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HIGGS COUPLINGS
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HIGGS COUPLINGS
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COUPLINGS
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COUPLINGS
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COUPLINGS
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TOP COUPLING

CMS Preliminary {s=7TeV,L=<5.1fb" \s=8TeV,L=19.6fb"
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TOP COUPLING
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TOP COUPLING
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TOP COUPLING
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TOP COUPLING
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¢ Measuring rate of Higgs produced in association with
top quark pair only way to directly measuring coupling
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MEASURING TTH

¢ Measuring rate of Higgs produced in association with

top quark pair only way to directly measuring coupling

K. Lannon
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KA

MEASURING TTH

¢ Measuring rate of Higgs produced in association with

top quark pair only way to directly measuring coupling

At 8 TeV: OttH

At 7 TeV: OttH

K. Lannon
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| I25OI | |
M, [GeV]

300

UNINVERS I'I"Y.:OF

(1) NOTRE DAME



HIGGS DECAYS

% UNIVERSITY OF

71/ NOTRE DAME

K. LLannon 9



HIGGS DECAYS
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HIGGS DECAYS
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HIGGS DECAYS
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* With My = 125-126 GeV, many difterent decay

modes available
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EXP. SIGNATURES

Top Pair Decays

Dilepton
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EXP. SIGNATURES

Top Pair Decays Higgs Decays

Dilepton

H- 22

A

% Results in final states with one or more of the following:
¢ Multiple jets (multiple b or t tags)
Multiple leptons (e, H T)

s Photons

% Missing transverse energy
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EXP. SIGNATURES

Top Pair Decays Higgs Decays

Dilepton

H- 22

A

% Results in final states with one or more of the following:

# Multiple jets (multiple b or T tags)
¢ Multiple leptons (e, p, 1)

% Photons

S Missing transverse energy

KA

% Spectacular signatures requiring different techniques and tools for
backgrounds depending on final state
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EXPLORED SO FAR

(Hadronic Tt final state)
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EXPLORED SO FAR

(Hadronic Tt final state)

(Leptonic final states)
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SIGNATURES

e/ e/
/ . t ¢
/TR . b g RO » b
b -
H .
praaaaa praaaas
b »’
g “ = l_) g « < B
t (v) L
(e/ 1)
¢ Many ditferent objects:
) charged leptons (g,ﬂ) % (0 or 2 :kight flavor jets
% 2-4 b jets % 0 or 2 hadronic t’s
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.

Lepton + Jets (LJ)

—_— E};:icgt}rlan.)T i Jet: pr > 30 GeV; Inl < 2.4
Inl < 2.47; 90% efficient % b-Jet: As above tagged
1solation cut (eb = 70%, erLr = 1%)
Muon: MET:
Tight: pt > 20 GeV; Electrons:MET> 30 GeV,
Inl < 2.5; Isolation: <4 GeV Mr > 30 GeV
calo, < 2.5 GeV tracks Muons: MET > 20 GeV,

MET+Mrt > 60 GeV

UNIVERSITY OF
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SIGNATURES

Lepton + Jets (LLJ) Dilepton (DIL) Hadronic tt (TAU)
ey Fleetron: . :

Tight: pr > 30 (20) GeV; Jet: pr > 30 GeV; Inl < 2.4
Inl < 2.5; Iso < 0.1 % b-Jet: As above tagged by

Loose: pr > 10 GeV; CSV (e, = 70%, err = 1%)
Inl < 2.5; Iso < 0.2

L /@ Hrtdlrogiclz T: pTl > 2(;) Ger‘l

b e ey - n =2 Lilsolatec (M)
Inl < 2.1; Iso < 0.12

Loose: pT > 10 GeV; —_—e3  MET: No cut

UNINVERS I'I"Y.:OF
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BACKGROUNDS

A

¢ Spectacular signal = Challenging backgrounds

Al

¢ Most have real top quarks!

