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We had fruitful discussions in Japan

Hadron Collider -

http://www.icepp.s.u-tokyo.ac.jp/hcp2012/
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Tokyo in Japan

http://www.icepp.s.u-tokyo.ac.jp/hc2012/
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LHC and ATLAS experiment

AT LAS Q N | Detector ¢ haracteristics
Muon Detectors Electromagnetic Calorimeters s | Width: 44m
A W\ - Diameter: 22m
/\ \ = Weight: 7000t
Solenoid “:“ CERN AC - ATLAS V199

Forward Calorimeters

End Cap Toroid

7TeV collisions are Started in March 2010.
Upgraded CM energy to 8TeV in 2012.

Extremely successful operation for these
2.5 years.
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Historical observation
e E  Phys.Lett. B716 (2012) 1-29

. “These results provide conclusive
odeliiliggsibosoiita = evidence for the discovery of a
Sl ) B ~ new particle with mass

| < - 126.0%*0.4 (stat)10.4 (sys)

.

" GeV.”

o

Bl S/(5+B) Weighted Events /1.
43 T

But what’s the new particle?

3 :  www.elsevier.com/loca‘te/phyéletb
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Post Observation
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Post Observation
12th July, 2012 KEK seminar

What should we do next? _ We had progress on this.

*  Mass measurement = can be done by yy/ZZ
— To prove the scale of breaking?

— But 0.5GeV precision is really necessary? .
* Spin measurement = spin 0 or 2? WW/Z2*

— Spin 0 is necessary, if this isHigae” 200
* Coupling measurement F

— Almost sure the quark Yukawa does exist (by ggF
discovery) and may be via top Yukawa coupling.

— But how about Yb? Yb~m,/246GeV?

— H~>7tt must be only the channel which can
indicate about lepton Yukawa coupling.

350

i~
2
£

ro-T metastability bound ]
a Bands, wio ™ |

thecetical emvoes

2
g
-]

or Gz

d VBF H->t't d WH-=Iv bb
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Today’s topic
How coupling measurements are started?
What are H=2>tt.and bb going on?
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Post ICHEP results

* Coupling measurements in Sep 2012 :

ATLAS-CONF-2012-127

* Updated searches for each channels in Nov 2012 :
— (HOWW)
— H-> 1t
— H-> bb
— (combination)

- 4.6fbl(7TeV)+13fb1(8TeV)

Will be updated to :
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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Coupling measurement
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Higgs production and decay @ LHC

Gluon Fusion(ggF)

Vector Boson Fusion|

o(pp — H+X) [pb]

10?

10

10"

102

Productior\

\Js= 8 TeV

M, [GeV]

Mar 3rd, 2011
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All of bb, WW, T, vy, ZZ can be observedife"]

Open discussion meeting
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Channels included in the measurement

Higgs Boson

Subsequent

[ Ldi

Decay Decay Sub-Channels (b1 Ref.
2011 /s =7 TeV
H — 7ZZ® 4¢ {de,2e2u, 2u2e, 41} 4.8 [10]
H— vy — 10 categories {pt ® 1, ® conversion} & {2-jet} 4.8 [11]
H—- Ww® (vly {ee,eu, put ® {0-jet, 1-jet, 2-jet} ® {low, high pile-up} 4.7 [12]
TlepTlep {eu} ® {0-jet} @ {00} @ {1-jet, 2-jet, VH} 4.7
e, u} @ {0-jet} @ {EM*® < 20 GeV, EfM™* > 20 GeV} [13]
H— 1t TlepThad K Eé{e.,u} o (1-io0) & (€] & {2 ) 4.7
Thad Thad {l-jet} 4.7
Z = vy ET™ € {120 — 160, 160 — 200, > 200 GeV} 4.6
VH — Vbb W — (v ;;-"T”’ € {< 50,50 — 100, 100 — 200, = 200 GeV} 4.7 [14]
Z—f p% € {< 50,50 — 100, 100 — 200, > 200 GeV} 4.7
2012 /s =8 TeV
H— 7Z™ 4¢ {de,2e2u, 2u2e, 41} 5.8 [10]
H— yy — 10 categories {pt ® 17, ® conversion} @ {2-jet} 5.9 [11]
H—- Ww® evuy {ep, e} @ {0-jet, 1-jet, 2-jet} 5.8 [15]
20th Nov, 2013 KEK Seminar 10



