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Seminar at July 4th

In summary

We have observed a new
boson with a mass of
125.3 £ 0.6 GeV
at
4.9 o significance !

m | :
~3ll ATLAS today's main result (preliminary): b

T f{’ 5.0 o excess at m,;~126.5 i,
> (TR g atinfi

4| These accomplishments are 'rhe results of more than 20 years of
talented work and extreme dedication by the ATLAS Collaboration,
with the continuous suppor‘r of the Fundlng Agencies
‘Q\\ ?/-‘ T 1 T = N 7 T 5
Haerscso .| More in general, ‘rhey are the results of the ingenuity,
norway | Vision and painstaking work of our community
el (acceler'a'ror instrumentation, computing, physu:s)
i 15 )¢ &

fi

\{,}( L/

July 13th, 2011

Global Effort = Global Success

Results today only possible due to
extraordinary performance of
accelerators — experiments — Grid computing

Observation of a new particle consistent with
a Higgs Boson (but which one...?)

Historic Milestone but only the beginning

Global Implications for the future
R-D Heuer ‘' 52~

A How does it observed?
A What should we do next?
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LHC experiments

TRACKER
CRYSTAL ECAL  yotal weight : 12500 T
Overall diameter : 150 m
Overall length  : 215 m

Magnetic field : 4 Tesla

PRESHOWER

RETURN YOKE
SUPERCONDUCTING
MAGNET

o FORWARD
“._ | CALORIMETER

HCAL

MUON CHAMBERS
/ \ I Ll \S 2 Detector characteristics
Muon Detectors Electromagnetic Calorimeters | S{idth:( g‘;m
R W\ iameter:
AN \ : Weight: ~ 7000t

\ Solenoid \ \ CERN AC - ATLAS V199;
\ I\ Forward Calorimeters

End Cap Toroid

A T7TeV collisions are Started in March 20 |
A Extremely successful operation for thes
2.3 years.

A Upgraded CM energy to 8TeV in 2012.

~ if N
i Inner Detector R
Barrel Torokd Hadronic Calorimeters Shicding
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LHC operations and Higgs searche

- T 1A Thanks to very
£ 10—ATLAS Online Luminosity ] .
R v 1 smooth operation of
g o Toumin 1 LHC4.85.1fb? of
3 s - n. | 7Tevand 5.3-5.8fb'
o - u ~5.
g 6 [ 6 6fb! 7 | of 8TeV dataare
S 4 | availableto use for
: e the physics analysis.
°F ~0,05fbt
0 I~ | I % o E AItTLAS Prelimihary [ngulatic:n‘] I
yao pot A oct T sobsegag o JLdtmatoning 116! @VE=zTev. .
o Month in Year o
A Thanks to 8TeV collisions, the same,. =+ . . |
sensitivity can be achieved by 80% of ;¢ s

iIntegrated luminosity data 5% gaii. o is-sssssts s

July 13th, 2011
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Understanding data

A We had many experience in these two years to understan

both detector and Physics backgrounds.

I Although need better understanding of the tail of SM processe

20

a SNIJS

abSg

LJI-

NI A Of Sé¢ o

A What we had to understand in addition to the 2010 and 2C

Peak Luminosity [1(}3’3 cm? 57

data was Pileup events!

Peak value of instantaneous luminosity

T T 1T 1T T 71T 71T 17T TH

Recorded Luminosity [pb "0.1]

%ATLAS v w2012 Y
7 == Online Luminosity —
== —
SE- ' f b=
W 2011 T
= . =
s£- 2010 [ I IR
= + —
2: ’. =
— ~ —
1= M . ] —
gwwu S L $eo ¥ E
et Wb et et pet WY od yaf* pot W oct

Month in 2010
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Month in 2011

Maonth in 2012
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) “
Pileup effect and removals g

A Each object reconstruction was affected
by pileup jets.
A Track in jets can be used to suppress t
effect since tracking can point the verte
A Defined Jet Vertex Fraction(JVF)
i IVFB | g <> TN gy <> T
A Jet : identify the jets by requiring
JVF>0.75(0.5) in 2011(2012) data.
A MET :JVF fractions are multiplied to the § o e ATLAS refiminary|
Jets before summing up the transverse = .- . e E
e n e rgy- ié’x 20; Zl_) u: a lle-up suppression é
i Huge improvement of MET resolution. ﬁiﬁ::fj‘:b_1 JWE
A Lepton Isolation Npvcorrection have b opseemony e E
to be applied. 125 Rt E
A Tau :track impact parameter(} are -7 E
tightened to avoid pileup tracks. e T T L
0 2 4 6 8 10 12 14 16 18

Npv
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Higgs production and decay @ LH

Gluon Fusiorfgh

Vector Boson Fusion W/Z Associated  tt/bb Associated

-

o(pp — H+X) [pb]

10?

