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—Bosonic channel : H>yy, H>ZZ
—Fermionic channel : H=2bb, ttH

* VV/VH resonance search

« FeHh




Peak Luminosity per Fill [10** cm2 571

LHC 13 TeV run (2015-)
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Total Integrated Luminosity [fb™]

ATLASDE BRI

Inner Tracker  Calorimeters Muon Spectrometer Magnets
Pixel SCT  TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid
989 999 100 998 100 99.6 99.8 99.8 998  99.7 93.5

Good for physics: 91-98% (10.1-10.7 fb1)

Luminosity weighted relative detector uptime and good data quality efficiencies (in %) during stable beam
in pp collisions with 25ns bunch spacing at Vs=13 TeV between 28th April and 10th July 2016,
corresponding to an integrated luminosity of 11.0 fb-1. The toroid magnet was off for some runs, leading to
a loss of 0.7 fb'L. Analyses that don’t require the toroid magnet can use that data.
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Efficiency
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Discovery to measurement

. * 2012 July : discovery
— 7 TeV(5 fb'1)+ 8 TeV (5.8 fbl)
— H>yyand H>ZZ

e Runl

— 7 TeV 5 fbl
— 8 TeV 20 fb!

eiStandarde.

2 LI/

e Run-2 has started at 13 TeV!
S —~2015: 3.2 fb"!
, .."';I.W.:e:sevler.comflocalefphyéléf_?llt_ —2016: 13.2 fb-l + (~ 1.5 fb-l).




From Run-1

T T T T ‘ T T T T | T T T T ‘ T T T T T T | T T T ‘ T
ATLAS and CMS }——i Total Stat 1 Syst
LHC Run 1 Taotal Stat Syst

ATLAS H—yy ———] 126.02 £ 0.51 ( £ 0.43 £ 0.27) GeV
CMS H—yy ——— 12470+ 0.34 ( £ 0.31 £ 0.15) GeV
ATLAS H—=2Z2Z -4l — 12451+ 052 ( £ 0.52 + 0.04) GeV
CMS H—ZZ—4] —— 125659 £ 045 ( £ 0.42 £ 0.17) GeV
ATLAS+CMS yy I—EI-| 125.07 £ 029 ( £ 0.25 £ 0.14) GeV
ATLAS+CMS 4l |—|E—| 125615 £ 040 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4! F?" 125.09 £ 0.24 ( £ 0.21 £ 0.11) GeV
1 P P I T NI B P R S S R P I T MR B
123 124 125 126 127 128 129
my, (GeV) Phys. Rev. Lett. 114, 191803
my = 125.09 + 0.24 GeV
— 125.09 + 0.21 (stat) £ 0.11 (syst) GeV

2InA

14 ATLAS
[ H=ZZ+WW off-shell+on-shell
12 [ gwmsns Sgvor-ae

[ E=8Tev: JLat=203m"
10 [ —— cbserved with syst.

I —— cbsarved no syst.

[ --=-expectedwith syst,
8 | ----- expected no Syst.

[ ATANENE | INETITN BNA A W AT SNAN AT AT SR

k_l_,/Lll-1-“l""";':.| |. [ R B R B I
BT S - R B 0

ryr

95% CL.

Upper limit on Higgs width = 22.7 MeV
(expect = 33.0 MeV)

{i=a

ATLAS H—ZZ* - 4]
—s— Observed s=7TeV,451"
------- Expected s=8TeV, 20315
B 0'SMtic
B 0 SMi2o H— WW* = evuv
[ 10'SM+30 s=8TeV,203 '

P
. 1o H o vy
- 20 s=7TeV, 451"
[ JJ 30

o PL " |Spin0
o | Parity Even
e
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- X -y 2 =

-20
-30F

0 o w2y =2,
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>> _"I R | roTorTTTT T t'
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E N
cl> 10F E
) ]
10°F E
§ ATLAS+CMS |
ik, &£ 00 SM Higgs boson |
i — [M, €] fit
I 68% CL 1
[ ]95%CL 1
104 L L

107" 1 10 10?
Particle mass [GeV]

Coupling as expected with SM!




Run-1 to Run-2
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e Run-2 at 13 TeV!