A

¢ Normalize to (IN)NLO inclusive cross section prediction

% Model (Njets, kinematics) using ME+PS MC or NLO+PS

tt+V EWK _acp

EWK tt+V _EwK
S

Single t

Single t tt+Vv

Single t

LJ/DIL
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EVENT CATEGORIZATION

e/p
W b-jet
Vv
g > > b
b

Signals and backgrounds
contribute at different
levels in different categories 4 Jet

5 Jet

CMS has dilepton and

hadronic ditau channels also

> 6 Jet
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) NOTRE DAME

K. Lannon 19



ATLAS BKG COMPOSITION

4 jets 4 jets 4 jets 4 jets 4 jets

0 b tags 1 b tags 2 b tags 3 b tags >4 b tags ATLAS
Preliminary
(Simulation)
m, = 125 GeV

5 jets 5 jets 5 jets 5 jets 5 jets I tf+HF jets

0 b tags 1 b tags 2 b tags 3 b tags >4 b tags [ Jtf+light jets
ity
[ ] W+jets
[ Z+jets
[ Diboson
B Single top
B Multijet

> 6 jets > 6 jets > 6 jets > 6 jets

0 b tags 1 b tags 2 b tags 3 b tags

v (5 (S

K. Lannon 20
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CMS BKG COMPOSITION

Pre-Fit

10°

Events

Data/MC

K. LLannon

\s=8TeV,L=19.51fb"

CMS Preliminary

ttH(bb.t): LJ + DIL + TAU ‘

B-only p-value (x?) = 0.001

LJ
6j2t

LJ
4j3t

LJ
5j3t

LJ
6j3t

LJ
4j4t

LJ
5j4t

LJ
6j4t

DIL DIL DIL TAU TAU TAU TAU TAU TAU

3j2t

4j2t

21

3t

41t 5]1t 6j1t 4j2t 5j2t 62t
channel and category

Bkg. Unc.
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SEPARATING S FROM B

¢ Traditional approach: ook for bump in “My”

distribution
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SEPARATING S FROM B

2

¢ Traditional approach: Look for bump in “My”

distribution

H <
B > Muy
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SEPARATING S FROM B

2

¢ Traditional approach: Look for bump in “My”

distribution

H <
| R, A > My
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SEPARATING S FROM B

A

s Traditional approach: Look for bump in “My”

distribution
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SEPARATING S FROM B

2

¢ Traditional approach: Look for bump in “My”

distribution
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SEPARATING S FROM B

Al

s Traditional approach: Look for bump in “My”

distribution

CMS Preliminary \'s=8TeV,L=19.51fb"
B Lepton + =6 jets + =4 b-tags

Events

805— /% /

Data/MC

0 50 100 150 200 250 300 350 400 450 500
best Higgs mass
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% ATLAS:
2 For bkg rich categorles Use global event variable Hrt

% For >0 jet, 3 tag and =6 jet, 4 tag, use reconstructed
invariant mass (likelihood technique)

 Use MVA: BDT using kinematic, angular, and b-
tagging variables

P
g

 Separate dedicated MVA to discriminate against tt
+bb

CRs % UNIVERSITY OF
k-l

11) NOTRE DAME
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MASS RECONSTRUCTION

B myph?
w IIIIIIII | L | IIIIIIIIIIIIIIII
= > 6 jets, >4btags
W v i C—J A

C Higgs particle matched (26.4%)

t s b mbb? _g J b-quarks from Higgs matched (20.2%)

g > - S B All partons matched (7.5%)
b <

H M bb ) 0.2 ATLAS Preliminary (Simulation)
P A - B my, = 125 GeV
b 0.15F

Rl T S22 01 N
t
% mbh? o
00 ="50 100 150 200 250 300 350 400
mbb? m, ;- [GeV]

Thods TJ( o |Ebhad) X TJ( - |Eblep) X TJ( o |qu) X TJ( ety Iqu) X TJ( ets |Eb) X TJ( et IEb)

T,u (pT,,u | pT,,u)
X BW {mq1qz | mw, FW} X BW {my, | my,I'w}

X BW {mqlqzbhad | Miop 1_‘top} X BW {mlvblep | Miop, 1_‘top} (3)

e (E)r(niss | p;) i (E;niss | p;) v { T gEe | Ee) }
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MASS RECONSTRUCTION

B mpb?
e TTTTTTT T | LI | LI | LI | LI | T T 1]
W - K \\ : ATLAS Preliminary (Simulation) -
. &N/ T . : —
t mupb? - gy : > 6 jets, > 4 b-tags ]
g > > b : . r VAVRES] ; i -
b

Total background

H mbb? _ ; | :...: ------- ttH (m,, =125 GeV) _;
Prassaas 0.08/— -
b C _ ]

b

Arbitrary units

mph? 0.06:— E
gm t‘ . 0.04 : |
W Mbb? ooal [
=500 Y80 ho0 20500 30 400
mbb 9 MbB [GeV]