10

10"

102

Productio&

' |
Js= 8 TeV

M, [GeV]

200 1000

1
L 1 Q L1
LHC HIGGS XS WG

N

. | 1 L | 1 1 L L1
6 180 200 300 500 1000

All of bb, WW, 1 !ZZ can be obsertld@iY!
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Analysis Channels

e
Analyses Mo, of iy range HiEg v
H decay H prod Exclusive final states channels [ GeV) resolution
- untagged T r (4 diphoton classes) 4 110150 1-2%
Y VBF-tag ¥ + (jilver (low or high m;; for 8 TeV) 1or2 110-150 1-2%
VH-tag (vv, ee, up, ev, pv with 2 bjets)@ (low or high pt) 10 110135 10%
bb (£ with 45,26 jets) & (3,4 b-tags);
tthtag | (4 with 6 jets with 2 b-tags); (£€ with 2 or >3 b-tagged jets) ? 110-140
. (T, pTh, e, pp)= a
0/15ets | (ow or high p3¥) = (0 or 1 jets) 16 110-145 20%
H —» VBF-tag (€T, W, €M, pu) + (filver 4 110-145 20%
FTT ZH-tag (ee, pp) =< (T Th, €Th, MTh. € 8 110160
WH-tag THEE, TR, ThEM 3 110140
WW — frqg | untagged | (ev, pv)e((jjiw with 0 or 1 jets) 4 170600
WW — fvfv 0/ 1-jets (DF or SF dileptons) @ (0 or 1 jets) 4 110—600 20%
WW — fvfv VBF-tag Eviv + (jf )y gr (DF or SF dileptons for 8 TeV) 1lor2 110—600 20%
WW — fvfy WH-tag 363w 1 110200
WW — fvfr VH-tag £vév + (ji)v (DF or SF dileptons) 2 115190
7 — 4F inclusive de, dpu, 2e2n 3 110—600 1-2%
FF — 22T inclusive (ee, ppu) = (T Ty, €The HTh, €M) B 200—600 10-15%
Z7Z — 282q inclusive (ee, upe) < ((fj)z with 0, 1, 2 b-tags) ) Eg:ﬁ 3%
75— 282 untagged ((ee, pp) with MET) & (0 or 1 or 2 non-VBF jets) [ 200—500 7%
77 — 282w VBF-tag (ee, up) with MET and (jjlver 2 200—600 7%
. Subsequent i miy Range
Higgs Decay Decay Sub-Channels [GeV]
2011 +f5s =7 TeV
H — yy — 9 sub-channels {py, @ 1, @ conversion} & {2-jets} 110—150
EEL7E {de. 2e2p, 2u2e, 4} 1 10—s0D0
H — Z7'% EEvv {ee. put @ {low, high pile-up} 200-280—600
Eqgag {b-tagged. untagged} 200—300—a00
s WW Evly {ee. ep, ppe} = {O-jets, 1-jet. 2-jets} @ {low, high pile-up} 110—200—-300—a00 [18]
A I LA Q Evgag {e. ) @ {O-jets, 1-jet, 2-jets} 300—s00
(- J TlepTlep {epe} @ [O-jets} & {££} @ {1-jet, 2-jets, V.H} 110—150
. {e.u} @ {O-jets} = {E.?P"s" = 20 GeV, E.’:.’js" = 20 GeV} =
H—r TlepThad @ le. u) @ {1-jet} & {£} @ [2-jets) 110-150
Thad Thad { l—jet} 110—150
. F — vV E_-’:—"SSE{IZO— 160, 160 — 200, = 200 GeV } 110-130
VH — bb W — £ p}; e {= 50,50 — 100, 100 — 200, = 200 GeV} 110-130
£ — £&F ;}#E {= 50,50 — 100, 100 — 200, = 200 GeV} 110-130
2012 +/5s =8B TeV A
H — yy — 9 sub-channels {pr, ® 1, @ conversion} & {2-jets} 110—150 q"\v
H — Z7™ EEL7E {de. 2e2p, 2u2e, 4} 1 10—s0D0 bl
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Event selection & categorization
A Select diphoton with MVA id. (except ATLA

8TeV)
I ATLAS : pT1>40GeV, pT2>30GeV
I CMS : pT1>m/3, pT2>m /4 m(?MSlery o

A Categorizers
I Converted photon event or uoonverted
I Calorimeter transition region (ATLAS)
I Higgspt thrust variable(ATLAS)

A CMS used MVA selection
I 4category by MVA score.

A ATLAS have cut based 9 categories

AhySo2NI tg20 Y2N
experiments.

# of events/0.04

1.0

I+

»
pT

P

~ O

[Thrust axis:  t=p(9)- F\)JT (%) ]

July 13th, 2011 IPMU seminar 13



Events / GeV

Data - Bkg

2400
2200
2000
1800
1600
1400
1200
1000
800
600
400
200

100
0
-100

100

A These plots were not usea 1or tne any Sensiuvity

ATLAS

Inclusive view

Selected diphoton sample

ATLAS Preliminary

Data 2011 and 2012
Sig + Bkg inclusive fit (m, = 126.5 GeV)

4th order polynomial
5=7 TeV,J Ldt= 481"

ys=8 TeV,J Ldt=50fb"

=t

+ 41
[11

R L L
110 120

R R PR I T
130 140 150

160

m,, [GeV]

CMS

52000 - CMS Preliminary

@15[“3 - 5=7TeV,L=51f"
- - E=8TeV L=53fb"
w .

