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Outline

Motivation & (very) brief theory trivia

Covered in this talk
— Searches for SM H—bb
— Searches for SM ttH(—bb)
— Searches for SM H—tt
— Searches for SM H—pup
— A few words on future prospects

Not covered in this talk
— Results on BSM H—ff searches

Disclaimer

— Analyses technical details will be provided in parallel session talks
e ATLAS: Goetz Gaycken, link
e CMS: Andrew Gilbert, link
e Tevatron: Koji Sato, link
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Higgs-like Boson is Found! What’s next?

e July 4th 2012: CMS & ATLAS announced the discovery of a new
boson with mass ~125 GeV which decays to yy, ZZ, WW pairs

* |Is this newly discovered boson a SM Higgs boson or does it have
non-SM like properties?
— Are decay rates, spin & CP properties consistent with SM Higgs?

e Search for H—=fermions decays is one of the most important
goals for the Higgs program
— Are l,_« consistent with SM predictions?
— Is it the same Higgs decaying to H—=VV & H—ff?

* |Is mass the same? CP properties? Br@125 GeV

2
H—bb 57.8%
r N-M, dm;
H

Snvz mf\ M2 H—TT 6.37%
H H—puun 0.0217%
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SM Higgs Production Trivia (for M ;=125 GeV)

ttH

Gluon Fusion 4 VBF _ associated production P

W Z &

q q

Largest production  Unique signature ~ Unique signature Unique signature
mode: ~88% of two jets with with leptons & with 2 top quarks
Utilized by H—tt large M;; & |An,| neutrinos Utilized by ttH
& H—pp analyses  Utilized by H—tt  Utilized by search
& H—bb VH(—Ttt) & VH(—bb)
LHC: 8 TeV 19.5 pb 1.57 pb 1.08 pb 0.13 pb
Tevatron: 1.96 TeV 0.949 pb 0.065 pb 0.208 pb 0.0043 pb
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Searches For VH With H—bb

e ZH—Il+bb

— Signature: two opposite sign leptons and 2 b-
tagged jets

H

ZH - 1lbb  ®

— Major backgrounds: Z+ heavy flavor jets

e ZH—vv+bb

— Signature: large MET and 2 b-tagged jets
— Major backgrounds: top, Z/W+ heavy flavor jets

e WH—I|/thad+v+bb

— Signature: one lepton or hadronic T, MET and 2
b-tagged jets

— Major backgrounds: top, W+ heavy flavor jets

WH — Ivbb
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LHC Results for VH(—bb): Examples of Distributions
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[0 45F- AITLAS Preliminary EmzH 3 < 10 Igr CMS Preliminary — Data _EI
© - J P B WH E - Vs= 8TeV,L=19.0 fb" = %gscg 3
cc\>| 40E Ldt=13.0fb, |s.= 8 TeV Multijet = @ 10 b Z(vv)H(bb) = w++ th _
) = 0 Lepton 2 Jets, E ';"ss > 200 GeV Top 1 E = — g ¥ E E
= 35F mwb 3 E = == Z+udscg 3
[0) = mw 3 3 — V{?glgtop m
o 30 zo = 10" & = VVihoo 5
— |1z — = —— VH (125 GeV) =
E ” Diboson E C <¢2¢ MC uncert. (Stat.) .
25F 5{5?#55555 ---PreFit 5 10° =
= , ; 7 #-Data2012 o = E S a0 3
20F AL D AT J 3 3
o = 10 5
S -
10 —
;.?’IIII;'.'IIIII | 1
5 o
0 1 1 1 1 | 1 1 0-1
40 60 80 100 120 140 =
m [Gev] O 2 I:I MC uncert. (stat. + syst.) MC uncert. (stat.) _E
d =15 =
. . . 3 CE E
Examples of distributions for ZH—vv+bb B i S S S S S L SRR TR O
[m)] 0.5 =
e ATLAS 05 055 0.6 065 0.7 075 08 085 09 095 1
. . BDT output
— Cut-based analysis uses M, to extract signal

* CMS
— Multivariate analyses use MVA-score distribution for signal extraction
* Leading sources of experimental uncertainties

— B-tagging efficiency, jet energy scale & resolution, background normalization
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TT events / 0.04

Tevatron Results for VH(—bb): Examples of Distributions

Two tight b-tags

ZH —>wbb analy3|s sample (tlght b tag)

70

. 1

30

B Multijet ]
] VH(125) x10 e

CDF, 9.5 fb'! - (b) MJ DT> 0 3 —e- Data Dg, 9.5 fb'1 .
60 - B Top
. g 0 V+hi4+VV
:— V+lI.f.

20 ——

10

o 01 02 03 04 05 06 07 08 09 1 -1”-0.8 -06 04 -02 O 020406 0.8 1
NNg, (M = 125 GeV/c?) Final Discriminant

Examples of distributions for ZH—vv+bb

Tevatron experiments

— Multivariate analyses use MVA-score distribution for signal extraction

Leading sources of experimental uncertainties
— B-tagging efficiency, jet energy scale & resolution, background normalization
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Building Confidence in VH(—bb) Results

—— ——— — —r— —— < -1
400 ATLAS Preiiminary .wzlzz g | TevawonRunllL, <10
o u J-Ldt=13.0 5, \s =8 TeV B WH 125Gev ] & 800— 1+2 b-Tagged Jets
B 300F ; ev o I
< r JLdt=4.7fb, \s=7TeV -ZH 125GeV ] % Data - Bkgd
> = 0,1,2lepton ] @ 600
@ 200 o Data- Bkgd g [ . vz
r 7 (0]
- . @ 400| [ Jzz
100— 'F Higgs Signal
- a _ 2
ok ] 200 m,=125 GeV/c
-100F + 0
N R I S E S BN r
50 100 150 200 250 e b b b b b b Ly
0 50 100 150 200 250 300 350 400
m; [GeV]

Dijet Mass (GeV/c?)