Production cross section

= 0?
O

@mH=125 GeV g

19.3 pb @7 TeV
24.5 pb @8 TeV
55.7 pb @13 TeV
62.7 pb @14 TeV

8213 TeV:
ggF: X2.3
ttH: X 3.9

L 10
T
o
=
©
1

107"

1072

PP

IIII|I1II|IIIIIIIIIIIIIIIIIIIIIII[lIIII|IIII|

rrrrprrrrpr e p e
M(H)= 125 GeV

LHC HIGGS X5 WG 2016

m_llll

-
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9

10 11

12 13 14 15
Vs [TeV]



H—=>VV at Run-2

11

©

— H-2>yy
— H>Z7Z2->4l

Production cross section
@mH=125 GeV
19.3 pb @7 TeV
24.5 pb @8 TeV
55.7 pb @13 TeV
62.7 pb @14 TeV
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7 1% , ! 15 _
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: 05" .
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L L L L
_ ATLAS Preliminary

* Run-2 at 13 TeV! ET 100

AH—=yy QH-ZZ"—4l

— Cpy iy My = 125.09 GeV

QCD scale uncertainty
Bl Tot. uncert. (scale ® PDF+c,)




H—=>VV at Run-2

= L L R B L A I
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ttH and VH

13

J I —bW* ar W/zZ
-~ H
g f—bW- g -

Due to multi-jet background, Leptons (e, p or vv) need to be final state.

For H=>bb, VH production is most sensitive

— W=ev, uv. Z2ee, Uy, vv

For ttH, we try to use all mode

— H—->bb is the main analysis

Backgrounds

— Common: W+jets, Z+jets, s-top, ttbar, Multi-jets

— VH case:

— ttH case: ttbar+heavy flavor (bb/cc),

b-jet identification and reconstruction is the key for these analysis.




b-Jet tagging

14
ATLAS-FTAG-2016-001
ATL-PHYS-PUB-2015-022

 Utilize long life of B hadrons

Verlex Tagging
(transverse plane)

i{Signed) Track
Impact Parameter (dca)

* MVA is used to maximize separation
between light and charm jets from b-jets

Jets /0.1

25

15

10

Decay
Length {Lﬂ]

Hard Scatter

'I'I[[l'l'l|rl'l|Ill'|[[['|'||l'|'|||[l'|[[['l'lr]'l

30— ATLAS Preliminary

" 1s=13TeV,4pb"

- ® Data 2016
- Il b jet

20— c jet

- B Light flavour jet

-1 -08-06-04-02 0 02 04 06 08 1

MV2c10 output

Jets /0.5 GeV

Data/Pred.
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= 5 SRARERANREEEMANSELES LRy
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c>J,.1 .05:[ LI L l L [ L | T T 17T ‘ L T !:
.E’ e ATLAS Preliminary =
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B 09~ 3
oo 4t |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-022/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2016-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2016-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2016-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2016-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2016-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2016-001/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2016-001/

Improvement on b-tagging at Run-2

 IBL

— Additional Pixel layer
— Resolution of impact param.

- 30-60% improvement

e MVA training scheme
— Run-1 training: b-jet vs light jet

- Run-2: b-jets vs (80% light + 20% charm)

ﬁ:['!"ﬁ”séz%ﬂ” T T T A As samioneeimnay 3 & CE T ATLAS Saaion Bt = I t
. . Imulation Freliminary E . |mua|on rnelmlnarg.r - mprovements
J 2000 (s=8,13 Tev , tt E r,zn 15:_Charm Et (s=B13Tav 11 P . . f
s ER-E . . S e Rt = on rejection ractor
S 4 vt Run-1 E g 120 e + ~4 mvzczoRune
.g —4— Mv2c20 Run-2 E & b —— E Low jet pT
T — -}!1 :_-.- —— _: o
5 E R e - - IBL + algorithm
3 E |, L ]
z = E ot _—
=) —— = 5 — . .
- e, —— = 2?‘ 1 High jet pT
E 5 E L 2E e E mainly algorithm
= 4F . ] o 16E
£ 3 ;_._._.._.._ i S ; P %‘ :g ------- E
c 2E ... — ] (1o 1E- _;
TE Il ! ! _E D-B: ! f f 1 f J 5 g
5000 B0 200 T ER0 300 550400 R -1y BT N1 11 0 IO 1 -V I 41§

Jet P, [GeV] Jetp_[GeV]



ttH analysis

16

o I —- bW*
-- H
g f— bW
e H>bb
— 1-lepton, 2-lepton
e H>vyy
e H2WW,ZZ

— Same sign 2-lepton, 3-lepton, 4-lepton
— Channel with tau.