Thods TJ( o |Ebhd)><TJ( Eiet, | Ep, )XTJ( Jet3|qu)XT]( Jet4|Eq2)XTJ( Jetleb)XTJ( ]et6|Eb)

e (E)r(niss | p;) e Bt (E;niss | p;) X {T Z;T e || llj;) )}
N L A

X BW {mcnqz | mw, FW} X BW {my, | mw,1'w}
X BW {mqlqzbhad | Miop, 1_‘top} X BW {mlvblep | Miop, 1_‘top} (3)

%<
K. Lannon 95 ‘
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MULTIVARIATE APPROACH

CMS Preliminary ls=8TeV,L=19.5fb’ CMS Preliminary ls=8TeV,L=19.51b’
(/2] (7)) _
T B Lepton + =6 jets + =4 b-tags T - / Lep + T, 7, + 2 jets + 2 b-tags
o o 9 7,
LI>J i I.|>J C 4
100_— 8 A
N m f
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ttH(bb,tr): LJ + DIL + TAU

1 I 1
. Fit +10 Fit 20 S+B p-value (x?) = 0.997

—+

LU L L L L L L DL DL DL TAU TAU TAU TAU TAU TAU
6j2t 4i3t 53t 63t 4j4t 54t 6j4t 32t 4j2t 3t 4j1t. 5i1t {1t 4j2t 52t 6j2t

channel and category

K. LLannon
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> - ATLAS Preliminary  e+u > 6 jets, > 4 b tags
o 14 _
o [ |Ldt=471" —e— Data (is = 7 TeV)
Y B B ttH (125)
> 12k C i
< B [ tiv
0 u [ W+jets
o 10 I Z+jets ad
B [ Diboson
8_— B Single top
- Bl Multijet
B X2 Tot bkg unc.
6 @~
4
21~
oF
2 15
S 1
S 0'5; T R o
0 50 100 150 200 250 300 350 400
m s [GeV]

K. Lannon

SYSTEMATICS

Pre-Fit

Events / 20 GeV

Data / MC
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Po

st-Fit

~ ATLAS Preliminary

14 1
- [Ldt=47fb

12

10

%
%2

%%
RS

XX

o
|

4>‘II|IIII

Q

1.5

—
X

SRS

RS

%

5
%
%S
%
&
P
L
%,
Q)

iy

0.5

e+u >6 jets, >4 b tags
—e— Data (s =7 TeV)
B tiH (125)

C It

0 tiv

] W+jets

O Z+jets

] Diboson

B Single top

B Multijet

) Tot bkg unc.

ey
SOOISES
) SRS

o
ol
o

100 150

200 250 300 350 400
m [GeV
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95% CL Limit on o/c,,

50

40

30

20

10

ATLAS RESULTS

—  ATLAS Preliminary \s=7TeV, j Ldt=4.7 fb” ]
B —o— Observed (CLs) -
C e Expected (CLs) ttH (H — bb) -
[+ 10
+ 20

| l 1 | | | l | 1 | 1 I 1 | 1 | I | | | 1 I 1 | | 1 i 1 | 1 | l |

110 115 120 125 130 135 140

m,, [GeV]

Exp: 10.5, Obs: 13.1 @ My = 125 GeV
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CMS RESULTS

.

CMS Preliminary \s=8TeV,L=19.5fb"

=== Expected = 10
----- Expected = 2 o

— Observed

Combination

Lepton + Jets |—

Dilepton —

Tau —

1 1 1 1 1 1 | | 1 | | | 1 | | | 1 | 1 1 |
0 5 10 15 20 25 30 35

95% CL limit on o/og,, at m,, = 125 GeV

L — e —————
Combined: Exp (Obs) Limit = 4.1 (6.2) x SM

UNIVERSITY OF

1) NOTRE DAME
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2 CMS RESULTS

CMS Pr
CMS Preliminary \s=8TeV,L=19.5fb"
Lepton + Jets —
Combination —
Dilepton —
Tau —
 — Lepton + Jets —n
Dilepton — e
Tau —
| | | | | | | | | | | | | | | | | | | | | | | | | |

6 -4 -2 0

Best fit o/og,, at m, = 125 GeV

2 4 6

Consistency among results

K. LLannon 38
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4

|

W CMS RESULTS

CMS Pr | fo
combimation L CMS preliminary Lepton+Jets, Dilepton, Tau \s=8TeV,L=19.5fb"
E [ H
o - —— Observed ; 5 s
Lepton + Jets |— ~ — : : :
O 14 ..... L. ___ .......................
: : """ ttH(1 25) InJeCted
Dilepton — o |
- 12_ ..... - EXpeCtedi 10- .......................
T § Expected = 20 ' : :
e : : G
— GeV
‘ (&)
.— o\o | —
Lo
(o))

B | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
10 115 120 125 130 135 140
my, (GeV)

S — 5 Spratite
No real mass sensitivity

UNIVERSITY OF
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CMS RESULTS

CMS Preliminary \s=8TeV,L=19.5 fb’ CMS Preliminary Vs=8TeV,L=19.5 fb
=8 Expected + 10
Combination — & p e Expected +2 o Combination (— |
— Observed
Lepton + Jets |— Lepton + Jets |— B
Dilepton — Dilepton — ]
Tau — Tau — L
1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1
0 5 10 15 20 25 30 35 -6 -4 2 0 2 4 6
95% CL limit on o/og,, at m,, = 125 GeV Best fit o/og,, at m,, = 125 GeV

B T — T — T ——

CMS preliminary Lepton+Jets, Dilepton, Tau \s=8TeV,L=19.51"

-  —e— Observed

14 __ .......... ttH(1 25) injected ... .......................

12 :_ ..... - Expected + 1o .......................
Expected + 20 ' : :

95% CL limit on o/ay,,

B 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1
?10 115 120 125 130 135 140
m,, (GeV)
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SIGNATURE

Use all hadronic, lepton + jets, e/
and dilepton top pair decays

vV
g tr > b
Y
H
&
b
All-Hadronic: 0 leptons; > 6 jets (= 2 4-tag)
Lepton+Jets/Dilepton: > 1 lepton;
> | b-tagged jets; MET > 30 GeV
MWVWWW - Photon: Inl < 2.37, 1solated
Leading: pt >40 GeV
Subleading: pT > 30 GeV Jet: pr > 25 GeV; Inl < 2.5
—  Flect M :
ec >r(iI; E 101;(21}1ZV. % b-Jet: As above tagged by
pT : CSV (eb = 70%, erLr = 1%)

Inl < 2.47 (2.7); 1solated
K. Lannon 49
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SIGNATURE

Use all hadronic, lepton + jets,

. . e/
and dilepton top pair decays

1%
 TRROOO00 b
.
H
Y
b

All-Hadronic: 0 leptons; > 4 jets (= 1 4-tag)
Lepton+Jets/Dilepton: > 1 lepton; > 2 jets

(= 1 b-tag)
MWV Photon: Inl < 2.5, 1solated
Leading: pt > 60 x (myy/120 GeV) GeV
Subleading: pT > 26 GeV Jet: pr > 25 GeV; Inl < 2.4
—> Electron (Muon): b-Jet: As above tagged by
pt > 20 GeV; Inl < 2.5 (2.4); % CSV (e = 70%, err ~ 1%)

UNINVERS I'I"Y.:OF

NOTRE DAME
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BACKGROUND

T [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ [ [ _:_"'_5 o °
>5000[ LT Barny * Main backgrounds:
Q) " V(s=7TeV,L=5.11f5" (MVA) S+B Fit o
L0 | (s=8TeV,L=19.6fb" (MVA) Bkg Fit Component a Tt +photons

1

N
o
o
o

[ ]+1o '
=

% % tt+)ets (—take photons)
03000 - 2 ;
@ r 1 % Estimate model
© - _
250000 - backgrounds
> [ :
2 : 2 Take advantage of
%1000 __I l H% - excellent mass
ne uswe : :
2 Y o resolution
2 110 120 130 140 150
m,, (GeV) ¢ Backgrounds should be
smoothly falling
ttH has much fewer events! b

UNIVERSITY OF

NOTRE DAME

K. Lannon 44 =+




Al

¢ Low statistics 1n signal region makes fitting background challenging

I
I

Al
\

K7\

Validate background ﬁtting function 1n control region with more
statistics

Al

¢ Control region defined by inverting photon 1D requirements for at
least one of the two photons

CMS Preliminary, s = 8 TeV

(D : - - :\1 4000 I_I | T T 17T | T T T | T T 17T | T 1T T1TT | T 1T T1TT | T 1T T1TT | I_I
-"§ 0_4:_ ATLAS Prellmlnary Non-isolated, non-tight y ID ‘;’ @ ttH Hadronic Channel .
> 0.35E J Ldt=20.31fb" —=— Yy + 1+ jets (atleast 1b) 120001 | e Data sidebands

