top: correction of 15% from 1-lepton 3 jets/4 jets CR

* Binned profile likelihood fit

e 16 signal regions + top control regions

e Systematic uncertainties as nuisance parameters
e W+b, Z+b, top floated in fit

o account for syst. and signal contamination

Vs=7TeV | y/s=8TeV
Top | 1.10+0.14 | 1.29+0.16
Z+b | 122020 | 1.11£0.15
W+b| 1.19+023 | 0.79+0.20




ner=s

Background
Signal Uncert.ainty [%] | Olepton | 1 IE-!]C)[OII 2 leptons

b-tagging 6.5 6.0 6.9

Uncertainty [%] Olepton | 1 lepton | 2 leptons Sl e 73 6.4 3.6
ZH |WH | WH ZH light tagging 2.1 22 2.8

b-tagging | 8.9 | 9.0 8.8 8.6 Jf:t,-"PiIc—up,.-"E]‘l“f‘*‘ 20 70 5.4
Jet/Pile-up/ Emiss 19 | 25 | 67 4.2 pept 0.0 21 1.8
Lepton 0.0 | 0.0 2.1 1.8 Top modelling 27 4.1 0.5
H — bb BR 33133 33 3.3 W modelling 1.8 5.4 0.0
VH pr-dependence | 5.3 | 8.1 7.6 3.0 Z modelling 2.8 0.1 4.7
VH thEDl‘}' PDF 3.5 3.5 3.5 3.5 Diboson 0.8 0.3 0.5
VH theory scale 1.6 | 04 0.4 1.6 Multijet 0.6 26 0.0
Statistical 4.9 18 4.1 2.6 Luminosity 26 26 oY
Luminosity 3.6 | 3.6 3.6 3.6 Statistical 23 3.6 6.6
Total 24 34 16 13 Total 25 15 14

Largest experimental uncertainties:
b-tagging, jet energy scale and resolution
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CMS VH analysis

blet1

p1/151.4,
n 0.814,
P 2.299

bjet2

Pr47-3,
n1.783,
@ 2.189

p — g view

bb:

m 104.78
Pr225.93

Acp (bb,MET)



VH event selection, analysis

Variable W(év)H Z(¢OH Z(vv)H
. : m - [75 — 105] -
= § signal regions by > 30 20 > 60
. pr(j2) > 30 > 20 > 30
e 0,1, 2 lepton categories pr(j) > 120 - > 130
m(jj) < 250 [80 — 150] (< 250) < 250
1 1 pr(V) [120 — 170] (> 170) [50 — 100] (> 100) -
° LOW aﬂd hlgh p T(V) blns C;Vmax = 040 > 0.50 (> 0.244) = 0.679
. CSVmin = 0.40 = (.244 > 0.244
* Standard and loose b-tagging  csvix: ~(<040) - ~(< 0244
(in 0,1 lepton, high p_) s > 45 (elec) 8 [130 — 170] (> 170)
Ap(ET™, jet) - — = 0.5
Ag(Emiss pmiss () " = <05
BDT input variables A¢(V,H) ~ ~ > 2.0
P; transverse momentum of each Higgs daughter . . .
i diiot imvariant mass = Multivariate analysis
p-lii) dijet transverse momentum ° BOOSted DeCiSiOIl Tl‘ee
p+(V) . vector boson transverse momentum (or E;™)
CSV ax h-tag disc. value for Higgs daughter with largest value (BDT) methOd
CSVmin b-tag disc. value for Higgs daughter with second largest value o M()st discriminating
Ad(V, H) azimuthal angle between V (or E,;™=) and dijet VariableS: mass p b_tag
1 ARl | difference in n between Higgs daughters . > T ’
AR(jj) difference in n-¢ between Higgs daughters _]et Veto
N_. number of additional jets

aj

Ad(E,m=5, jet)  azimuthal angle between E;™= and closest jet (only for Z{vv)H)