17

b-Jet tagging

e |[n the analysis  ATLAS Run2 b-tag : btag eff: b: 70%, c: 1/12, light: 1/380

— Categorize event with number b-jet (i.e. 70% OP)

>4 2b 24],3b

-

ATLAR >4i.2b >4ij,3b >4j,24b
SB=0.1% S/B=1.8% SIB=6.1%
| |
=05 =05
% »
L]

Example case for ATLAS ttH H=>bb, dilepton




ttH, H=>bb )

ATLAS-CONF-2016-080

g T T et iy ] (050)
3 012 (5=13Te ]
g I bW+ ‘g 0125 SingllaLZp:;n E”I!TME“T
% 0.1; > 6, > 4b =
£ 008 o oo
- H — b b 0.06:— _|_::{:irret:tl3¢r matched _:
0.04?— —
o.ozf— —
g i—bW- 05500 180 200 350 00550 400
Higgs mass [GeV]
1-lepton: 6 jets with 4 b-jets N R i e e AL N AR
. . . c r refimina - Lala -
2-lepton: 4 jets with 4 b-jets 2 % o3 Tev, 13_2{3’-1 miH
600 Single Lepton %%I lgT —
K : - 26j,24b fi+>1b 3
There are four true b-jets in a ttH 5005 pro i RO
event. 400F- CINon-tt -
. . - 7z Uncertainty S
— With reconstruction BDT 3005 ~—1tH (norm.)
— Correct assignment can be achieved 5 _, E
only 12% (42%) for 1-lepton (2- = & e ]
lepton)
— BDT is also use for signal extraction 5 L cE E
. . . . o 1 5E —0_0000045)7—_
as final discriminant. = 0;;” 7 7 %
. . g Yo E
Background is tt+light, tt+cc, tt+bb 8 708060402 0 02040608 1

Classification BDT output


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
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ttH Hbb fit model

ATLAS-CONF-2016-080

* Inorder to estimate BG;. 5 10°F ATLAS Preliminay  ¢Data GH  []fi+ light 3
perform simultaneous fit 2 opE=18TeV, 182" [if+>1c Wf+21b MW+V |
Wlth Control reglons (CR) L%J . _ g:-r;g-lfl; Lepton [INon-tt ¢ Uncertainty-- ttH ]

— 6 CRs: HT is used. 105% l, l, l,
— 3 SRs: MVA is used. 10t .

e Normalization and 10° |
systematic variations are T )
constrained by the fit. 10f T L ]

A i ! ! | | ! | ! | :
8 10° S ATLAS Simulation  —— SterpasOpenLoops 55 E " %%%W?/W/WW
< C Preliminary sesemes MGS5_aMC@NLO+PS fi+bb ~ o5l / /z
5 - —_ /s =13 TeV e MGE_aMC@NLO+Hpp ti+bb *g ' . . . - . . : :
§ ? —e— {t+jets Powheg+P6 (] 4"{'4?:5 5-‘{*85 %@Leb 4*{:3.{) 5-‘{;35 %6}'3:6 4‘{::}4.5 5}*%4,6 %6-‘(;%4,6
5 1l
[ —— ME gen. MG5_aMC | MG5_aMC | SherpaOL
- PS/UE gen. Herwig+ 2.7.1 | Pythia 8.210 Sherpa
1? Renorm. scale HCMMEPS HCMMES HCMMPS
C Fact. scale Ht/2 Ht/2 Ht/2?
107 | Resumm. scale foVs foVs Ht/2
@'ﬁ 114;: _________ I ME PDF NNPDF3.04F | NNPDF3.0 4F CT104F
o T T ——— PS/UE PDF CTEQ6L 1 NNPDF2.3
) 8;31 - T ST e Tune UE-EE-5 Al4 Author’s tune
5 07F ' ¥
< 06E ‘ . . L.
CTe o PP @TL@S Systematic variations for ttbar + bb


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/

Data/ Pred.