_::E 0.3 E_ s = 8 TeV —4+— Y7 + 2-4 jets (at least 1b) LICJ :_% Control Sample ]
2 TE Y + 2-4 jets (b veto) 100007 [ ]ttH (125) E
< 0.95E eptonlc Channel B ]
. : 8000 7 7
0.2 - = B ]
- 6000 — 7
0.15 | % ' ‘ ' ‘F : :
0 15_ — 4000~ e -
0.052— 20000 [ ‘:
E 1 1 | | | | | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | | | | _| 1 | I I | | I | | 1 |—o—o—£1:|g_|_$_|_|_mj:¢|:;

00 110 120 130 140 150 160 0 2 3 4 5 6 7 8
Myy [GeV] Number of Jets
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1) NOTRE DAME

K. Lannon 45



Channel | Ns | ggF(%) VBF(%) WH(%) ZH(%) tH(%) tH(%)

Pa

NS

Leptonic

Hadronic | 0.36 53 bee]

0.55 ‘ 0.6 0.3

or background c

=

Tidh 2.4 G
1.1 133 -

other Higgs ana

A

LYSES

Process Hadronic Channel Leptonic Channel
ttH 0.567 (87%) 0.429 (97%)

gg — H 0.059 (9%) 0 (0%)

VBF H 0.006 (1%) 0 (0%)
WH/ZH 0.019 (3%) 0.013 (3%)
Total signal 0.65 0.44

¢ Other Higgs production mechanisms can be treated as signal
epending on question you're trying to answer

“ Prediction based on same MC used for signal modeling in

¢ Challenge: Need to consider signal with extra jets/b-tags

¢ Uncertainties on prediction combine theoretical and experimental

constraints

¢ Standard uncertainties on (N)NLO predictions

2.

Al

A

K. Lannon
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¢ Additional uncertainties extracted from studies of tt+jets/tt+bb
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¢ Smooth fit function chosen: Exponential (CMS All-had is 2nd-order polynomial)

Az

¢ Background function fit simultaneously with signal extraction

CMS Preliminary (s = 8TeV L = 19.6fb”

% 85— ttH(—yy) hadronic channel —4 Data
> 10: b '[5 't T T AL I'S' A L g E —— Bkg Model
o = ¢ DLala ATLAS preliminary_3 ~ 70 1o
O 9§ SR+CR background fit P y = .."E’ 7: 1
© 8E ... SMsignal (m =126.8 GeV) E S of =20
L e SR-only background fit E w 1xXSM m,, = 125 GeV
§ 6 Signal region Hadronic channel 3 sF-
O 5 = :
4= = at-
3= E :
2; _; 3:— L 1 J L |
1_;__ P S NPT k. ; 2:_ | |
40F ~ Gortiolregion Va8 Tev JLA =208 1~ |
C s - - - - ] L | | [ ) | | | | | | l | |
100 110 120 130 140 150 160 100 120 140 160 180
m,, [GeV] m,, (GeV)
I UNIVERSITY OF
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RESULTS

30 -CMS Preliminary {s=8 TeV/ L<19.6

(% B !IIII!IIII!IIII:IIII_
- E — Observed E
s Ap 7T 71 7 T 1 T ] 1 o5
E(f) E —— Observed CLS limit H— Y E % - - Expected = 1o
° 35 —— Expected CL, limit ttH channels comb. ~, r
S of M:o ATLAS preliminary - £ 20 EXp?Ctedi?G
£ F Data 2012 s =8 TeV ] [
o “F [Lat=2031" - T A I ..oy
s 20F E °
(@)} L — L
15 — 10—
10~ -
o —
O:I rl-;-l-ll-II-I-I-I-II-II-I-II-ITI-II-I-II-I-Il-lrl-ll-l-ll-ll-l-r-l-lI-II-I-II-I1 : 1 1 1 1 | 1 1 1 1 | [ I | | | I I | | 11 1 1 | 1 11 1 | 111 1 | | I |
120 122 124 126 128 130 10 115 120 125 130 135 140 145 150
my [GeV] m,, (GeV)
T — T T — T ———
Exp: 5.4, Obs: 4.7 @ My = 126.8 GeV Exp: 5.3, Obs: 54 @ My = 126.8 GeV