* Analysis techniques validated in numerous

data control regions © o CMSProiminay o
* Most important check comes from S — M
measurements of VZ(—bb) production using §-> o S5 v e s s
the same analysis techniques as in VH search : j
* Fitted diboson signal strength 20; 1 ]
— ATLAS: 11,=1.09+0.20+0.22 Ty

— CMS: p,=1.19*028 . (8 TeV only) T
— Tevatron: p,=0.68+0.14+0.14
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LHC Results For VH With H—bb
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L " ATLAS Preliminary \s=7TeV, | Ldt=4.7fb " ] < [ /s=7TeV.L=5.0fb" —eo— CLg Observed ]|
o) B _ o) i = 3 == --e- CLg H125 injected |
c 5L —e— Observed (CLs) ey J Ldt - 13.0 f5" ] (C) 5 Vs=8TeV,L=19.0fb" .-e- CLgExpected
o [ e Expected (CLs) S ' ] — | VH(bb), BDT combined M CL Expected=10_
c T I+ 1o VH(bb), combined ] = - CL Expected = 20
= 41 [ J+26 - | —
— - - 1 .
O C ’ O [ ]
X 3 . 2 4f )
o) B . o 3 N :
(o)} 5 i g_ | |
2 — i i
¥ . o 2
- ] < r A
1F = R b
- — L‘) --------
B i SEEN ]
O C | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1 | ] B N
1 1 O 1 1 5 1 20 1 25 1 30 -I Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il I:
m,, [GeV] 110 115 120 125 130 135
m,, [GeV]

* ATLAS: 17.7 fb of 7+8 TeV data
— 95% CL limit on o/0,, @ 125 GeV: expected 1.9xSM, observed 1.8xSM

* CMS: 24.0 fbl of 7+8 TeV data
— 95% CL limit on o/0g,, @ 125 GeV: expected 0.95xSM, observed 1.89xSM
— Local significance at @ 125 GeV is p,=2.10

5/26/13 XXV Recontres de Blois 9



Tevatron Results For VH With H—bb

CDF VH(—bb) results DO VH(—bb) results

& | — Observed Y ; .
E Senene Expwed wio Hggs : B (a) — 0bse~ed De, 9,5-9.7 ﬂ)
g 10 gy BB Expected 1.8 b = i - = Expected for M,, =125 GeV
o = D i skt N S 0 g -« == Expected w/o Higgs
o Crrsnmaneie B TP T T P T CLLIIEETrryv™ (OPPDETDIPRRST N
§ 8 10 :_ - +1s.d.
"""" ‘é’ *2s.d.
BITTORIN . . . o ¢ s et 44 bt 4 60 44 BT 0 bt 44 06 -
-
&
I — &
@
| - SM=1
.......... T T R . E—— - | | | l | l | |
90 1m 110 120 1% 140 150 llllllllllllllllllllllllllllllllllllllll
m,, (GeVlcz) 100 105 110 N5 120 125 130 135 140 145 150
M, (GeV)

e CDF:9.5-9.7 fb'1of 1.96 TeV data

— Observe excess in a range of 120-140 GeV
— Best fitted signal strength: R (VH—Vbb)=1.72%0°2 .

* DO0:9.5-9.7 fblof 1.96 TeV data
— 95% CL limit on o/og,, @ 125 GeV: expected 2.3xSM, observed 3.2xSM
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Tevatron Results For HV With H—bb

- Tevatron Run I, L, < 10 b — Measured
SM H—bb comblnatlon [ +1s.d.

B Predicted [ ] +2s.d.
----- o, x 1.5 (m, =125 GeV/c?)
o, x 1.0 (m, =125 GeV/c?)

D
o
o

(Oy+Oy,) X Br(H—bb) (fb)
(é))
o
o

B
o
o

w
o
o

PR S T SR NN TR SR Y SR (T TN ST SO TR (Y S S N
90 100 110 120 130 140 150
m,, (GeV/c?)

Combined Tevatron result for VH(—bb) based on <10 fb! of data at
1.96 TeV

— Excess of data over background predictions in the range of 120-140 GeV
— Best fitted signal strength: R, (VH—Vbb)=1.59%0 _,
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CMS Search for H—=bb in VBF Channel

First LHC search for H—=bb in
VBF production

Analysis overview
— 19fblat 8 TeV
— 4 energetic jets, 1 or 2 b-tagged
jets
— Event classification based on ANN

using kinematic properties of not-
tagged jets

— Signal extracted by fitting M,
95% CL upper limit on o/og,, @
125 GeV:

— Expected 3.0xSM

— Observed 3.6xSM

95% Asymptotic CL Limit onc / o,

—_ —_ —_
o \®) &~

Q0

Events / 2.5 GeV
a

IS Preliminary, is=8TeV L=190f7

ol

L N
CAT4

e Data .
—— Background-only Fit
I Fit+1o
[ JFit=20
[ Signal (125 GeV) x 10 ]

80 100 1

20 140 160 180 200 220

540
M, (GeV)

T —
CMS Preliminary  —a— CLg Observed
— - CLg Expected
----- CLg H125 Injected
[ CL Expected= 10
CLg Expected= 20

{s=8TeV
L=19.0 fb"
VBF H— bb
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Search For ttH(—bb) Production

e ttH production is directly sensitive to ttH coupling
 Dominant background is top quark pair production