—4— 5/B Weighted Data
—— S+BFit

——-- Bkg Fit Component
Cd+io

D =2

20

calculations, but just illustrating purpose.
A CMS events are weighted by sensitivity. (1.67GeV/bin

July 13th, 2011
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Results : Discovery significance
ATLAS | CMS

oo 10 g 10F CMS Prelimi
— = - Interpretation Requires LEE reliminary |
8 1 g L Vs=7TeV,L=5.11b
S = a 1t - : ; 1'_=BTEVL 5.3 b’
_1 [oF R R R g e mu e R L g 1T — = ~
107k C-meeeoIIIIIZE 27 3 N\ ﬁ\ f//‘\\\ /F - 1o
) s e e T SR B T I:‘_'"'_.'I:“-_“_.:_.‘ _-.‘I-_""_"_"_"_:E‘g 5 -“]—1 %\_7 ........ ..................................................................................... s
'1 O- Y L L E E £ i : e 2
= - . : : L c
3 o e im0 30 - ' ' : f B R
10 \adty/| Data2011, Vs=7 TeV, _( Ldt=4.8 6" e
104 Data 2012, V5= 8 TeV, [ Ldt = 5.9 fb] Observed (Asymptotic) {30
5 t;':‘_";;; "'"'% 40 = =« 1x SM Higgs Expected {Asimov)
107 E o ovsenaap, =" Egzcteﬂc; P, 2011+2012 g 7 TeV Observed [Asymptotic)
- Epacted p P01 . 4c
1 0-6 _—_ - E:gw:g Eu P 5 . n : _ 8 TeV Observed (Asymptotic)
I-II-II-II-II-II-II-II-II-II-II-II-II-II-Il-lI-II-II-II-ll-Il-ll-ll-ll-ll-ll-ll-r_r M ET IR T B L1 T N T A T T [N T TN T T N T T N N T TR |
107 Lo Ly L. I L Ll 10—:10 115 120 125 130 135 140 145 150
110 115 120 1256 130 135 140 145 150 m,, (GeV)
my [GeV]

Expected significance 2.4Expected significance 2.¢
Observed significancé.5 Observed significancé.l
(global significance 3.9 (global significance 3.2
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Signal cross section times branching rat
ATLAS CMS

Ill\l\l‘llllllllll\l\lP

c ~ CMS preliminary
2 5E SM H—yy

= —Best fit
25 meam<
1.5)

1
05
0:
05
1
15

ATLAS Preliminary 3

3__'\5=TTG“L=5_11I;;"E' _ .H‘ELCLBEnd
- ys=8TeV L=531b" f

o

Signal strength
Best Fit olo,,,

Data 2011, Vs=7 TeV, [ Ldt = 4.8 o
Data 2012, {s=8TeV,[ Ldt=59f" ]

4»\I|I\II|\III‘III‘ T T T TT

1 Il 1 Il | Il 1 1 1 | 1 1 1 1 | 1 1 1 1 | Il 1 Il 1 ‘ 11 1 1 || 1 L1 | L1 Il |F
-%10 115 120 125 130 135 140 145 150 ™ : : : : : ! =

G V 1 I’ 1 1 I 1 1 1 1 I 1 | ] 1 1 I 1 1 1 1 i 1 I 1 1 i 1 1 1 1 I 1 1 1 1 i 1 1 1 1
my; [GeV] 110 115 120 125 130 135 140 145 150

Best fit Signal strength Best fit Signal stre"ﬁge{h
1.9 0.5 1.56 0.43
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Event selection

A Select a pair of sam@avouroppositecharegedi-leptons.
i ATLAS : pT1,2,3,4 > 20,15,10,768)V for e(>)
I CMS : pT1,2,3,4 > 20, 10,7(5), GeVfor e(>)
A At least one Z candidate have :
i ATLASmthr <mll < 120mthr=17.550 (22.5 @125GeV)
I CMS :40 mll< 120

I Isolations andlR(l) cut(ATLAS) amll for second Anll>4GeV(CMS)

o1 pt of the 4 leptons

ATLAS CMS s | pr Ho ZZ(— 4y 3
[120-130] [110-160] 0.08; oo -T1'1H=12BGGV ;

! ™ Before the selection

mH126GeV 5.3 0.8 83 1.2 F
() is the number for 160GeV 0 20 40 °0 BOpT [Gé?f?

o

— = E

ZZ bkg. (225 0.8) 155 1.0 0.06} =
. = pr2 {__ After the selection 43
Z+jets+top (11.8 1.4) 4.4+2.21.7 0.04f - 18
Bkgtotal 51 0.8 199 24 Lok i PT 12

July 13th, 2011 IPMU seminar 18



Results : m distribution

CMES, Pralimirry Wiim T Tad L= 808 i 55 = 8 Tolf L= 538 "

W
(8]

e Data o
Background zZ" ATLAS Preliminary

I
Il Background Z+jets, ft 77" .
[] Signal {mH=125 GeV) H—~22 4
[ Signal (mH=15D GeV)
[ Signal {mH=190 GeV)

- %% Syst.Unc.