Limit set on overall Higgs production

K. Lannon 48
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RESULTS

HI_'E 40_| | T T T | T T T | .I .I T | T T T T T T I_
o - —— Observed CL, limit H — yy ]
& 35 —— Expected CL, limit  ttH channels comb.
< sof. Bl +1o0 ATLAS preliminary -
E o Data 2012 Vs =8 TeV -
- = f Ldt = 20.3 fb™’ ]
O oF -
X - .
Kp] C T
® 15 —
" I
5 =
0:| i i et e I [ i i M | |:

120 122 124 126 128 130
m,, [GeV]

Exp: 6.4, Obs: 5.3 @ My = 126.8 GeV

K. LLannon

-2A InL

1.5

0.5

CMS Preliminary (s=8 TeV L=19.6fb™

|IIII|IIII|IIII|IIII|IIII|IIIIyII

[ A~ 1T T T | T T T | 1T T 1

ttH(— v v)
m,=125.5 GeV/c?

_ 2.4
Wetm— 0255

Hadronic and leptonic combined

—— Observed (”ggH=1 )

Expected for SM H (uggH=1)

~
I I ’~l I | | I

1

2 3 4
MttH

Fixing other Higgs production to SM expectation.
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SIGNATURES

A

* Higgs decaying directly to leptons (¢, or s) too rare
(for this luminosity anyway...)
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SIGNATURES

/2

* Higgs decaying directly to leptons (¢, or s) too rare
(for this luminosity anyway...)
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S

decay to 1eptons

K. Lannon

SIGNATURES

53

¢ There are several Higgs final states that subsequently

/‘1[
! I\/J\/<
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SIGNATURES

-
— .

¢ There are several nggs final states that subsequently
decay to leptons |

One lepton from top decay, one lepton from Higgs:

SS lepton pair + 2 b-jets + 3-4 other jets
K. Lannon (ing g @ NOTRE DAME




S

decay to 1eptons

K. Lannon

SIGNATURES

54

¢ There are several Higgs final states that subsequently

/‘1[
! I\/J\/<
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SIGNATURES

-
— .

¢ There are several nggs final states that subsequently
decay to leptons |

1-2 leptons from top gay, 1-2 leptons from Higgs:

3-4 lepton pair + 2 b-jets + 0-2 other jets
K. Lannon 54 g @ NOTRE DAME




SIGNATURES

N TSN

SS 2¢
—— : ) 95
Electron: pt > 7 GeV; Inl < 2.5 Jet: pr > 25 GeV; Inl < 2.4
Iso < 0.4
Muon: pr > 5 GeV; Inl < 2.5; b-Jet: As above tagged by CSV
Iso < 0.4 . % (Med.: e, = 70%, eLr = 1%);
To satisty trigger: Loose: ey = 85%, eLr = 10%)

Leading: pt > 20 GeV
2 pr > 10 GeV (20 GeV for
SS 29) e [ ]) using Ermiss and Hpmiss

Lepton MVA to reject fakes
K. Lannon 55

UNINVERS I'I"Y.:OF

) NOTRE DAME




BACKGROUNDS
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BACKGROUNDS

Al

 Pro: Lowest amount of background of any channel
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BACKGROUNDS

¢ Pro: Lowest amount of background of any channel

2

2¢ Con: Hardest to estimate/model
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BACKGROUNDS

Al

 Pro: Lowest amount of background of any channel

A

2¢ Con: Hardest to estimate/model
EWK /Rare SM
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BACKGROUNDS

A

 Pro: Lowest amount of background of any channel

A

2¢ Con: Hardest to estimate/model
EWK /Rare SM

tt+jets with fake leptons:
b—+L
Punch-through/decay
in flight

Charge flip (SS)

Need data-driven model
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BACKGROUNDS

A

 Pro: Lowest amount of background of any channel

% Con: Hardest to estimate/model
et /Rare SM

e 50O tt+jets with fake leptons:

ttW h—L

ttZ Punch-through/decay

tty in flight

ttWW Charge flip (SS)
Model with MC; Need data-driven model

check 1n control
regions

K. Lannon 7 =
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TTV/DIBOSON

s Estimated/Modeled from MC, but checked in data

control regions

CMS Preliminary Vs=8TeV,L=19.61fb"
-.(B 24_I T T T | T T T T | T T T T T T T T | T T T T | T T T
C - @ Data ]
O 2o Otz 5
> o ]
W oo Bwz 3
- [[JOthers | 1
18— [JFakes
16— —
14 —o— E
12— —
10 —
8 —
o E
4F — | —
2 —
A B = 5
c -
B O
~ C
8 2f
(U C
() 1
%O 100 150 200 250 300 350
best m(jjb) [GeV]
. Lannon
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Events

Data/Sim.