* ATLAS: v+jets final state; cut-based analysis; event categories based on N
& Nb—tag

 CMS: Iv+jets & 212v+jets final state; MVA analysis; event categories based

jets

on Nleptons' Njets & Nb-tag
b Examples of final discriminants used in fits for signal
2 14'_ATLASPre|iminary e+l =6 jets, 24 btags ® O E:BTe}I,L:S.Hb"
o F[La=a7m’ —&— Data ({5 = 7 TeV) EF Lepton + =6 jets + =4 b-tags
& " . i (125) -4
v s 12f Ezg -
§ - |:|3¢V.jeu
a0 -Z_’jem
e B:— =gi':golseo;:ap
L I Muttijet
b C 223 Tot bkg unc.
6
b f
qla Vy 2;
o
— 1.5F
q,e § 1f-> .......
g 0.5:

0 50 100 150 200 250 300 350 400
m,; [GeV] ANN output

o
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95% CL Limit on o/cg,,

Search For ttH(—bb) Production

Lepton+Jets and Dilepton ~ CMS fs=7TeV,L=50M"{s=8TeV, L=5.1 b’

1 111 1. 111 1. . 1.1 T | T T T T [ 11T
I I I I I

- I ' I_ h% :
50—  ATLAS Preliminary \s=7TeV. I Ldt=4.7fb" — E 2 - —e—Observed = TR
L —o— Observed (CLs) 4 2 18~
e Expected (CLs) fiH (H — bb) 1 E E . Expected + 1o
40— @El+io — g . : —— S ——
B :l 2 ] § 14 :_ i Expemed +20 esmtransssaatsassante Bassanssannssnsnssntransiganssnsensi N
30— - 12~ s ——_———————————
i - 10
20— — =
10— - =
N i g
O B I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I 1 1 1 1 I 1 1 1 1 : 1 1 1 1 I I_ ”“g.“"
110 115 120 125 130 135 140 P .
my [GeV] 135 140
m,, (GeV)

ATLAS: 4.7 fb1of 7 TeV data
— 95% CL limit on o/og,, @ 125 GeV: expected 10.5xSM, observed 13.1xSM

CMS: 10.1 fb1of 7+8 TeV data
— 95% CL limit on o/og,, @ 125 GeV: expected 5.1xSM, observed 5.8xSM
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Searches for H—=tt

Run Number: 209109, Event Number: 86250372
Date: 2012-08-24 07:59:04 UTC




Searches For H—tt At ATLAS & CMIS

* Final states of tau decays  ATLAS & CMS analysis categories
— H—11—2I+4V (lep-lep): Br=12.4% — VBF: require 2 jets with large
— H—tt—l+1,,,+3V (lep-had): Br=45.6% An,, & M,
— H=Tt=21,,4+2v (had-had): Br=42% — Boosted: require boosted Tt

* VH events in CMS analysis system
— W(l+v)+H(It, 4 +2T,.,) * P-(H)>100/140 GeV or high P; jet
— Z(21)+H(2l) — 1-jet with/without MET cut
— VH—=VWW?* are treated as part of — 0-jet with/without MET cut

the signal

ATLAS

CMS v v v To constrain v
had-had  Low/high P.(t) systematics
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Controlling Major Backgrounds in H—=tt Seahces

Data Z—puu events

T I T T T T | T T T T I T T
UT) 4 + €T}, BOOStEd
—e— Data i W
— 5x H(125)->1t .
B Z-1t (0S-SS) Replace pu—trt
Il Others (0S-SS) | l

Z—TT: major
background;
modeled by data
(embedding)

—_ —_
o N
o o
o o
T T
|

ents / 20 GeV

|

I Same Sign Data

/
o
o
VAl T

7 Bkg. uncert. i
; ., , 600k [Lat-130m" ] t-decays:
Fakes”: QCD, W+jets - : . .
Q = WHELS, i \s = 8TeV i Tauola + Simulation
top; data-driven or 400} ATLAS Preliminary—
modeled by data \: l
20 N

Embed t-decays

Diboson production: o e 0 200 back into Z event
smallest background; MMC mass m,. [GeV] l
modeled by MC

Hybrid Z—tt event

* Z—tt embedding: except for t-decays, all properties of a Z—tt event
are modeled by actual data
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Di-Tau Mass Reconstruction in H—tt Searches

Good M(tt) resolution is single most effective tool against Z—tt
ATLAS: Missing Mass Calculator (MMC), NIM A 654 (2011) 481
CMS: SVfit, documented in CMS PAS HIG-13-004

MMC & SVfit: sophisticated techniques to reconstruct M(tt) in presence of
neutrinos from t-decays

MMC & SVfit improve analysis sensitivity by 20%-30% compared to M,
CMS PAS HIG-13-004

ATLAS-CONF-2012-160

® — ‘ | | CMS Simulation /s =8 TeV uT,
= 0161 ETpaq + UThaq Preselection | s 0.16f
D B e 8 - e H = 1t My = 125 GeV
> 0.14f —4— Z->tt Embedded = 0.14}
© C ] - L D Z-1t
2 o120 o —e— Z—1t Alpgen MC EF .
o 0.12- ) — A2
z C . 7/ Emb. syst. ] 2 '
0.1 ] det=13.0 T 0.1
0.081- « ls=8Tev 1 0.08F-
L g ATLAS Preliminary | I
0.06; o g E 0.06:—
0.04[ . . 0.04f
u ® ] C
0.02- ° = 0.02f
r o ® ] i
OM‘H“HM N |
50 100 150 200 250 % 50 100 150 200 250
MMC mass m_ [GeV] m,, [GeV]
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Events / 16 GeV

LHC Results for H—=tt: Examples of M(tt)

OO

5/26/13

TpadThag F+2-jets VBF]

—e— Data

B Z-t

I Multi-jet
I Others

7.7/, BKkg. uncert.