Events

Data/ Pred.
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ttH, Hbb effect on systematics

@ 1 |ept0n 6Jet 4 btag ATLAS-CONF-2016-080

CATLAS F’rehmmary }Data ) _E £ " ATLAS F Prehmmary +Data o E T aint o "
7005 f-raTov a2t MIH T ST00CE lory ooy min Uncertainty source Ap _
600F Shale Lepton Stislc = 600c Single Lepion Siie 3 fi+ > 1bmodelling +0.53  -0.53
£26j,24b it +21b 7 F26j,24b mi+>1b ] o . Iy
SO0 Pre-it e ] 0% Posti @iV 3 Jet flavour tagging +0.26  -0.26
r on- ] F [ JNon ]
400t . == 2 Uncertainty 400 Uncertainty= ry : LI
o FitBII i norm, 1 ] F|t1§ ///mgciofm VE tiH modelling +0.32 =020
I A 1 1 Background model statistics +0.25 -0.25
2004/ R = E _ ‘ ,
=i, = tt+ 2 le modelling +0.24 -0.23
100 i )
R ] e Jetenergy scale and resolution +0.19 -=0.19
“ﬁ 0TS §1-2ﬁ§ e 1 ti+light modelling +0.19 -0.18
: CREn PO .
o T S0 = Other background modelling +0.18  —0.18
-1-0.8-06-04-0.2 0 02 04 06 0.8 1 A -1 ()3 06 04 02 () 02 04 05 08 1 L . . n 5
Classification BDT output Classification BDT output  Je(-vertex association, pileup modelling  +0.12  -0.12
Luminosity +0.12 -0.12
2 Iepton 4jet 4btag 7Z modelling +0.06 -0.06
220 T Y 2 2200, A= . , . . -
ATLAS Prehmmary +Data E [= ;ATLAS Prehmlnary +Data ] o nie |D. IHGIH“G[L fricoer +(](}‘ _{}[)5
2005 /5 _ 13 TeV, 13.2 b m ] 2 2005 15 - 13 Tev, 13.2 b mt Light lepton ( .’#} . £E
180F Dilepton i e - 180F Dilepton 5{%133‘ 1 Total systematic uncertainty +0.90  =0.75
160 >4j,24b Wi+ >1b 160F =24,24b Wi+ >1b — - - : =
140- Pre-fit mi+V 3 140F Postfit .. .o mT+V 3 ff+ > | b normalisation +0.34  -0.34
120- Fitﬁ” ;/lmget:tamtyf 120 FIt{ﬁ l;lﬂﬁgcﬁtaintyé z ent 0.14 0.14
w002 i (norm) 4 1007 7 i oamy3 tt+ 2 1c normalisation +0.14 -0
gg* E 80F e Statistical uncertainty +0.49 =049
77777777777777777777777777777 = CIE S ; 1 =
“of 40 Total uncertainty +1.02 -0.89
20 20
T e O e
15 E i) B1ast . .
oal 7 I 4:? lw#4 e ttbar+ bb modeling is
0:1 705060402 0 0204 0608 1 E 05_1 208060402 0 02040608 1 domlnant SyStematIC.

Classification BDT output Classification BDT output


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-080/
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ttH, Hbb result

ATLAS-CONF-2016-080

D

ATLAS Preliminary ttH (bb), \s = 13 TeV, 13.2 fb™
L I B BN BN LN B BN BN B B
N T - TOt
6 |
10°E°ATLAS  Preliminary - Data E Stat
- 1s=13TeV,13.2fb" ttH (@, =4.0) ] )
10° WtH @ =21) Tot. ( Stat. Syst. )
= (] Background 3
B . 29 ;, 1.4 +26
r 7 Bkgd. Unc. - . ) i 4.6 +
10 " Bkgd. =0 ft) 2 Dilepton I *— 23( 13 9 )
103;— _;
E 3 . 1 +1.1 ( +0.5 +1.0 )
- ~ 1 Single Lepton o Y 141\ 05 09
102 -ttH (bb) Combined -
£ Dilepton and Single Lepton T
T Post-fit L o -
P S S A S S T S N BT A TS T B ] +1. +0. +09
2r + Combined e 2.1 "9 (05 07)
15 —
1h L o7, 1 I 1 1 1 I 1 L 1 I 11 1 I 1 1 L I L 1 1 I 1 1 1 I | 1 | | L 1 L I 1 1 1 | |
_,3'_5 3 55 ) 35 9 05 - 0 2 4 6 8 10 12 14 16 18