— . @@ TV, de D6l
= Data 0o TV e, A Pl

12}

Events/5 GeV
(%]
(]

N
(8

%
O
E":l-. 10 I .2+I
L]
5
LU

s=7TeV:[Ldt=4.81fb"
s =8 TeV: [Ldt = 5.8 fb”

N
o

-t
9]

10

! ﬂ# -Ilu'j e Hl_r:‘. P
&

0 e
100 150 200 V2E ""':"" 1”"?1 1’5 #:E
my [Ge 80 00 20 40 60 80
al ] m,, [GeV]
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CMS: Additional improvement by ME

* Decay kinematic fully described by 5 angles and 2 masses

* discriminates spin 0 particle from background

5 . : |
* analogous of A} in H = WW analysis MELA — [1 i Pt (11, 2, 01,62, D, 0 1‘|’|Im|r}]

P (my, ma, 01,0, @, 6% Oy |my)
* MELA: matrix element likelihood analysis

CMS Praliminany 2012 ns=7 TeV, L=5.05 b ™" 18=8 TeV, =526 1"

_':.3-1 B ] B LR S RERE R BV e LR B L T TR
= 0.14 =
=

—— SM H(125 GeV)

PRD81, 075022(2010) 20.12}

oaf — 94ZZ

$ P / -
0.04///
0.02/

0 01020304 5060?0809 1
MELA
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MELA

MELA Likelihoodnass 2D
Signhal @126GeV

CMS Preliminary 2012

Background

CMS Preliminary 2012

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

.
?OO 110 120 130 140 150 160 170 180

July 13th, 2011

\s=7 TeV, L=5.05 fb™; \5=8 TeV, L=5.26 fb

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

IVIC LA

m,, [GeV]

\5=7 TeV, L=5.05 fo™; \/s=8 TeV, L=5.26 fb"
1 r 11 1T T T T T T T 7T

I, | T 0

?OO 10 120 130 140 150 160 170 180

m,, [GeV]

Data points are the same for both plot:

IPMU seminar
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MELA Likelihoodnass 2D

Background

CMS Preliminary 2012

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

MELA

L | e [T
?OO 110 120 130 140 150 160 170 180
m,, [GeV]

Data points are the same for both plot:

\s=7 TeV, L=5.05 fb™; \5=8 TeV, L=5.26 fb

IVIC LA

Signhal @126GeV

CMS Preliminary 2012

\5=7 TeV, L=5.05 fo™; \/s=8 TeV, L=5.26 fb"
1 r 11 1T T T T T T T 7T

1

| | IZeIZmu §
0.9 g
-+ 4e =
0.8 - 4mu 7;
0.7 d ——@
0.6 -
0.5
04 e
—.—
0.3
—.—
0.2 ——
0.1 =
I, | T
?00 110 120 130 140 150 160 170 180
m,, [GeV]

If data is only background, not much events are expected in this rec

July 13th, 2011
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Events / 3 GeV

MELA Likelihooanass 2D

CMS Prafircinary B5=7TaV. L=505%"  fs=BTeV.L=526 "
FT RT R rrri 1 I FTET L | ] 1 L] L

H‘_ I I L] 1 I I LI | LI | 1 rrrt | |
- : a [Dals ! I:
CT MELA=0S .
i3 Bzx -
5 zz -
i m, =126 GeV/-
=1 - —
45

110 120 130 140 150 160 170 180

July 13th, 2011

m,, [GeV]

ighal @126GeV

CMS Preliminary 2012 \5=7 TeV, L=5.05 fb™"; \5=8 TeV, L=5.26 fb
\ll\\l‘\ll\ll\\\

I2e|2mu § 1

-+ 4e

*4mu B 0.8

1
)
3
,
3
>
1
3
2
1

I, | T 0
hO 110 120 130 140 150 160 170 180

m,, [GeV]

ire the same for both plot:

avents are expected in this reg
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Results : Discovery significance

% 102§ L Dbs- EDmbInEd ATLAS Pre“minaw J: % ; I I LI I LI | L) | | I LI | L) | | |§
O Eoomeee- Exp. combined ") 3 E C

o] [ —— Obs. 2011 H— 7z 4 . > - '
R L s Sk

b - Exp. 2012 /5=8 TeV-|Ldt =5.8 fb" ] E - 3
——— - - 20

7 3 &~

L 10°E " 3
4 102 B g

G = m— 30 R T4 8TeY 3

. - = Bgeomd 3

L'E:'SG - CMS Preliminary |

- 10% HeZZw4 | =

—= C fe=7TeV,L=5051" } -
4 [ e - T fE=8TeV.L=528T" 1%

1D—Er|:|||||||||||."-||-.'-||||||||||.'I|:;||||||||||_ 1(]’5"""""'1'|""|' "I""f""l""

110 120 130 140 150 160 170 180 10 120 130 140 150 160 170 180

my [GeV] m, [GeV]

Local p0 LocalpO
ATLAS CMS

3.4s at 125GeV, expected 26 3.2s at 125.5GeV, expected 38
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Event selection & background estimatio

. . Z+|ets:
A two leptons + Missing ET e

A ggF: 0,1 jet, VBF: 2 jets Mainly for gt correction.