Vs=8TeV

50 100 150 200

—— 5x H(125)—>1t

det: 13.0fb"

ATLASPreliminar

<

250

MMC mass m_, [GeV]

dN/dm,_, [1/GeV]

2.0 CMS Preliminary, [s=8TeV,L=194fb" H—-tt
s L . Ll L) ‘ L] L) L) . ' . Ll L] L] l . Ll

Tl W |——eem SxH(125 GeV)—»mx
h~h —&— cbserved

2s5pF2jet(VBF) CEz-x

C= aco
B okg. uncertainty

Jo0 200 300
m.. [GeV]

H—tt—21, 4,+2V (had-had) channel
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LHC Results for H—tt: Systematic Uncertainties

* ATLAS & CMS analyses have similar systematic uncertainties
— CMS used 0-jet events to constrain some of the systematic uncertainties

* Leading sources of experimental uncertainties

— Tau energy scale
e ATLAS example of effect on Z—tt background: 4-15%

— Normalization of Z—tt background
* ATLAS example of effect on Z—tt background: 4-16%

— TaulD & trigger
 CMS example: 8%

* Theoretical uncertainties on signal cross-section and acceptance
— 10%-30% depending on category

Example of fitted nuisance parameters in CMS analysis
Tau ID & Trigger: 0.0 =8.0% — —5.5+1.9%
Z — £¢: u fakes 1;: 0.0 = 30.0% — +10.2 £ 15.9%
Tau Energy Scale (u1; channel): 0.0 + 3.0% — —0.8 £0.2%
Tau Energy Scale (et;, channel): 0.0 +3.0% — —1.3 £0.5%
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Local p

LHC Results for H—tt

UNLILINLO DL IR UL BRI CMS Preliminary, /s=7-8 TeV,L=24.3fb",H—> 11
- ATLAS Preliminary [Ldt=4.6f0",{s=7TeV 7 Q 1E- L B AL A B a
i JLdt=13.01b", s =8 TeV B | 1o
—Observed H — tt 210 E’ | : :
10 E Q. 2
- --- Expected for SM Higgs Boson 3 § 102k = o
E Expected for SM Higgs Boson at mH=1 25 GeV E 3 """"""""""""""""""""""""
10-3 30
U3 E
e — Oo
C 10
- 40

10° E " _e— p-value observed

S 1o° e palle expected
2 - : :
10-25_ _g 10-7 e ‘% ©
i 1 1 1 L l 1 1 1 1 l 1 L 1 1 I 1 1 1 1 l 1 1 1 1 :
10‘8 1 2 1 1 l I 3 2 2 l 2 2 3 2 l I 2
100 110 120 130 140 150 110 120 130 140
m,, [GeV] m, [GeV]

ATLAS: 17.6 fbt of 7+8 TeV data

— Local significance @ 125 GeV: expected p,=1.70, observed p,=1.10

CMS: 24.3 fb1 of 7+8 TeV data

— Local significance @ 125 GeV: expected p,=2.620, observed p,=2.85c
CMS & ATLAS data are consistent with the presence of SM H—tt signal
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95% C.L. Limit/SM

Tevatron Results for H—tt

100 JLdt:S.om" CDF search for H—=1t bUE’ - D@,L_<9.7 b —— Observed
Obierved \bI . SM H—1T Combination -« Expected w/o Higgs
g 10? =3 - Expected +1 s.d.
"E E |:| Expected £2 s.d.
=3 L
3 " —
X -
0 C
m i
1E
100 120 140 100" 105 110115120125 180" 135" 140145750
Higgs Mass (GeV/c?) M, (GeV)

CDF search for H—tt: 6 fb1 of 1.96 TeV data
— Lepton+t, 4 final state; 1-jet & 2-jet analysis categories
— 95% CL limit on 6/0¢,, @ 125 GeV: expected 16.9xSM, observed 16.4xSM

DO search for H—=tt: 9.7 fb1 of 1.96 TeV data

— Combination of VH—1, T, i and I+t +jj results

— 95% CL limit on o/0¢,, @ 125 GeV: expected 7.25xSM, observed 10.84xSM

* These results are for H—=tt enriched sub-sample
5/26/13 XXV Recontres de Blois 22



VBF H—tt Candidate in CMS Data

CMS Experiment at LHC, CERN
Data recorded: Sun Nov 25 00:15:46 2012 CEST
Run/Event: 207898 / 97057018

.......

5/26/13

23



ATLAS Search for H—=ppu: Analysis Overview

>
* Analysis strategy & e f
\s=8TeV, ) Ldt=20
_ - % 10° nE
Inclusive search LT

— Fit M(pp) with analytic Signal G 108
+Bckg shape 10°
: : 10*
— Two analysis categories: e
* Central: |[n(pn1,2)|<1.0 10?
 Non-central: rest 10

Event selection for signal region

1 01 0 T I T T T l T % | T T T l H T l T T T I T T T l T T T | T T T I T T T I T
i -@- Data %4 SM (stat)
ATLA Prell nary [] Single Top [] W+jets
7" @@ ww I«
0 Wzizzwy [l Z+jets

[ H[125Ge

— Two isolated opposite-sign muons
— P(p1)>25 GeV, P{(n2)>15 GeV

Data/SM

— P(up)>15 GeV

IIIIIII IIIIIII
80 100 120 140

1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I 1
160 180 200 220 240 260
my, [GeV]