log (S/B)
10 1 f f —_
Best fit u = ¢! H/G‘S',:I for m, =125 GeV

CMS has 13 TeV analysis with 2.7 fb2.
observed mu=-2.0 = 1.8.

)
Nﬁ
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e Leptonic and Hadronic categories

for ttbar reconstruction

. Channel

Region ttH (S) Bkgd (B) tHjb+ WtH S/B Npata
H - all-hadronic 1.58 8.27 0.10 0.19 9
@ r¥ leptonic 1.16 2.42 0.10 0.48 2
CMS ]

é; CMS Proliminary 12.9 0" (13 TeV)
> T A L L | o FHeyy T
8 75 ¢ Daa ATLAS Preliminary 3 O 12Ff-1260Gev, j=095 | ladoneTag
-~ [ renes Background Fit {s=13TeV. 1330 1 2 of ¢ Daa A
9] o . ) _ ! n 5 L —_ S4B fit .
= 6F = Signal + Background Fit ~ H-yy, m =125.09 GeV 3 Z H B component ]
g - —— SM Signal + Background ttH leptonic . B E-1o B
w 5t = o =20 e

af E i E
3: = 2 ‘ H

- ] F AR MG nen INENNN
2k y — 1?J—~ ' ' ' ' =
E E 8 f B Comp{)nenl SUbtraCled_i
1E 9% s @ . —; ii :%
I '.“J'. i | .J'. L T ———— ] 32 LI e T
110 120 140 150 160 2F 3
{06 o i i30 40 150 160 170 180
m,, [GeV] m,, (GeV)

Observed mu = - +1.2
0.3 1% Observed mu=19 +1>

@M,=125.1 GeV @M, =125 GeV

ATLAS-CONF-2016-067 CMS-PAS-HIG-16-020
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ttH multi leptons
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ATLAS-CONF-2016-058

I—»bW"'

-- H-WW, ZZ, tt

t—bW-

I
ATLAS Preliminary
[ \s=13TeV, 13.2fb"
Pre-fit

T
Bl :tH (SM)

-$- Data

[ Juw [Clttziys)
] Diboson [ Non-prompt
Il QMisReco []Other

7 Total Uncertainty

7

e H>WW, ZZ, 171 :

S
Higgs boson decay mode AXe
Category WW* 1t ZZ* Other (x107%)
260Thaq 77% 17% 3% 3% 14
. i Y 46% 51% 2% 1% 2.2
3¢ 74% 20% 4% 2% 9.2
4¢ 72% 18% 9% 2% 0.88

Dominant background are with:
Electron charge flip, Fake lepton BG

Events

50

T T T
ATLAS Preliminary #Data W tH (sm)
\s =13 Tev, 13.2 fo J1W Btuziy

' [biboson [ Non-Prompt

40+ W VR [l QMisReco []Other
7~ Total uncertainty
30 7 G
I 7%
20} I
10
0 M eu ee
Lepton flavor

Events / 5 GeV

[ \s=13Tev,13.2%" [ Juw

T T T T T T T T T
ATLAS Preliminary #Data  [lttH (sm)
Hetezry
. Diboson . Non-Prompt
D Other 7/ Total uncertainty |