ﬁ 70 L ATLAS Prellmlnary 1400u.|
g 9 LU TENEN BF h ".:1 12003
5 8  WWcontrolregion =
W-iets: L control region  «
m F T T Iq T T I T | T T 171 | T T 171 | T T T 1 | T T 17 E
Fake lepton background. ¢ [ : : o sy
4 - L] - — m = e - 10[
Prepare Loose lepton CR 5 250 E%T%s{o o) g top” 4 "
L " | _
And multlplled by Fake rate. | -Zh(ﬂets B 222 1
uﬁOOOj T T 200 WT E ]
IRl o S ! : J’ Lat-a7’ 1 APPly Btagging to enhance
- ="w"§‘fwzz55$’f’er5 I'—dt am’{ 150~ WW: - ttbar background
2000~ ] F . i > e UL I B I
- . T T NOl’mahzed by Wi & oo ATLAS Pre||m|nary o v
C ha ] - . _ ¥ F \s=7TeV, [Ldt=a7f’ [  [JSideTop
1500 1 1000 control region. ~ : e B
1000- T O eof .
f a0l E
500+ B ]
- | 0 1 20f -
%50 40 60 80 100 120 140 °0 100 150 200 250 ? L. B
50 100 150 200 250 300 350 400 450
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Distributions In signal region
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Results : 95% CL upper limit

%102:' R L L L I(ﬂ)' L 5102§ o
© - ATLAS H->WW' '—lviv - Q‘” E median expected CMS Preliminary
© —— Obs 1 O i H—WW — 2i2v
6 - Exp. Ldt=4.7 b S [ expected=1p_ g 1 it (g Tev) + 4.9 1" (7 Tev)
E -1 G. 7 TeV «— 10 expected = 2¢ E
— 10 [(J+20c 's = © _E E E —e— observed s
o 20
o &)
& R 1E E
(o)) wn E 3
1TE B P - e — © B i
é-\ 107 & C M S -
ATLA‘D :| | AN ) I I | | IIII\III\|I\IIIIIII|IIIIIIIII|IIIIIIII
10" 100 200 300 400 500 600
TI I 1 1 1 1 I 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 I 1 1 1 1 I 1 7 1 =
100 200 300 400 500 600 H>WW, m_ = 125 Gev * iggs mass [GeV]

m, [GeV] 2-jet 8 TeV I -

A Excluded wide range.
A No significant >3 excess.

0-jet B TeV

A ATLAS will include 8TeV saa

0 05 118 2 25 3
best fit o/o.,,
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Observation of new particle
(including_ and bb)
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Local Significance

Results : Discovery significance

(=] ||||||||||||||||||||||||||||||||I||||
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12 T B B T B B B A B
135 140 nﬁ%g:ﬁ“ 10506 118 120 122 124 126 128 130
! Higgs boson mass (GeV)

ATLAS (expected=46

Local g= 3.0 x 10 =>5.0s at 126.5GeV
CMS (expected=5%

Local g=5.5x 10 =>4.9s at ~125GeV
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Large range and LEE?

Tc;_ ATLAS Preliminary 2011 + 2012 Data Look Elsewhere Effec
L@? —-—Elbs Vs=7TeV: }Ldt 4.6-4.8 fb: (global significance)
---- Exp. S=8TeV: |Ldt=58591
“_KP V\s=8Te t=5.8-59 ATLAS

4.1s (110600GeV),
4.3s (110-150GeV)

CMS

4.0s (110600GeV),
4.5s (115130GeV),
4.4s (110-145GeV)

200 300 400 500 600
my, [GeV]

A Here is only one place we observed significant exce
A LEE is just a protection to avoid wrong discovery.
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Signal strength as a function ohAH

; _I LI ITllllngl I.II.| 1 III|IIII|I UL I|IIII|IIII_ T 2_5_ IIIIIIIIII .I I- IIIIIIIIIII |I T T |I T T I_
= 2,5:— ATLAS Preliminary 2011 + 2012 Data—: = : '_cms Preliminary . £8% CL band
& | — Bestii E=7TeV: [Lot-4648®0' ] L of S=7TeV.L=51M" ]
§ 20 o< G-8TeV: Lat-5859' S f 1sT8TEV.L=0sm
»,_F 1 = 1.5F 3
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Best Fit Signal StrengtBest Fit Signal Strengt
1.2+0.3at 126.5GeV 0.88+0.22at ~125GeV
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o

Local p

History of the observed significance

10 o _ 4810
ATLAS F‘rellmlnary E_?Tevqeum,det_4.Efb_1
{s=8TeV(2012), [Ldt=5.91b

1 e~

EPS July 2011
— Observed

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

1 0-5 CERN Seminar 12/2011

1076 e E:;?:S;S
70 sorina2012 ut"
10 > ggnl;lszewed ‘ ‘4‘] i zgll:;ewedﬁ‘--__
1 0-8 ------ | Expecield | I =|- ----- E}lrpen:ted | e
110 115 120 125 130 135 140 145 150 a
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Possibllity of second Higgs ?
Alf seconchiggsk I S G KS &alYyS ON

[V} T T T T o T T T T rrTrrryrrrirrrry r rrr7r T4
5 10*m ATLAS Preliminary 2011 + 2012 Data » o F  CMS Preliminary | —=— Observed
10° —— Obs. E=7TeV: [Ldt-46-481" E ES=7TeV.L=51M : ------ Expected {EB:%}
10° - Exp. E=8TeV: [Ldt=5859f" s [(s=8TeV,L=53m" | Expected {95*’515
10 = L~ 1o
B o 10 E 95%
107 nt _______________________________________________________ 95% 1023 =%
10° 'JF'%:I"' = 10 8199 9%
1(}3 l'ﬂ* '. | % ; i :r E
j0 5 o 107 1S W
10° b y / o E i 3
| . /'ﬁ /] _107 A 3
108 | I \{"-\ z" O = N
107 J qu R 10°F N o
X / - : 3
"|I:TE plu.-' ] i 1 -10_? '.' L ﬂ

100 200 300 400 500 60O 100 500 300 400
m, [GeV] gs boson mass (GeV)

A Excluded except very high mass(>SOOGeV) by
99% CL
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95% CL Limit on o/a,

i

1
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Possibllity of second Higgs ?
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A Of cause possible.
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What should we do next?
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What should we do next?