AB color pull angle

pull




* Single-top and

5+5 regions in O-lepton low + high p_ channels

. Variable Z+LF Z+HF tt WiLF W+HF
dibosons frqm MC 7161 =60 =60 > 60 =60 =60
. QCD multlj et rrija) > 30 > 30 > 30 > 30 > 30
d d 1 bl priii) > 130 > 130 =130 =130 > 130
o B 180 © CPST\,(FV) [0.244 — 0.89] 0.679 0.898 [0.244 — 0.89g] 0.679
s 244 — (. = 0, = 0. 244 0, = 0,
 Other backgrounds o - Z . - Z o
shape from MC and Ny - - >1 —0 ~0
o N, =0 =0 =1 =1 =1
normahzqtlon from fit to Em']=-=1 [130 — 170](> 170) [130 —170](> 170) [130— 170](> 170) [130 — 170](> 170) [130 — 170](> 170)
Varlables n Control L".:fJ(Em'ﬁs, ]e.tt]rks] = 0.5 = 0.5 =05 = 0.5 = 0.5
: Agp(Emiss, Emiss (=) <05 <05 - - -
regions (CR) m(j) < 250 veto [100 — 140]  veto [100 — 140] < 250 veto [100 — 140]

Also: 3+3 regions in 1-lepton low + high p_channels; 2 regions in 2-lepton channels

> Fr~ T~ T "~ T T T B
o - o @ @O & 180 cMs Preliminary o 3 T o L L B B BN
= L cus Preliminary 2 Dimscen I~ qgof YE=8TeV.L=1211" - W o - CMS Preliminary | ® paa .
© 40001 ys A — ~ ¥ (igH(bb) Ciz+bb ] > gggl_Vs=8TeV,L=1211b =
= s=8TeV,L=1211b = . a o P‘I d s E 3 ] 2 IHOE e .
12] [ Zlv THbB) 5 ;J:bllﬁdsog ] g 140 } ton IJ et E :ing\ Top E E iy E
® C S gie e ] it F W A o tstats | 2501~ e -
S C Single to 7] r E uncert. (stat) C _
W 3000 :'w'w uncert. (stat) — 120:_Sldeband +)B 1 C 7
r C * 200— .o —
x 10 E g 2-lepton d E
x ep nv. ag- - ] - -lepton dijet -
ER Sideband -
L E 100} t =
- b = = — 10D -
| —e - -
1000 Bk : 50 - p -
r be 1
- 9 = E
< g e cer. s oaya) 3 % g; Z =0.832,K =0.219 [Z]m™cC uncert. (stats [ MC uncert. (sy)
< g155 ;
I a - o 1% LI s ir;ﬁ@ ;ié g +
S 05 :* o
12‘0 140 00 50 100 150 200 250
Missing transverse energy
CSV max Mp(W) [GeV]



Background scale factors
from fit: W/Z+b, W/Z+light, tt

Uncertainties

Process WifvH WiivH Z(fnH Z(ENH ZivvH Zlvv)H
Low pr 7TeV 5TeV 7TeV 8TeV 7 TeV 8 TeV
W +udscg 088 +0.01+0.03 1.01+0.02+001 - - 0.89 £ 0.01 £ 0.03 0.96+0.06+0.03
Whbb 191 +014+031 207 £0.15+£0.10 - - 136 £0.10+0.15 1.30+£0.17+0.10
Z + udscg - - 111 +003+011 110+£0.02 +006 087 £0.01+003 1.15+0.07+0.03
Zbb - - 098 +£0.05+012 108+004+008 09 0024003 1.12+010+0.04
tt 093 +002+005 1.07+001+£001 1.03+£004+011 1.01+£0.02+006 097 £0.02+004 1.05+0.07+0.03
High pr 7 TeV BTeV 7TeV 8TeV 7TeV 8TeV
W +udscg 079+0.01+002 0.594+0.02+001 - - 078 +£0.024+0.03 095+005+0.02
Whbb 149+014+019 172+0.16+0.08 - - 148 £0.15+0.20 1.27 +£0.18+0.10
Z +udscg - - 111 +£0.03+£011 110+£0.02+006 097 £0.02+0.04 1.04+0.07 002
Zbb - - 098 +£0.05+012 108+004+008 1.08+009+0.06 115+010+0.04
t 084 002003 099+001+001 1.03+£004+011 1.01+£0.02+006 097 £0.02+004 1.03+£0.07+0.03
& AL LA AN .
& 350 CMS Preliminary — I
g Fowewen il
g %0 =P Uncertainties on signal/Bkg yields
250 } @ ﬂg'?.r.m (stat) E
= . Source Range
200 — Luminosity 2.2-4.4%
- - Lepton efficiency and trigger (per lepton) 3%
150~ = Z(vv)H triggers 3%
100 3Scale factors from fit Jetenergy scale 3%
C = . Jet energy resolution 3-6%
soF- Jchecked with control Missing trnsverse nergy .
= = . . . . taggin 3-15%
.k wpicen3TEEION BDT distributions  signal cross sction (sale and PR .
% 1 gg E Signal cross section (pr boost, EWK/QCD) 5-10% / 10%
s - 1E 3 Signal Monte Carlo statistics 1-5%
0.5E = Backgrounds (data estimate) a2 10%
08 87 06 5 A 3 0T 0 e Single-top (simulation estimate) 15-30%
Dibosons (simulation estimate) 30%