Loose ftZ VR

o520

o ; "‘:i

40 60 80 100 120 140 160 180 200
m(£ofy) [GeV]

ttW and ttZ validation region
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ttH multi leptons

g bW e HOWW, ZZ, 11 &2

EXPERIMEN

Higgs boson decay mode AXe
Category WW* 1t ZZ* Other (x107%)
- H=WW, ZZ, 11 200Thaa  77% 17% 3% 3% 14
21T, 46% 51% 2% 1% 3.9
_ 3L 74% 20% 4% 2% 9.2
g r— bW- 4¢ 72% 18% 9% 2% 0.88
L L L L L L L L - 1
ATLAS Preliminary  Vs=13Tev, 132 10" CMS Preliminary _2.3+12.9 fb” (13 TeV) CMS?
—tot. stat. tot (stat, syst) Dus 12336V .
Fon 40737 (73, 719) [
26 1Thag e 6.2 735 (128 2% CMS has better
s ta sensitivity with
s e 0.5 6 (Gos =i5) MVA analysis
| < 2.2 (68% CL) (and slightly
----------------------------------------------------------------- larger dataset.)
Combination FeH 25 j? (fS_‘Z, fé;)
o 5 015 20z

best fit uﬁH for m =125 GeV

ATLAS-CONF-2016-058 SM CMS-PAS-HIG-16-022



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-022/index.html

Summary on ttH analyses (G, ./Gcy)
CMS

CMS
| éé
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&) ATLAS (Run-2)

ttH Channel p=o/osm ATLAS Preliminary ys=13 TeV, 13.2-13.3 fb™
(mpg = 125.7 GeV) — total stat. (tot.) (stat., syst.)
] +1.5 ttH(H [ & +1.2 +1.2 +0.2
7Y 19° 1.2 (13 Tev 1(3.3_;!1)’) 03 4o (40092 )
o 20E L8277 1 wwirwzz) 25 1 Y00 )
T _1_41_Lg-'§ (Run1l) (13 Tev 132 fb?)
ttH(H—bb) e—— 21 '3 (102,157)
4] ) (13 Tev13.2 ™) . ' '
31 — . 2.0 tg? ttH ?I%nle\il?ation e - 1.8 tg; ig‘j : :g'g )
Same-sign 21
& 3 ttH combination o o Lr B 5.5 )
Combined 9511 Runil (7-8Tev,4520307) , = | | 2 I R I e
20 10 (Rund 0 2 4 6 8 10

Combination for run2 is not yet done.

Run-1DEREZFEZ TL VS,

CMS-PAS-HIG-16-022

CMS-PAS-HIG-16-020
CMS-PAS-HIG-15-008

best fit e, for m =125 GeV

ATLAS-CONF-2016-068

2016 FEDET—AREFEZAILRZSD,
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VH, H>bb analysis

e Reconstruction on W and Z

ATLAS-CONF-2016-091

—e— Data
I VH(bb) (u=1.0)
Diboson
tt
Single top
Multijet
B W+(bb,bc,cc,bl)
I Z+(bb,bc,cc,bl)
[ Uncertainty

@

o Iepton Z%vv 1-lepton: W2>1Iv 2- Iepton Z%II
= 1600 > R IR DL I IR I | IARREE = T T T B
D - L
3 C ATLAS Prellmlnary :ﬂ?;bm w1 & B ATLAS Preliminary -\Elm?:b}g_ w4 & 25U_ATLAS Prehmlnary +\[3f|'[?,m R
-i Diboson — v
10 14001 {5=13TeV [Ldt=1321fb g T 8 000f F- 18TV [Lot=1321b" Diboson 1 w» C o 1aTev [Lot—132%" Diboson ]
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5 12001 py = 150 Gev Mzoobecch) | [ pyzis0GeV mWopbbocc | 8 2000 p¥x 150 Gev =ﬁ?.‘§a"r§fn‘i; 0
i :_ I:.I Pre-fit background _: & 800~ 5 %.I;Eg:g? n:;: w4 ow - Prefitbacksround N
1000 ] C Pre-fit background | = -
C ] B i 150— ]
800 > — 600— — C 7
; MET >150 GeV - VpT > 150 GeV | VpT<150 G&V,
600:237:4' (Trigger) 3 mozﬂ&’z‘&ﬁﬁﬁ} R 100 IRV
2 L Tk - - e
400 ] = H ] L
] C ] 50—
200 ] 200 E . :
] [ — o -
T O W | . L -
- I 1 " gt
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o @12 F 4& = E ) ——
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For O-lepton case