CMS Preliminary (s=8TeV,L=19.61b"
8= eDam 1
16 mv [
Bom |-
12 —
~ :
8- -
o -
4 L :

- | :
2 ]

e na :

= DN W >
T T

O

0 20 40 60 80 100 120 140 160 180 200
best m(W—jj) [GeV]
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TTV/DIBOSON

s Estimated/Modeled from MC, but checked in data

control regions

CMS Preliminary Vs=8TeV,L=19.6 o'
T T | T T T | T T T | T T 1 T T T T T T | T T 1 | T T T | T T T_]
@ Data

Cwz
[zz

Events

60

40

20

@ o oo b by

Data/Sim.

Q0 100 150 200 250 300 3
best m(jjb) [GeV

Data/Sim.
L DN W >

F— ——

0O 20 40 60 80 100 120 140 160 180

(@)
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TTV/DIBOSON

s Estimated/Modeled from MC, but checked in data

control regions

CMS Preliminary Vs=8TeV,L=19.61fb" CMS Preliminary Vs=8TeV,L=19.61b" CMS Preliminary Vs=8TeV,L=19.6fo"
_'(L) 24_—'"'I""I""I""I""""'_ n 18_'"I"'I'"I"'I"'I"'I"'I"'l"'l'" n =N L LR LU LU ILUNLL LI N BN
c - @ Data ] re B @ Data N T L @ Data -
O ooF otz o - Otzar | 2 1001~ ]
> - = WZ
LIJ 20:_ BEwz 3 Lﬁ 161~ Ewz ] Lﬁ I EZZ i
C [C]Others . C D Others ] : :
18 [JFakes [ 141~ [JFakes |4 | |
- - - . 80
165 = 12 = [ :
14 3 C ] - .
- ] 10— == - 60— —
12 E - . i i
10[- = 8 ~ I §
85 - 6L = 40 7]
6__ ] r T 7
- 7] 4_ ] ]
4F 3 C ] 20 i
oF E 2k = i
= = N I e B . . oA
- s = -
o Of % £ 5
~ r S ~
8 2 o 8 2
© L © ©
S o a 1
Q0 100 150 200 250 300 350 % 20 40 60 80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180
best m(jjb) [GeV] best m(W—jj) [GeV] M (W—lv)
F 8 : :
UNIVERSITY OF
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SEPARATING S FROM B

For SS 2¢: Select variables to

discriminate between ttH and fakes
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Events

Data/Sim.

I —

Events

Data/Sim.

SEPARATING S FROM B

CMS Preliminary

CM§ Preliminary \(5 =8TeV,L=196 fb’
22
20
18
16
14
12

10

N A~ O

N W D

—_

500 1000

H. [GeV]
“

oO

20 CMS Preliminary Vs=8TeV,L=19.61fb"

18
16
14

12
10

N A O

N W D
EENRRREE RN WE

—_

200 250
HII_mSS [GeV]

0 50 100 150

L caeis (o) —

Events

Data/Sim.

Events

Data/Sim.

Vs=8TeV,L=19.6fb"

of[rrrT HH““““‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\I

20 30 40

50 60 70 80 90
Trailing lepton P, [GeV]

CMS Preliminary

———

Vs=8TeV,L=19.6fb"

16

14

12

10

= N W >
TTTT -Iy T T

ﬁ+\\\‘\H‘H\‘\H‘H\‘H\‘\H|\

oO

0.5

1 15 2 25
Trailing lepton Il

U

Events

Data/Sim.

Events

Data/Sim.

CMS Preliminary

Vs=8TeV,L=19.61fb"

25

20

15

10

= N W >

OO

CMS Preliminary

05 1 15 2 25 3 35 4
mlnAR(I2,J)

—‘

Vs=8TeV,L=19.61b"

18—
16
14
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Mr(L,ET™) [GeV]