A Mass measuremem, can be done by /ZZ
I To prove the scale of breaking?
I But 0.5GeV precision is really necessary?
A Spin measuremen, spin 0 or 2? WW/ZZ ?
I Spin O is necessary, if this is Higgs.

A Coupling measurement

I Almost sure the quark Yukawa does exist (QgF
discovery) and may be via top Yukawa coupling.

I But how aboutYl? Yb~m/246GeV?

I HA _ must be only the channel which can
indicate about lepton Yukawa coupling.

U

d VBF H->1t'T d

July 13th, 2011

WH->Iv bb

IPMU seminar

M, [GeV]

g

350 L B e B B B B B B
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- [ ] Stability bound -

300 — A =21 [ Finite-T metastability bound |
Co= Il Zero-T metastability bound -
* =T Shown are 1s error bands, w/o theoretical errors *

250 — —

200 — —

Tevatron exclusion at >95% CL

150 — —
- excl =
|- at>95% CL -
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Mass measurement
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Note : ATLAS did not mention this
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(KS a02yaraidsSyods: -\YZ%H
CMS mX=125.3+0.6GeV P\M///
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events/0.2 rad
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Spin of the observed particle

A 1t should be spin 0 or 2 by observatiorofdecay.
A But which?

I We heavily rely on the spin=0 information in the analy&isVW and ZZ

7HA WW . distribution

o

! 3
a4, lrac]
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= P @=x
Need to perform § °f e
quantitative study © ¢ E
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Coupling |
A Gauge boson and fermion. 7o o ane 2
g g> ratios from the SMliggs

CMS all channel fit.

CMS Preliminary
Vs=7TeV.L=511fb"
Vs=8TeV,L=531fb"

Measured by CMS.

g ggF H->Ww

g qggF H->ZZ

July 13th, 2011 IPMU seminar 40



Coupling I

A Fermion coupling!
A Need_ and bb.

or Gz
d VBF H->t"t d WH ->Iv bb
-2InA(u)<1 Intervals 2011+ 2012 Data
1111717 17 17 1 17 1T 1T 17T 1T 7T 7 17T 17T 1T 7T 1T 1T T T T ' e
Lo =125 GeV CMS Preliminary
m. = 119 GeV m, = 126.5 GeV my, = 130 GeV My
ATLAS Preliminary m, . ’ . . ! o E-7TeV | B=7TeV.L=51"
W,ZH — bb - 5=8TeV | [S=8TeV,L=53f"'
Ve=7TeV:|Ldt=46-47 "
H—- 1t Combined
El::e\;‘:"ifng?i " - - - H— bb (VH tag)
Ve=7TeV:)Ldt=47 1" _—Oi_ '.'i' 'O-E H— bb (ttH tag}
H s vy : : : H— 1T (0/1 jet)
V=8 TeV:| Lt =50 15" < | 1 8= -+ H— tt (VBF tag)
ﬁ:?TeV:JLd(t‘): 18" ! ! H H— 1t (VH tag)
H-zz" = : i : H— yy (untagged)
s=8TeV: =581" — e - '
i ; ; : AR
i H H H — J&
.ggsg\libl{g?ga-ssm" o E u=-0.3""2 il- u=12%"03 O-E =057"2 H— WW (VBF 1ag)
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Events / 10 GeV

Events / 10 GeV

Main background and estimation.

= I IR - =1
7 Deata 201 n— * [ata 2011 .
‘WH — (vbb | =%y, 3 ‘ZH R
- — “' o m =120 GeV)]
o3 ——— n : %;ﬁlm = :_Hﬂfbb | | :&E’:"_}GLBIBG
: - @ g weees TOP
300: N e 80 SR — Z+jets
11| I N 3 K
200: i : ‘ tthar +
150 ; ' ingle-top
100F o
50F
% 50 100 150 200 250 % 50 100 150 200 250

m; [GeV]
Top,W+jets, Z+jetsbkgare normalized

_m=s1 Py control region and side band region.
Zoe 1 Top

ok | tthar + WH : 3jets instead of two.

o g4, sindle-top 71 -Zmassveto +MissingEt

*30: N T 250 Wi Z+J ets

nseV - replace/loosen the btagging cut.
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Results : distributions (a part)

W - R K, = DT
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Result :ATLAS 7TeV(5f)

TNS=TTeV, L=
=_.. .. VH(bb), combined

CHS Prdiﬂﬂl'lﬂry BDT analysds L e e { p——

50" V= aTﬂr L= 51ﬂf"

CL, Expactad
I CLg Expected + 16
CL, Expected t20

L 'l L L I l
130 135

ATLAS WS
L} L ATLAS =
E 10E. —s— Observed (CLs) \J'§=TTe‘~.",J-Ldt=4_E~4.?ﬂJ g
2 - ----- Expected (CLS) wyH(pB), combined EE
I= - El t 1o 33.5
= 8- d: 1 S &
- = ﬁ é
af-é 6L 25¢
2 | .
al 1.5
[ 1
o
[I: [ R R R B
10 115 120 125 130
.. my[GeV] /8\
A Set 95% CL upper limit asec