BDT output







150,160 < p (V) < 200 GeV Showmg only the two hlghest p blns

> F ' 1 > F™ A e oot 1T 7 ™3 = r : . =
8 60:— A'TLAS Prehmmary =5‘:‘ —: 8 70:_ ATLAS brehmmary =‘z":‘ E E 45F ,'4 LAS Prehmlnary l .zu I _f
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C 1 E 3 20 —
20p 3 o 3 , E
3 . 20F- J% = ey E
10 E i ] 3
10 : — 3
0 120 140 16C 160 g
ms [GeV] GeV
m g [GeV] m,; [GeV]
§ 45§_ALrLAsprenmmary ' ) 'mw 3 E ssE ATLAS Preliminary ' ma 3 o 7P e PSnganans
= E ILdt 13.0 15" e 3 E 1 L E I CATLAS Preliminary WzH ]
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c = — = E = G C z ]
[0) E mw E ) 35 E . mw E 1) r 2 Lepton 2+3 Jets, p; > 200 GeV 7
@ g0f 0-lept0n = 2 4 g 1 lepton'“ 3 g 20f Al
" 4 oo 3 : Y oon | G 2-lepton  moeeen
E ; - Pre Fit E 25F i 1 --- Pre Fit = C Diboson 7
20 “#-Datazoiz - 4 E 2 -#-Data2012 15— ---PreFit
S E 20 E C --Data2012
15 E _E 15 ;_ _; 10 r -
Al E E b 7
80 100 120 140 160 180 S - ] i
m; [GeV] m; [GeV] 40 60 80 100 120 140 160 180 200
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No significant excess is found.
" ].Maneira (LIP) Associated Higgs Production @~ SM@LHC2013 16|
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Events/10 GeV

WZ, 77 production, with Z—bb

e Similar signature, cross-section 5x higher

e Separate fit to validate the WH analysis

o Individually for 0, 1, 2 lepton channels

o All backgrounds except VH are subtractedo

400

300 4
Ldt=4.7fb’, \s=7TeV
0,

1,2 lepton

+

includes al

200

100

-100

ATLAS Preliminary s,
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ner«<p» |
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50 100
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1 | 1 1
200 250
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Events /15

CMS: excess
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SM Higgs
[T T T T | T T T T | T T T T | T T 1T T | T T T T |_
- CMS Preliminary _* 2
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: CMS, 1 1
40F i -
201 } .
[}_ “““ [IL 2 -
I - * T | | f %‘
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- 1 1 11 | 111 | | | | 11 | | 1 11 | | | | 1 | |

20 100 200
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0/og, = Hp= 1.09 £ 0.20 (stat) £ 0.22 (syst). The significance is 4.00
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ttH, H—bb

7 TeV 8 TeV Reference
ATLAS 4.7 fb? ATLAS-CONF-2012-135
CMS 50fbt 5.1fb* CERN-PH-EP-2013-027

1Still not the full 8 TeV dataset! (~21 fb™)


http://cds.cern.ch/record/1478423
http://cds.cern.ch/record/1523259

ttH Overview

= Associated production with two top quarks - @
e Up to 4 b-tagged jets & J
e Lepton (e or n) + jets channel /»{V,../’ 1
o ] lepton + MET + up to 2 additional jets t 7 W .
e Di-lepton (e or p) channel (CMS only) ¢ '
o 2 leptons + MET + 0 additional jets ﬁ”mﬂv‘ H ) fr/f@
= Search strategy ——a {““M@
e Signal and background regions deﬁned g \ S 7
according to number of jets and b-tags t“‘“t AN
e Backgrounds: tt+jets, combinatorial H‘“““-m-,,m% e,
e ATLAS: decay into bb only K@

e CMS: allow other decays
o but contribution from H—bb in the most
sensitive categories is 95% Dire ctly pI‘Ob e strongest