Search window: 110-150 GeV
MC background predictions are not used
in the search (for optimization only)
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Searches for H—=ppu: Signal & Background Models

> T T T T T e 0 e e R
oRLE ATLAS Preliminary 1 8 ~ ATLAS Preliminary  Central 1
g - Simulation 13 - \s=8TeV e Data2012 -
; . Central ) émoo— ILdt=20.7 fo — Fit model -
T . e m=125GeV | 9 — Breit-Wigner |
® sl —CB+Gaussian fit N Exponential 1
LU . | _ 500__ xz/ndof=1.12 __
| m=124.6 GeV ] - -

| 655=2.3 GeV | ] ]

i FWHM=49 Gev | = IR ARt e L LT LET SO Prspziaqenpes I"""‘""""—'

N I L E

160 110 120 130 it L

m,, [GeV] o 108: M " ) §

Signal parameterization in central region : :

110 120 130 140 150 160
m,, [GeV]
Fit to data

* Signal model is a sum of Crystal Ball (CB) and Gaussian (GS) PDFs

* Background model is a sum of Breit-Wigner and exponential PDFs
— No statistically significant biases in fits to simulation and control regions
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ATLAS Results for H—=pup

= " ATLAS Proiminaty ARAREAARAR ARARARAS 1 ¢ Systematic uncertainties
o - H—u u ] . . .
E 60- —Obsened o - on signal normalization
= - ----Bkg. Expecte -1 -
3 S0 Eato frt=2070" 1 @125 GeV
e | Do Vs = 8 TeV ] :
S a0b B — Cross-section: 15%
(o)) C ]
300 = — Br(H—=pp): <6%
sol E — Acceptance uncertainty
B * Theory: <2.6%
108 E * Experimental: <4.2%
0: L1 barnere] 1 1 -} o | I
110 1 5 150

15 120 125 130 135 140 14
m, [GeV]

e ATLAS results with 20.7 fb! of data at 8 TeV

— No significant deviations outside uncertainty bands are observed
— 95% CL limit on o/0,,, @ 125 GeV: expected 8.2xSM, observed 9.8xSM
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Summary

Extensive searches for fermionic decays of Higgs boson at
both LHC and Tevatron

No individual experiment has yet reached 3 sigma level
sensitivity in searches for H—=bb & H—Ttt decays

Overall, Tevatron & LHC data are consistent with the
presence of SM H—bb & H—1tt decays
— >20 excess in the search for H—=bb in VH channel at Tevatron
— 2.10 excess in the search for H—=bb in VH channel at CMS
— Tantalizing hints of H—=1t decays in recent CMS analysis

* expected p,=2.620, observed p,=2.850
First results for H—=puu search obtained by ATLAS
experiment

— As expected, no sensitivity for SM H—ppu yet
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Future Prospects & Goals

* Expected with the 7+8 TeV data

— New and improved search for H—=bb with full 7+8 TeV dataset
e By ATLAS collaboration

— New and improved search for H—=tt with full 7+8 TeV dataset
* New result by ATLAS collaboration

— New and improved search for H—=pup with full 7+8 TeV dataset
Updated result by ATLAS and new result by CMS

— New and improved search for ttH with full 7+8 TeV dataset in all Higgs
decay modes

« sometime this year by both CMS & ATLAS
— Need to start thinking about LHC combination for H—bb & H—T1t

* ATLAS and CMS goals for the next LHC run

— Observation of H—tt decays and measurements in H—tt channel
— Evidence for and possibly observation of H—=bb decays in VH channel

e Stay tuned!!!
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List Of Latest Publications

ATLAS H—bb: ATLAS-CONF-2012-161
CMS H—bb: CMS-PAS-HIG-13-012, CMS-PAS-HIG-13-011

CDF H—bb: PRD87.052008, PRL109.111804, PRL109.111803,
JHEPO2.004, PRL109.1811802

DO H—bb: PRL109.121804, PRL109.121803, PLB716.285, arXiv:
1301.6122, arXiv:1303.3276

Tevatron combination: arXiv:1303.6346

ATLAS ttH(—bb): ATLAS-CONF-2012-135

CMS ttH(—bb): arXiv:1303.0763

ATLAS H—tt: ATLAS-CONF-2012-160

CMS H—tt: CMS-PAS-HIG-13-004, CMS-PAS-HIG-12-053
CDF H—tt: PRL108.181804

DO H—tt: arXiv:1302.5723, arXiv:1211.6993

ATLAS H—ppu: ATLAS-CONF-2013-010
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ATLAS VH(—bb) Analysis: Event Selection

Object O-lepton 1-lepton 2-lepton
Leptons 0 loose leptons 1 tight lepton | 1 medium lepton
+ 0 loose leptons| + 1 loose lepton
2 b-tags 2 b-tags 2 b-tags
Tets pr > 45 GeV py >45GeV | pL>45GeV
p% > 20 GeV p% > 20 GeV p% > 20 GeV
+ < 1 extra jets + 0 extra jets -
ETSS > 120 GeV - ET" < 60 GeV
- T, T
Missing Er p}}ms > 30 GeV
AG(ERS, pis) < m/2
Min[A$(ET"™®, jet)] > 1.5
AG(EZSS, bb) > 2.8
Vector Boson - m.‘;.V < 120 GeV |83 < myr < 99 GeV

5/27/13

0-lepton channel

ET™ (GeV)| 120-160 160-200 >200

AR(b,b) | 0.7-1.9 0.7-1.7 <1.5
1-lepton channel

p,er (GeV) |0-50/50-100(100-150{150-200>200

AR(b, b) >0.7 0.7-1.6 |<1.4

ET™ (GeV) > 25 > 50

m?’ (GeV) > 40 | -

2-lepton channel

p%(GeV) 0-50/50-100/100-150(150-200/>200

AR(b, b) >0.7 0.7-1.8 |<1.6

XXV Recontres de Blois
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ATLAS VH(—bb) Analysis: Systematics