I Expected : 25 x SM

I Observed : 4.&SM@ 125GeV

A 2012 analyses with

A

Improvements are now ongoing.
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120

125

L I l L 1 1 I L L 1
110 115
Higgs Mass [GeV]

Almost reached to the SM
xsecat mH<115GeV

I Expected limits are
~1.1xSM

Observed(Expected) limit:
@125GeV are 2(1.85M
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Event Topology and channels

A ThreeHiggs production processes are considered in this analy:

= 10777 T T T T T T T 38
= \s=8TeV ¢
c | 5
7S 18BF HA v ww - Fvag 5 &
°  RWHA B WW — [vI'y ’5
7 10 7 7z --1q5
] ZZ > w3
T .
10%h ZzZ - I :
© ZH — I'(bb E
1070 I=e,u \“” E
i Z I]d‘écﬁ N5 ]
. . 10° 500 50 200 250
A Separate analysis for thradfferent _ decay mode N, [GeV]
I leplep=Il4n: (ee)+e> b > >
I lep-had = [had3n: e_, 4t > 1ag Channels in () is ATLAS only

I had-had :-had—had/\ /'\(-had—had) _
A Combined all three channels to search f# _ signature.

July 13th, 2011 IPMU seminar 47



Event selection & background modeling

A Opposite sign tau decay products are required.
A High Missing ET and low MT cuts are added.

ZA _ estimated
by embedding

--used A > >ata

and replace by
full simulated_

/A ee/ > >+ jets, Top

Estimated by MC
with correction.
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150 200 250 300 350 400
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QCD¢ Estimated from Same Sign evengphad)
-- Template fit by loose selectiondp-lep,hadhad
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-1 W+Jets estimated by
1 High MT control region
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B 7511 (0S-SS)
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Events / 5 GeV

G
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Result : Distributions (a part)
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Result : CMS 7TeV(4.9%+-8TeV/(5.1f)

M
(=]

CMS Preliminary\Ns=7-8 TeV,H— 11, L=10 fb!

% |: | T LI | T 1T T 1 LI | LI | T 1 T T _I E 5-0 I
< qgp How ATLAS = 6 , .f —* observed ]
g - —e— Observed CL, ] B 45E expected 3
o 16 _ Expected CL, -[ Ldt=47 " ] S 40F [ + 1o expected £
= C ] C + ]
g 14F [J+2 3 — 25 s l:l_ZGE:xpected 3
=S F (s=7TeV : £ 35F |
d 12 INESS . — sof
C O YE
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T8 E @ 20F
oF E 1.5
* E 1.0F
2- e 0.5F
DT Lo v v b v v v by g 1T -
100 MO0 120 130 140 150 0.0 ———— EE— 1 L
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my [GeV] m,, [GeV]

Observedimit : 2.8-12.1 A Analvsis imbroved. 2x
Expectedimit : 3.4-8.0 y P -

@ 100-150GeV Higgsass Improvement from 2011.
2012 analyses with improvements A Observed(Expected)
are now ongoing. limit is 1.06(1.3)SM
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Result : CMS 7TeV(4.9%+-8TeV/(5.1f)

g 20I: L LI L L B B B L _| E 5-0 crldsl P':EIi:"]i:‘arly,\{ET 7:8 -:-evl; HI —)IT TI: LI= 1|{] 'l:b-1
*g 18 A—-w ATLAS - % —s— observed
c - —.— Observed CLS T | ...6 4_5 expected ...............................................................
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E 14 [+2 5=7Tev B E _g " FE [+ 20 expected
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Q C ( =
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5 | 3330
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i E 2.0
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my [GeV] 0.5 -
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Expectedimit : 3.4-8.0 m, [GeV]

@ 100-150GeV Higg:mass improverment 1mmom ZU.1.1.

2012 analyses with improvements A Observed(Expected)
are now Ongoing_ limit Is 106(13)8'\/'
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Result : CMS 7TeV(4.9%+8TeV/(5.1f8)

A Is this happened even if SM Signe = 5.0~ Preliminary,s = 748 TeV, H >t L = 10 fb”

exist?

A Made limit plot by injecting SM S|g

A Signal cross section best fit value

i ggFdominant category : consistent

SM prediction.

I VBF category : downward fluctuati

In consistent to SM prediction.

.......... 5|mulat|0n 5|gnal inj. ( -125 GeV) I

"g 4_5 - —p— observed 0009000020 e .................
;: ——— expected

4.0F '] £+ 1oexpected o
-': L 1 i2_-3 expected
,g 3.5 =
D 3.0
32
o 25
D

9. frrmmms-r e
1.5
1.0

\mIH=125(3ev|

H— tt (0/1 jet)

H — =t (VBF tag) BN B

CMS Preliminary
Vs=7TeV,L=>5.11b"
\s=8TeV,L=5.31fb"

H — =t (VH tag)

T T T T T N S |
6 -4 -2
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Discussions about and bb

A _ and bb decay modes are

|mIH:125GeV|

some of the most important
channels to determine :

I what we see is the HiggsH — bb(VH 1ag)
H — bb (ttH tag)

A ATLAS 2012 results will b&_s = (0/1 jet

published in September. H— = (VBF tag)
Inéf t (VH tag)

A Significant observation wi
be seen soon! (if exist)

A An anomaly(?) was observed

s
Vs

CEI'U'IS Preliminary
=7 TeV,L=5.1fb"
=8 TeV, L =5.3fb'

i 2 4 6 8

by CMS VBfautau channel.|—2l|n>~|(u)<1 Intervals

i Best fit /G,
2011 Data
rrrrrrree ety T
my k 1%6.5 GeV my = 130 GeV

I Need to see the ATLAS  ATLAS Preliminary m,= 1o Gev

results if we observed the vz,
same propertles Vo= 7TeV:|Lot= 4647 1"

H- 1t

A First precision measurementsfu-»

1
—O1

1
——
1

o

1
A |
I Pl

coming soon!!