VH, H>bb analysis

e Reconstruction on H=>bb

W/Z

> 1600 T T T T
8 - ATLAS Preliminary =VH:bb)u.=1.o) ]
12 1400 f5= 13 TeV [Ldt=132 0" Diboson -
- = 0lep., 2 jets, 2 tags Single top —
@ C W+{bbbc.ccbl) |
= 1200 p¥ = 150 GeV =2+[bb,bc.cc,b|: -
> - [ Uncertainty =
L 1000—_ ..... Pre-fit hackgmund_—
800 -
600 = —
400 'E
200 s ]
. | :
.D'_I-S:_IIIIIIIII|I||||||||||||||||||_
E E
% 1 _—.——o——_-¢—_—+——_—b PR Y-S TP By —
s 05 B [
o

150 200 250 300

350 400 450
E™= [GeV]

Events / 30 GeV

Data/Pred.

Main BG is Z+bb and ttbar
(ttbar for 1-lepton is largest)

On the side of H=>bb at 125 GeV, VZ, Z=>bb.
— Use this process as cross check.

L L DL L IR LI I B T
- B B D'ﬂ't —
5001 ATLAS Preliminary =\r|_-|[?;bm=1.m ]
L [5=13TeV [Ldt=1321" " n
| 0lep., 2jets, 2 tags Single top ]
C Wailbbbceecbl)
400 Py = 150 GeV B Z-bbbccob)
L = Uncertainty .
- amam Pre-fit background —|
300 —
EDD:— bt sl
1001,
1 2 :_I T | T | T | | T T T T I T T T I
1 Btssrmercoaror Lwtu—u ,,,,,,,,,, ,£+J_.L-'-Lf ot
D-S ;_I 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 1 1 1 1 I 1
50 100 130 200 250 300
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ATLAS-CONF-2016-091
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VH, H>bb analysis

e In order to maximize sensitivity, MVA is used.

qgr W/Z Input variables:

- Most sensitive variable is Mbb
- Mtop, scalar sum of jets

- Angles between objects.

o LA LA LA NI B L B B b: L L L
— L . —e Data .
< 1000{— ATLAS Preliminary mm VH(bb) (1=1.0)

q H % [ E=13TeV|Ldt=132%" Diboscn .
= 1 lep., 2 jets, 2 tags Single top i
= m Multijet 7]
L 800 P, = 150 GeV B W+ibbbecebl)  —
- ] ﬁ+!bb,b§:.cc,blﬁ —
- noartainty _
For 1-lepton case - 2 pre fit background |
= {000F "1 T T T D! = EFGD_ ]
8 I ATLAS Preliminary mm VH(Bb) (1=1.0) - 7
2 [ F=13TeV [Ldt= 13210 Diboson - -
- | 1lep., 2jets, 2 tags S le top _ |
€ 800 pY = 150 GeV = I:JM,M B “_'m ]
2 L M Z+(bb ] 400 uggap
Yo 2 ey ound =+ .,_; .
: B —— -
400 200— —
200: -
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B12p o 1 =t—~ _1:———+—:+__£ O et s
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iy, [56V] - —OB—DE Dd—GE D 02 04 0.6 DB
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Result: ATLAS VH Hbb 13 TeV (13.2 fb1) =

ATLAS-CONF-2016-091

0 10° AR R RARRE AR R R RARRE RN
5 [ ATLAS Preliminary - Data . ATLAS Preliminary ({s=13TeV, [Ldt=132f" =~
IS 10 Vs =13 TeV [Ldt=13.2'b'1 -VH{hh}{pl=1.D) ?E L T T T T ] T T T [ T T T ] T T T ]
5 |  Diboson -
@ 10f -gingle top E — — Tot. ]
- mm W+(bb,be,cc,bl) Stat Tot. ( Stat. Syst. )
10 I Z+(bb,bc,cc,bl) E ) 0.90 0.64 +0.63
3 +0. +0.64 +0.
10* - 2 lepton —r=e=H -0.247 yes (Zoss —o60)
5 .
? E tlepton — I—e—n 0.25+02% (“081 “087)
10° =
10E = Olepton |-  F—o—H 0.47jg'ég (tggg tgjg) —
1 _E J
il N T A S A e +0.51 +0.36 +0.36y |
: 2£ T : TTTT : TTTT : TTTT : TTTT : TTTT | TTTT TTTT TTTT TTTT | T J__ Comblnatlon ' I. ' I |0.21 - D.5|0 ( - 0-3? - 0.36 ) |
m - —_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RN S e A W ; 0 2 4 6 g 10
E —2'_I_I | 1111 | 1 |'|—r$'|—r| | | 1111 | 1111 | 1111 1111 | 1111 | 1111 | I_|_' 1 —_— —_—
o 4 35 3 25 2 —15 -1 05 0 05 Bestfit u=c/og, for m,=125 GeV
|Og1D(SfB} a8 o .
e Expected sensitivityis 1.9 ¢
e Low mu value was observed (again)
Cross check on VZ cross section measurement — Runl: n=0.52+0.40