Uncertainty [%] O lepton | 1lepton | 2 leptons
ZH | WH WH ZH
b-tagging 89 | 9.0 8.8 8.6
Jet/Pile-up/ %‘iss 19 | 25 6.7 4.2
Lepton 00 | 00 2.1 1.8
H — bb BR 33| 33 33 3.3
VH pr-dependence | 5.3 | 8.1 7.6 5.0
VH theory PDF 35| 35 3.5 3.5
VH theory scale 1.6 | 04 0.4 1.6
Statistical 49 | 18 4.1 2.6
Luminosity 36 | 3.6 3.6 3.6
Total 24 | 34 16 13

Uncertainty [%] | O lepton | 1 lepton | 2 leptons
b-tagging 6.5 6.0 6.9
c-tagging 7.3 6.4 3.6
light tagging 2.1 2.2 2.8
Jet/Pile-up/EX"SS | 20 7.0 5.4
Lepton 0.0 2.1 1.8
Top modelling 2.7 4.1 0.5
W modelling 1.8 54 0.0
Z modelling 2.8 0.1 4.7
Diboson 0.8 0.3 0.5
Multijet 0.6 2.6 0.0
Luminosity 3.6 3.6 3.6
Statistical 8.3 3.6 6.6
Total 25 15 14

5/27/13

XXV Recontres de Blois

32



CMS VH(—bb) Analysis: Event Selection

Variable W(uv)H W{ev)H W(tv)H Z(¢6)H Z(vv)H
My - - = 75 < my < 105 -
pr(j1) > 30 > 30 > 30 > 20 > 60 (> 60, > 80)
pr(i2) > 30 > 30 > 30 > 20 > 30
pr(ji) > 100 > 100 > 120 - > 110 (> 140, > 190)
pr(V) 100 — 130 (130 — 180 > 180) [100—150](>150) <250  [50 — 100], ([100 — 150], > 150) -
CSVmax 0.898 0.898 0.898 0.679 0.898
CSVmin > 05 > 05 > 0.4 > 05 >05
A¢(V,H) > 295 > 295 > 2.95 - > 295
AR(jj) - - =0 - (-, <16) -
N =0 =0 =0 ~ =0
Na =0 =0 > 80 - =0
Efpiss > 45 > 45 - < 60. [100 — 130] ([130 — 170], > 170)
AP(ETS, jet) - - - - > 0.7(>07,>05)
A(P(F—’Piss, E’;ﬁss(lfks)) _ _ _ _ <05
AP(ET™s, £) < m/2 < m/2 - - -
pr(T) - - > 40 = -
pr(track) - - > 20 - -
5/27/13 XXV Recontres de Blois
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CMS VH(—bb) Analysis: Inputs To MVA

Variable

pr(j): transverse momentum of each Higgs daughter

m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or EFss)

CSVmax: value of CSV for the Higgs daughter with largest CSV value

CSVmin: value of CSV for the Higgs daughter with second largest CSV value

A¢(V, H): azimuthal angle between V (or ET**) and dijet

|A%(jj)|: difference in 7 between Higgs daughters

AR(jj): distance in —¢ between Higgs daughters

Naj: number of additional jets

A6, color pull angle [34]

A¢(EFss, jet): azimuthal angle between EFis and the closest jet (only for Z(vv)H)
maxCSV,;: maximum CSV of the additional jets in an event (only for Z(vv)H and W(£v)H)
minAR(H, aj): mimimum distance between an additional jet and the Higgs candidate (only for Z(vv)H and W(4v)H)
Angular variables: HV system mass, Angle Z-Z*, Angle Z-1, Angle H-jet (only for Z(££)H)
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CMS VH(—bb) Analysis: Systematics

Yield uncertainty (%) Contributionto  Removal effect on

Source Type range uncertainty (%) total uncertainty (%)

Luminosity normalization 2.2-44 <2 <01

Lepton efficiency and trigger (per lepton)  normalization 3 <2 <01

Z(vv)H triggers shape 3 <2 <01
Jet energy scale shape 2-3 5.0 0.5
Jet energy resolution shape 3-6 5.9 0.7
Missing transverse energy shape 3 3.2 0.2
b-tagging shape 3-15 10.2 2.1
Signal cross section (scale and PDF) normalization 4 39 0.3
Signal cross section (pt boost, EWK/QCD) normalization 2/5 39 0.3
Signal Monte Carlo statistics shape 1-5 133 3.6
Backgrounds (data estimate) normlization 10 15.9 52
Single-top (simulation estimate) normalization 15 5.0 0.5
Dibosons (simulation estimate) normalization 15 5.0 0.5
MC modeling (V+jets and tt) shape 10 74 1.1
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LHC Results for VH(—bb): Examples of Distributions

. ———
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Tevatron Results For VH With H—bb

Summary of 95% CL limits on o/o,, @ 125 GeV for Tevatron experiments

_!- CDF

Expected Observed Expected Observed

ZH—ll+bb 5.1 7.1 3.9 7.1
ZH—vv+bb 3.9 4.3 3.33 3.06
WH—I|v+bb 4.7 5.2 2.8 4.9

CDF and DO experiments employ sophisticated multivariate analysis
techniques in all searches for VH(—bb)

— Validity of techniques is confirmed in rigorous checks with data control regions