Signal strength for each channel

IATL'ASI 201% - 20'12

W,ZH — bb

| !
m, = 126.0 GeV

Vs = 7 TeV: | Ldt = 4.7 b
H— 1t

Vs = 7 TeV: | Ldt = 4647fb

H—>WW —>Iv|v

Vs = 7 TeV: | Ldt = 4.7 b
Vs = 8 TeV: | Ldt = 5.8 fb!

H—>7
Vs = 7 TeV: | Ldt = 4.8 "
Vs = 8 TeV: fl_dt 5.0

H—>ZZ —>4I

Vs = 7TeV: | Ldt = 4.8 b
Vs = 8 TeV: | Ldt = 5.8 fb™

Combined
Vs =7TeV: [Ldt=4.6-4.8fb" u, =14+ 03

\s=8TeV: [Ldt=5.8-591b"

| —@—
| |

20th Nov, 2013
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Signal strength (u)
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Signal strength for each channel

I I I I I I |
ATLAS 2011 -2012  my - 126.0GeV

W.,Z H = bb o

Vs = 7 TeV: | Ldt = 4.7 b

H— 1t °
Vs = 7 TeV: | Ldt = 4647fb1

H—>WW —>Iv|v

Vs = 7 TeV: | Ldt = 4.7 b P
Vs = 8 TeV: | Ldt = 5.8 fb! :

H—vy

\s=7TeV: |Ldt= 4.8 5" i PY
Vs = 8 TeV: ILdt 5.0 :

H—zz" - al g H

Vs = 7TeV: | Ldt = 4.8 b —le—
Vs = 8 TeV: | Ldt = 5.8 fb™ ! g

Combined :
vo-7Tev: [lat-as-as’ = 1.4+ 0.3 e

\s=8TeV: [Ldt=5.8-591b"

4 0
Signal strength (u)

20th Nov, 2013 KEK Seminar 12



Coupling measurement : Notation

Production modes Detectable decay modes

2
4 . TggH I{g(I{h, Ki. 1My ) T
i = 5 WWwW B 2
oM K = Kw

¢H g SM
(+)
Wzl T SM — VBF(W’ K7, ”?H) rzzﬂ*l
| ; JVBE _ .
o 7
AL Coe
q L LTSM o W
, H WH l—-bE
o) W,z _ KZ
" O7ZH B ](2 _l"SM b
oM 2 bb
ZH
- rr—r+ )
UttH _ 2 = K
N SM- i H->yy
ttH
li,u,f _ { g(b{b, Kt. K, KWJ”H)
Total width Fﬂ“ ;
[ K2 (ki m
All measurements H _ H( i» M)
assume mH=126GeV F%M Kﬁ
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Production process dependent p

We can measure the ratio of Boson and Fermion coupling using
different production processes with the same decay mode.

q

OVBF _OWH _OZH

VVH couplin q - =
: P : S . oM SM _SM
in production T VBF Ywn Ozp
= Hver+vH
T+
8
,.C+
qqH coupling Ogegd YaH
. . oM T SM T Mggr+tth
in production T geH “(iH

g ttH H->T'7
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Production process dependent p

E 12_I T | T T T T | T T T T | T T T T ‘ T T T T | T T T T | T T ]
o’ - ATLAS Preliminary 2011 + 2012 Data -
% 10 ys=7 Tev: [Ldt= 4.8 " H-yy E
z T Vs=8TeV: [Ldt=59" Ny
¥ 8— + Standard Model ]
S - » Best fit ]
= 6 —68% CL -
H 9vv - -=--95% CL .
a- -
2F =
o =

_2__ | | 1 1 1 | 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 1 1 1 I__ <

1 2 3 4 5 6 <

I‘ngF+tlH X B;BSM C}.I
= WO 77— T
aa] - ATLAS Preliminary 2011 + 2012 Data
é 8 Vs=7TeV: [Ldt=4.7 " Ho ww = vl —
z L Vs=8TeV:|Ldt=58591b" 1
F 6__ + Standard Model .
o C % Best fit ]
= L _ —68% CL ]
H 4 ---+95% CL 7]
oF -
£ | :
C I R | il el | ‘I Lo v v by ]
1 0 1 2 3 4 5
I‘ngr—'+rlH X B;BSM
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Take a ratio to avoid BR effect :

HyvBF.vH / HogFtH

-2vy, H2WW and combination.