5 I'TY OF

DAME



SEPARATING S FROM B

CMS Preliminary {s=8TeV,L=19.61b" CMS Preliminary Vs=8TeV,L=19.61b" CMS Preliminary Vs=8TeV,L=19.61" CMS Preliminary \s= CMS Preliminary Vs=8TeV,L=196fb" CMS Preliminary Vs=8TeV,L=19.61"
@ e — — B e o s @ R R R R AR MR RaA @ B B e e @ T T e e L T T @ g T T T
c 22 c C 1 c 22 c c B 1 c C |
o E o 18F 9] E o = o 251 n 9] £ ]
S oob > E > 20F > £ > F b > . [
w c w C w c w 14 w - Bl w L 4
E 16 = E r 1 E B
18F F 18F r [ ] = &
165 145 165 121 2or B F E
14 12 14 10 L ] £ ]
12 8 12 E N B
E 10F E sl [ ]
10E E 10F L r ]
E 8 £ [ ]
8 E E 10 b
C 6 C L 4
6/~ E 6/~ F ]
4= e 4 5 3
2F 28 oF [ ]
£ i £ £ 4 £ £ £
(720 172 (7] %) o %)
s o s o 3 2 s s =
© E © E ®© © © ®©
(a3 2 o 1P [a R 2 a a [a]
% 500 1000 % 50 100 150 200 250 96263040 50 60 70 80 90 . 15 2 25 0 05 1 15 2 25 3 35 4 05040 60 80 100 120 140 160 180 200
H; [GeV] HI'ss [GeV] Trailing lepton p_[GeV] Trailing lepton Il min AR(L,j) M(I,ET) [GeV]
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SEPARATING S FROM B

CMS Preliminary {s=8TeV,L=1961b" CMS Preliminary Vs=8TeV,L=1961b" CMS Preliminary Vs=8TeV,L=1961" CMS Preliminary {s=8TeV,L=1961b" CMS Preliminary Vs=8TeV,L=1961b" CMS Preliminary Vs=8TeV,L=1961"
@ (MO Preminey =8 961 R e e L P e e @ R e e e A o @ e N @ g T e
c 22 B c = B c Bl c 16 = r 1 c = 3]
) = E o 18f H [ E [ F B © 25 M [ r ]
> 20 H > E 1 > = > = 1 > E b > g 3
w c B w C | w B w 14 i} w - - w . 4
18 1 16— = 3 r B r ] C ]
E E £ ] E E ] 20 H 14 B
16~ H 14 H H 12 B r 1 r 7
E 3 £ ] ] r ] [ ] 12 E
14E H 120 H = 10 H r b E q
120 = E E = g i s g 1op i
E 3 10F = 3 r b £ ]
c 3 r B B 8 — C ]
10— - E q - C ] C ] 8
£ B 8 - B ] F 4 E
8 = £ ] = 6 | 10 7 ;
oF E o E E i g ] o
E E| £ ] E 4= H L b F
s 3 N E . 5 ] 5 . ¢
of E| A °F r ] 2
E o E £ g £ o A g
& o El %) 9] & °F @ o o °
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S & ! S g §  EL s f 5
o 1 o a) O 1 a i o 1
% 500 7000 50 100 150 200 250 962030 40 50 60 70 80 90 % 0.5 1 1.5 2 2.5 %05 TT 5 2 25 3 a5 4 05040 60 80 100 120 140 160 180 200
H; [GeV] HMss [GeV] Trailing lepton p_[GeV] Trailing lepton hl min AR(L,j) M;(I,ET') [GeV]

For 3€: Select variables to
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RESULTS

Excess of signal 1s approximately 1.9

(including SM expectation for ttH)
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DIMUON DISTRIBUTION
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% Search for ttH 1s well underway

Al

¢ Leveraging multiple signatures

A

¢ Still more to explore
s« New channels: All-hadronic with H—=bb, etc.

A

% Additional techniques: ME discriminants, boosted topologies

A

¢ Look for hopefully exciting results from Run 2
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% Look for hopefully exciting results from Run 2
% Interesting to start looking at BSM models that enhance ttH

A

¢ Vector-like t and/or b partners one example of BSM model that would
enhance ttH

¢ Complementarity between dedicated searches and ttH search
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% Search for ttH 1s well underway

Al

¢ Leveraging multiple signatures

A

¢ Still more to explore
¢ New channels: All-hadronic with H—=bb, etc.
% Additional techniques: ME discriminants, boosted topologies

A
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Look for hopefully exciting results from Run 2
s Interesting to start looking at BSM models that enhance ttH

A

¢ Vector-like t and/or b partners one example of BSM model that would
enhance ttH

¢ Complementarity between dedicated searches and ttH search

Al

s Top quark looks to be exciting signature for new physics

% Natural SUSY=>(multi-)top quark signatures

A

% Heavy resonances decaying to top pairs
N B4

Al

o~ etC.
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