Results are based on 9.5-9.7 fb-1 of 1.96 TeV data

No individual Tevatron experiment has reached 3o level sensitivity
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LHC Results for H—tt

~ CMS Preliminary, Vs=7-8 TeV,L=243fb" H—> 1t 7

% 8“_ ' L L] L] L] I L] L] L] L] [ L] L] L] L] l L] L] . L] l.‘ ;‘ L) L] ' 1‘ E4-0 ' T T I T I
e [ H— 1t ATLAS Preliminary | s —e— observed |
© 7 —e-ObservedCL, | Ldt=461"{s=7TeV B 3.5F — expected S S—
S [ .- Expected CL, | Ldt=13.01b", (s=8TeV : S [ = 1o expected |
R 6_— DiZO’ -] = 30 .I:]tzoexpected A—— ,,,,,,,
E Te | E
o5 e -
&) " @)
2 4f X
& | 3
3t
2r
0& l TS ET S TSN AT AN T B AT A AT T BT A A B IEI oo . . > S l . : : . l . . ‘ . l . N

m,, [GeV] m,, [GeV]
e ATLAS: 17.6 fblof 7+8 TeV data
— 95% CL limit on o/og,, @ 125 GeV: expected 1.2xSM, observed 1.9xSM

e CMS: 24.3 fblof 7+8 TeV data
— 95% CL limit on o/og,, @ 125 GeV: expected 0.77xSM, observed 1.80xSM
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LHC Results for H—=tt: Examples of M(tt)
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5/26/13

Events / 20 GeV

dN/dm_, [1/GeV]

Lep-had channel

22
20
18
16
14
12
10

OO

0 100

TYY[TYYTYTTYYYYYYYYTYYTT,

UTyaq + €T g H+2-jet VBF B

—— Data

— H(125)—1t
B Z-t

Il Others
I Faket

7 Bkg. uncert.

fl_ dt=13.0 6"

Vs=8TeV
ATLAS Preliminary

50 100 150 200 250 300

MMC mass m_, [GeV]
CMS Prcllmlnary. ﬁ 7-8 TeV L= 243fb H —-rr
ng(125 GeV) n
—&— observed
Z»rt
B cloctroweak

aurh
2 jet (VBF)

'''' 1
E il ] aco
B bkg. uncertainty

200 300

m,. [GeV]

XXV Recontres de BlolIs

Events / 16 GeV

30

25

20

dN/dm,, [1/GeV]

Had-had channel

T

15

10

LA B B L L L B ) LB B B B

ThadThag F+2-jets VBF]

—— Data

— 5x H(125)—>w

Bl Z-

[ Multi-jet

Il Others

727/, Bkg. uncert.
det =13.0fb"

Vs=8TeV
ATLASPrelimina

\\\\‘\\\\‘72\\‘\\\\‘\\\\‘\\\

100 150 200 250
MMC mass m_ [GeV]

CMS Prellmlnary,r BTQVL 1941b H-tt

3.0 !
Frr, e 5:H(125 GeV)-srx
2., ht - —e— cbserved
252 je s
C jet (VBF) | m—
- @ ciectroweak
- C— cco
20k EEEEEE k. uncertainty
15F
1.0 ~ b
: L
05
[ "
ook b v
0 100 200 300
m_ [GeV]
39



LHC Results for H—tt: Systematic Uncertainties

Example of systematic uncertainties on event yields in ATLAS analysis

Uncertainty H — TiepTiep H — TiopThad H — ThadThad
Z-> 1t
Embedding 1-4% (S) 2-4% (S) 1-4% (S)
Tau Energy Scale - 4-15% (S) 3-8% (S)
Tau Identification - 4-5% 1-2%
Trigger Efficiency 2-4% 2-5% 2-4%
Normalisation 5% 4% (non-VBF), 16% (VBF) 9-10%
Signal
Jet Energy Scale 1-5% (S) 3-9% (S) 2-4% (S)
Tau Energy Scale - 2-9% (S) 4-6% (S)
Tau Identification - 4-5% 10%
Theory 8-28% 18-23% 3-20%
Trigger Efficiency small small 5%

 CMS analysis has similar systematic uncertainties
— CMS used 0-jet events to constrain some of the systematic uncertainties

Tau ID & Trigger: 0.0 £ 8.0% — —5.5+1.9%

Z — L€ y fakes 1y;: 0.0 £ 30.0% — +10.2 £ 15.9%

Tau Energy Scale (41, channel): 0.0 + 3.0% — —0.8 £0.2%
Tau Energy Scale (eT;, channel): 0.0 +=3.0% — —1.3 £0.5%

Example of fitted nuisance
parameters in CMS analysis
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LHC Results for H—tt

T T ™17 ™ T ™Y - -1
@3 SFATLAS Preliminaty l l ; CMS Preliminary, (5=7- TeV, L=24.3 f",
C 1 # Dbestfit n :
o 4F fL:d.Sfb.ﬁ:TTeV % best it (u>0) B m,, = 125 GeV

xI ] fl.: 13.0f0 ,{s=8Tev ~— 95% Contour ; :

8 - 7 SkCosow - —e- 1-Jet
w - T 4= SM prediction :
:':g 2 : | // S \i}: Background only 4 5

1 N l' + . \‘\?\«= 125 GeV . —H— 2-Jet (VBF)
, h AN a :
0 [ \\ {> X \\\ = :

NN X \ o' VH-to4
-1 — \ ‘Il‘ _::‘ H

N '. )

- \‘\\. J - H

2F ™~ , /o —— Combined

-3 - | s 1 . | | o | r i 1 1 E i | M 3 " |
-2 0 2 4 6 8 0 2 4
best fit for o/o
SM
pggF x B/B,,,