Yukawa coupling




ttH Backgrounds

ner=s

constrain W+jets and constrain b-tag constrain tt
multijets ngrmalization  efficiency normalization
{ a jets ; 4 jets i \ 4 jets 4 jets \
1 btags 2btags 3 btags > 4 btags ATLAS
Preliminary
(Simulation)
) m, = 125 GeV
Sets T s5jets N 5 jets 5 jets 5 jets [ T+ HF jets
/ 0 b tags \ 2 btags /3 b tags = 4 b tags I l+light jets
ity
I [ WHjets
I [ Z+jets
I ] Diboson
I I Single top
> 6 jets > 6 jets | > 6 jets > 6 jets > 6 jets
I 0 b tags 1 btags 2btags 3 btags = 4 b tags
|
|
|
cross-check regions constrain

constrain tt  tt+ heavy flavor
modeling (HThad shape...) * S/NB> 5%




» Kinematic maximum likelihood fit
e Find the most likely assignment of jets to build the 2 top masses
e Remaining b-jets assigned to Higgs (26% prob. to assign correct b-

jet pair, with 4 b-tags)

ﬂ 016_II T T I L I L | L I LU I LU | T T T 1T I T T 1] -4% 025_—I —]
'c C . , , 7 =1 B ATLAS Preliminary (Simulation) 7
=] C : ATLAS Preliminary (Simulation) - > :
> 0.14— : : . . @ B N 5 jets, > 4 b-tags
@ : > 6 jets, > 4 b-tags = 02— : : —
E 012 : : 7 g B : Total background
= O r : : Total background 1 < i
< - : ) . N T ISP ttH (m = 125 GeV)
01 — - ttH (mH =125 GeV) — 0.15— H —]
0.08/— E . .
- . used in all I
0.06{— : ] . i
S - 1 . other regions
0.04— ]
- | iised in regions:L., ]
002" . | AT a4 s e D N St SO,
- 6Jets+30r>4btags ......... ] I o o ———
o) = AT S VAT S AT ST TS W S AT ST AV 400 600 800 1000 1200
0 50 100 150 200 250 300 350 400 -
had
Mbb (GeV) H " (GeV)

» Simultaneous fit to signal and background regions

had

o Discriminating variables: Mbb and H_™ (scalar sum of jets' pT)



CMS l5=8TeM L=511" CMS {s=BTeV.L=511m"
Lepion + 24 jets + 22 b-tags

; Lepton + =4 jets + 22 btags
w

tt+Vv

7/, Brag.unc.  —}—Data  —— @H(125) x 30

Data™

Datafic
=]

: : ¢ 7 lF‘Il.ml:‘él;r ﬂf}gts ‘IHumbal u?tags
Lepton+]ets Dilepton
Jets 9 sional recions =6 | 4 5| =6 | 4 5 =6 2 =3
Tags & & 2 3| 3 3 4 | =4 | =4 || 2 | =3

5=8TeV,L=511f" CcMS (5=8TeV,L=5.11fb"

[ | ArtiﬁCial Neural g ; MS Lepton + 5jets + 3 b-tags gsuo; Lepton + 5jets + 3 b-tags
Network (ANN) :

e From 9 variables
o CSV (b-tag),
kinematics, etc...
e Output is
discriminant
variable

Data/MC
Data/MC

% 20 20 60 80 100 120 140 160 180 200
pT




= CMS

e no QCD uncertainty

o tighter jet selection

Systematic uncertainty Status Components
Luminosity N 1
Lepton ID+reco+trigger N 1
Jet vertex fraction efficiency N 1
Jet energy scale SN 16
Jet energy resolution N 1
b-tagging efficiency SN 9
c-tagging efficiency SN 5
Light jet-tagging efficiency SN 1
tf cross section N 1
ttV cross section N 1
Single top cross section N 1
Dibosons cross section N 1
V+jets normalisation N 3
Multijet normalisation N 7
W +heavy-flavour fractions SN -
tt modelling SN 3
ti+heavy-flavour fractions SN 1
ttH modelling N 1