1
10 1

-10

1 -10 1

If your model would like to be tested could you let us knowg@nal strength (u)
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A Fermion coupling!

Coupling |l

A Need and bb.

-2Ink(u)<1 Intervals

d
2011 +2012 Data

T T 7
ATLAS Preliminary m. =119 GeVv

my = 126.5 GeV

1T 1T 17T 1T T 1
my = 130 GeV

W,ZH — bb

V=7 TeV:|Ldt=46-47H"
H— 1t
Ve=7Tev:|Ldt=47f"
H—WW" = viv
V=7 TeV:|Ldt=47 1"
H— vy
Vs=8TeV:|Ldt=59f"
Vs=7TeV:|Ldt=481"

H—zz" S

Vs=8TeV:|Ldt=581"
V5=7 TeV:|Ldt=481b"

—

—

-

)

t

|

v

@

Combined
W5=8TeV: |Ldt=58-591"

f5=7Tev: |Ldi-46-481"

=

-
no
Lo+
S o
©

Q
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Signal strength (u)
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VBF H->t*t

or Gz

WH ->Iv bb

my = 125 GeV
& {s=7TeV
== {5 =8 TaV

CMS Preliminary
(s=7TeV,L=5.11"
(s=8TeV,L=531"

Combined
H— bb (VH tag)
H— bb (ttH tag)

%
e

H— tt (0/1 jet) —_——
H — 1 (VBF tag) —g—
H— 1t (VH tag) "
H— vy (untagged) i
H — vy (VBF tag) —
H— WW (0/1 jet) .
H— WW (VBF tag) —_—
H— WW (VH tag) - e
H_3’ZZ...|...|...i1"".|...|...|...
6 -4 2 0 2 4 &6
Best fit o/og,,,.
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Coupling |l

A Fermion coupling!

ANeed_ and bb.
Will see how thecouplings ' G2
are Converged d  VBFi=vw @ wi b

-2In}k( )<1 Intervals 2011+ 2012 Data

T T T 1 1 111 17 1T 1T T 1T T T/ I:‘:I_ o
ATLAS Pre“mmary mH =11 9 GeV my = 126.5 GeV my = 130 GeV my, = 125 GeV CMS Preliminary
: : _ [5=7TeV,L=5.11"
W,ZH — bb : ' 1 5=8TeV,L=53"
Vs=7TeV:|Ldt=46-47 1" T - ' 1
H— 1t ; ; : o
Vo =7 TeV: | Lat= 4be T T O H— bb (VH tag)
H— WW Y E E E H— bb (itH tag) =
Vo7 TeV: [ Ldt= 47" T R O H— 1t (0/1 jet) il
H- vy ; ; : H— 1 (VBF ta ——
VE=8TeV:|Ldt=59" < ! : .- _C!_ { 2
Vs=7TeV:)Ldt-48 1" ! ! H H— 1t (VH tag) . |
] 1 ' [ N
H—ZZ — I ] i i H— yy (untagged) -
Vs=8TeV:|ldt=58" _‘?— +_ 'O'E H— vy (VBF tag) —
Vo=7TeV:|Ldt=481" ! ! ' H— WW (011 jet) -
- T T T — =
Combined : : i .
E=8TeV: [Ldt=5.8- 591" ol @ p=-03 *00'02 e u=12 :]0'33 O u=05 f; H— WW (VBF tag) .
5=7TeV: |Ldt=46- 481" 1 0. 1 -0. H 0.
N R A S O I B BRI B B H— WW (VH tag) -
-1 0 1 -1 0 1 -1 0 1 H=2ZZ| . % .
. 5 4 -2 0 2 4 6
Signal strength (u) Best fit o/

SMH
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O 2200 Selected diphoton sample
2 2000E- e  Data201f and 2012
5 = Sig + Bkg inclusive fit (m, = 126.5 GeV)
ﬁ 18008, , 4th order potynomial
1600 — .
Vs=7 TeV,J Ldt=48f"
1400
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Conclusion
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Events / GeV
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ATLAS Preliminary
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Selected diphoton sample
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Conclusion

Selected diphoton s

Events / GeV

a new boson
at ~ 126Gev

= R > - . .
Observation of
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Conclusion

Selected diphoton s

gmmdzz ATLAS Preliminary

Observation of feas; »z="e

(mH—150 GeV}
il (m_=190 GeV)

a new boson

v [Ldt = 4.8 b

at ~ 126G eV v: [Ldt = 5.8 fi”

Data 20

Events / GeV

S2000F s prey 7 I i ' Y
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g And ] f

S o Prove New Physics! H H 7
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