ATLAS: 17.6 fb! of 748 TeV data
— Best-fit signal strength, p=o/0,,, @ 125 GeV is u=0.7+0.7

CMS: 24.3 fblof 7+8 Te

V data

— Best-fit signal strength, p=o/ao,,, @ 125 GeV is u=1.1+0.4
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CMS Results for H—tt

CMS Preliminary, /s = 7-8 TeV, L = 24.3 fb"

— ' T
> L H(125 GeV)—» 1t
() L ey, er, ut, 1,1, 40 -@- Data - Background
g 1000 = B3] Bkg. Uncertainty
_— X 20k _+_ .
H;: I ™
T " 100 S —
o 900 - - m_ [GeV] .
i) I EZ77] H(125GeV)—» 1wt |
'g, 400 —&— observed -
eem s C Zow
9 —
; L B clcctroweak o
Q 200 - ) aco -
N I
0 1 1 1
0 100 200 300

m. [GeV]

Figure 9: Combined observed and expected m., distributions for the ut, et, ey and 7,1,
channels. The distributions obtained in each category of each channel are weighted by the
ratio between the expected signal and background yields in the category. The insert shows
the corresponding difference between the observed data and expected background distribu-
tions, together with the expected signal distribution for a standard-model Higgs signal at
my = 125 GeV, with a focus on the signal region.
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Searches for H—>|J.|J. Signal Model

Simulation

_ Central
° mH=1 25 GeV
05- CB+Gaussian fit

Events / 0.5 GeV

m=124.6 GeV
.5=2.3 GeV

- FWHM=4.9 GeV

1+ ATLAS Prellmlnary

1.5

Events / 0.5 GeV

0.5

IIII]IIIIIIIIIIIIIIIII

f | | |
o0 110 120

! ]

130 ‘POO
m,, [GeV]

Signal parameterization in central region

ATLAS Prellmlnary N
Simulation

Non-central
° mH=1 25 GeV
— CB+Gaussian fit

m=124.7 GeV
0.5=2.8 GeV

FWHM=6.0 GeV

llllllllllllllllllllll

d ! ! | ! ! ! ! | !
110 120 130
m,, [GeV]
Signal parameterization in non-central region

Ps(x) = fcg - CB(x,m,o¢cp,a,n) + (1 — fcp) - GS (x,m,0¢)

* Signal model is a sum of Crystal Ball (CB) and Gaussian (GS) PDFs
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Searches for H—=puu: Background Model

-
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ATLAS Preliminary
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JLdt =20.7b"

Non-central

e Data 2012
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x 2/ndof = 1.01

LA I B s B e B B

lII|IlII|IIllIIIIIIIIII

130
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160

m,, [GeV]
Fit to data in central region

m,, [GeV]
Fit to data in non-central region

Ppc(x) = faw - BW (x, Mz,Tz) + (1 — faw) - P(e° %)

* Background model is a sum of Breit-Wigner and exponential PDFs

— No statistically significant biases in fits to simulation and control regions

5/26/13

XXV Recontres de Blois 44



ATLAS Results for H—=pup

—
I

102 ~ Observed Ldt=20.71" 3

E ---- Sig. Expected Vs =8 TeV ;
R T 4%

910115 120 125 130 135 140 145 150

m, [GeV]

No significant deviations are observed for local significance with 20.7
fb! of ATLAS data at 8 TeV
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Systematic uncertainties in ATLAS H—puu Search

Uncertainty Upward [%] | Downward [%]
Ren./Fac. Scale 0.1 -0.3
ISR 1.3 -2.5
FSR -0.4 0.1
PDF 0.2 0.2
Total inclusive +1.3 -2.6
Source of Uncertainty Treatment in the analysis
Luminosity 3.6%
Muon Selection Efficiency 0.3-1% as a function of n and py
Muon Momentum Scale and Resolution | < 1%
Muon Trigger < 1%
Muon Track Isolation < 1%
Pile-up reweighting < 1%

e Systematic uncertainties for signal normalization
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Searches for H—>u|.l Signal Model

o B I | > ' ' ' T T ' T T T | T
q) B — B ® ]
(L?) 1- ATLAS Prellmlnary S 1 ATLAS Preliminary
2 Simulation 12 30 Simulation ]
o Central 15 -
*g . e m=125GeV 13 o Central E
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m=124.6 GeV 1 i ““
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FWHM=4.9 GeV o: 4 % 4“ |
190 70 120 130 100 120 40 160
muu [GeV] muu [GeV]
Signal parameterization in central region Example of signal shape interpolation

Ps(x) = fcg - CB(x,m,o¢cp,a,n) + (1 — fcp) - GS (x,m,0¢)

* Signal model is a sum of Crystal Ball (CB) and Gaussian (GS) PDFs
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Searches for H—=puu: Background Model

> 1500 —————1———7 17— > 15004177
& - ATLAS Preliminary Central i & ~ ATLAS Preliminary Central i
2 - \s=8TeV e Simulation i p - \s=8TeV e Data 2012 i
% 1000— de’[ =20.7 fo" — Fit model — é 1000— ILd'[ =20.7fo" — Fit model ]
o — Breit-Wigner | o — Breit-Wigner |
L N Exponential - - % e Exponential .
500__ X2/nd0f =1.09 __ 500__ xz/ndof =1.12 __
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. _ _ m,, [GeV] m,, [GeV]
Fit to simulation Fit to data

Ppc(x) = faw - BW (x, Mz,Tz) + (1 — faw) - P(e° %)

* Background model is a sum of Breit-Wigner and exponential PDFs

— No statistically significant biases in fits to simulation and control regions
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