= ATLAS

e Main source: tt + heavy flavor (50% unc.)

e Breakdown in components for btag (9),
ctag (5), jet energy scale (16),
background normalization and modeling

o avoid over-constraining nuisance
parameters

Source Rate Uncertainty | Shape
Luminosity (7 TeV) 2.2% No
Luminosity (8 TeV) 4.4% No
Lepton ID/ Trig 4% No
Pileup 1% No
Additional Pileup Corr. - Yes
Jet Energy Resolution 1.5% No
Jet Energy Scale 0-60% Yes
b-Tag SF (b/c) 0-33.6% Yes
b-Tag SF (mistag) 0-23.5% Yes
MC Statistics - Yes
PDF (gg) 9% No
PDF (qq) 4.2-7% No
PDF (gg) 4.6% No
QCD Scale (ttH) 15% No
QCD Scale (tt) 2-12% No
QCD Scale (V) 1.2-1.3% No
QCD Scale (VV) 3.5% No
Madgraph Scale (tt) 0-20% Yes
Madgraph Scale (V) 20-60% No
tt+ bb 50% No
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ttH results
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LeptonsJels and Dilepton. CMS §5=7TeV, L=50Mm%{S=8TeV, L= 510"

0 !
‘E 2'3';_ —s— Observed !
S —

E 1° . Expected+ 1o
7 16
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o [ ’
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Conclusions

= ATLAS & CMS searches for Hbb

e Diboson WZ/ZZ: observed peak with 4c significance
e VH: sensitivity @125 GeV close to SM. CMS sees 2.26 excess

e ttH: sensitivity @125 GeV 5x SM, setting limits.
= Results with increased significance expected soon

e None of the Hbb analysis has used the full 2012 dataset yet
e ATLAS & CMS working on analysis improvements
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B-jet tagging

ATLAS-CONF-2012-043
ATLAS-CONF-2012-161
CMS PAS HIG-12-044
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(-lepton, 2 jet | O-lepton, 3 jet 1-lepton 2-lepton

Bin ET™ [GeV] pf[GEV] p‘%[GE\"]
1201600 160-200( = 200( 1 20- 160{ 1 G0-200]= 200 0-30(30- 100(100-150{1 30-200)= 200{ 0-50(30- 10O 100-150{ 1 50-200|= 200
£H 2.9 21 26 0.8 0E 1.1] 03 0.4 0.1 0 00 4.7 6.8 4.0 1.5 14
WH 0.8 04 04 0.2 0.2 0.2 106 129 1.5 36l 36 0.0 0.0 0.0 0.0 0.0
Top &9 25 a 02 25 10 1440 276 1120 147 43) 2300 310 a4 3 0
W + e light 30 10 5 9 3 2| 5EO[ 585 209 36 17 0 0 0 0 0
W+b 35 13| 13 ] 3 21 TI0[  TIE 288 T7 it ] 0 0 0 ]
£+ c light 35 14 14 B 5 8 17 17 4 I 0] 201 2304 a1 12| 15
£+ h 144 511 43 41 221 16| 50 63 13 5 11010 1180 469 75 51
Diboson 23 11| 10 4 4 3 53 59 23 13 T 37 39 [ (i 4
Multijet 3 1 | 1 | 0| Bo0[ 522 Ha 14 3| 12 3 0 0 ]
Total Bkg. 36l 127 98 164 63| 42| 3810( 4310 1730 297 138|1500( 1770 665 L I
+ 29 + 1112 + 13 + & £ 5= 150 <86 + 90 +27 £ 14(x90( £ 110 =47 += 12| x 12
Data 342 131 90 175 65 32| 3821 4301 1657 297 1321485 1773 657 100 69
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QCD data-driven details

» Di-Boson:
Shape and normalisation from MC

« QCD Multi-jet: Data driven methods
- 0 lepton: ABCD method using | |
Min[AD(ET”, jets)landAD(ET, pT )
- 1 lepton: inversion of lepton isolation and
template fits to missing E_

- 2 lepton: loosen lepton ID, inversion of
lepton isolation: fitto m_

* Other backgrounds:
Shape from MC,

normalisation from fits in control regions
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