0.32 o -
u,,=091+0.17 (sz)toz'% (SyS) CMS result is not released yet.
o « Systematic uncertainty is comparable

- Observed significance: 3.2 ¢ with stat uncertainty.
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Systematic on VH Hbb
) s

* Major contributions are ALAS o2 o1 o o1 o2
b-jat tagging efficiancy 0 KI/ ;/////2 .—H

Z+HF normalisation ! V// A | I-i,';-l |
c-jet tagging efficiency 0 . h : 5/ i
b-jet tagging efficiency 1 i : E/f/ I : |

— Related B-tagging

e Only preliminary efficiency

. 2-lepton ﬁ.ﬂorma]isaﬁon i V A |
measurement is perform " i, o —— |
. ff normalisation (3-jst) : V par > :
Expect to be reduced ot b 7 . ——|
amount of data B ZE
M ° OHepton Z+HF.'10rrnaJisij; i °F "V *‘
— Normalization e _—

- Shrink with amount of Z -“r

c-jat tagging efficiency 2

data. Control region can be 7| ——

|
|
|
Light-flavour tagging efficiency 0 : ® E |
1 1
|
|
|

used. 5

Single top t-ch. p‘;

ET= soft luti ' :
— Shape on BGs i —

=3

-

Single top Wt m, shape

e

o

* Dijet mass modelin S ——
J g Jet energy resolution i .—Eﬂ—.

d VpT modeling ATLAS Vs=13TeV —e— Ful l‘lﬁ-e.:m

Normalisation

. . Jﬂ Ldt=13.2 fb" +1o Postfit Impact on p

Preliminary|m,12s cev [ -t Postit mpactony
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

Aim for Hbb observation with full 2016 data set. 2 15 -1 05 0 05 1 15 2

(after combination with Run-1) ATLAS-CONF-2016-091
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Systematic on VH Hbb

 Major contributions are ATLAS ‘—o|2 o ? 0-10-3&“
"M H>bblZ I
VBF, H=>bb .
VBF+y, H>bb DfETEHEITH, '

— N (Sensitivity[F{E<. 50 fo 2 E (XN E, ) :
CAFSEITIVH, H> ccfBAT 6 BI1A . l

—st A IEABIFYVH, HDbb I

' 2016FF MFull datasetf# 7|} ﬂd' > I
o e

Aim for Hbb observation with full 2016 data set. 2 15 -1 05 0 05 1 15 2

(after combination with Run-1) ATLAS-CONF-2016-091
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High mass resonance search!
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VV / VH searches
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e 2HDM, HVT, Graviton
—VV : WW, WZ, ZZ (and vy, Zy)
—VH : WH, ZH
e W:lvorqq

HVT

e Z:vwv, Il orqq
e H: H=>bb

 Decay from heavy particle carry
large pT.
— Use Large-R jet to reconstract.
— ATLAS: R=1.0 is choson.

Graviton

>>160GeV



Boson tagging

e HiggsDpTHhELLDE..
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Boson tagging
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e HiggsDpTh E<iEdE...
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Low mass

2015 result
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, 1-lepton, O-lepton (vv+jet, JJ)

Good mass resolution

c(pp—HVT-WZ) [pb]

good in trigger

> High mass

High signal yield
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VV reso search : 2-lepton
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VV reso search : 1-lepton
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VV reso search : 0-lepton (JJ)
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VV resonance search with 13-15 fb-1
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Z’>ZH, W > WH with JJ .
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