ATLAS Preliminary 2011 + 2012 Data
Vs =7 TeV: |Ldt = 4.7-4.8 fb
Vs =8TeV: [Ldt=5859fb"
—H->yyandH— WwW = viv
—H-y
—H-owWwW" 5 viv

-3 -2 -1 0 1 2 3 4 S

()]

MyBFavH / Mo gF et
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Coupling with Gauge boson

We saw clear excess on the both WW and ZZ decay channels
so meaningful HVV measurement could be presented

g ggF H->ZZ

2 F ATLAS Preliminary 4 oo A(h ')I E
= - is=7TeV,[Ldt= 481" we
Observed : }"WZ — ] 07ig%% o g s =8TeV, Lot =5.85.9 b7 ... exp. 2N AL ) E

O O N W A~ OO0 OO N 00 O
TITT7T RRARN
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Coupling with Fermion

May be this is too early to discuss since not yet observed bb and tt

Up type v.s. down type

Kd = Kh = Ky
Ku = Kt
}“du — Kr_i/"cu
*ETATLAS proiminary T F
:_ reliminary —_data -2 In A(L _: =
8 (s 7TeV,[Ldt =48 b ata-2in Alky,) 1 S
7E {s=8TeV,|Ldt =5.8591f" ....exp.-2In Ar) o
5F iy € [—1.2,1.2] 3
af :
05 1 R
?Ldu

20th Nov, 2013

KEK Seminar
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Lepton v.s. quark

K| = K:
h:q = Kh = K
}qu — K}_’}(l‘:{;

IR B

ATLAS Preliminary

Is = 7TeV, [Ldt = 4.8 fb

|s = 8TeV, |Ldt = 5.8-5.9 fb"

—data-21In A(Alq)

.een €Xp. -21In A(?qu)

Mg € [-1.3.13]

w

17



More global view

o e B B B B B

»

Ki = Kp = K ¥ - ATLAS Preliminary data2inAK) 1
< B \s=7TeV, |Ldt= 4.8 b v =
o F \s=8TeV,|Ldt=5859fb" ....exp.-2INA(x )
= Kw = K7 55— v =
— _ 2 4
= |1.28 k,, - 0.28 K|| E
4_| T T | T T T l| Il T T | T | T T | ] 25_ B
- ATLAS Preliminary + SM - :
1E
3 x Best fit . E N
B w’§=7TeV,J-Ld’[=4_8]‘b‘1 —-2InA(x I{F) <2.3 A 8a 08 08 1 T2 14 ‘1.5
i j ; 2|nA(KVKF) 6.0 1
- {s=28TeV, |Ldt=5.8-591fb i -
2 T — Ky € [09 1.0JU[l.1, 13]
N ',-"’" \\‘ N o 105 """""""""" |f"'1""|”'w""1""|:
- DY EEERE e
B Nl SN——— T - i o 8E ls=8TeV,de1=5_8—5.9fb" e Xp.2INAGK) 3
e T Ty ] 7E =
= . 6f 3
U - 5 =
N g I s 7 4l :
i ' e - 2 E
- N - § 13
_ B | | | | | | | -|— -I- -I-- | | | | | | | | | | | | | | | | | |_ 0-_‘ Iél } éI-S
8.4 0.6 0.8 1 1.2 1.4 1.6 1.8 .
Cxp € [-1.0,-0.7]U[0.7,1.3]
Y
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New results for each channel

20th Nov, 2013 KEK Seminar
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H->W(Iv)W(lv) channel in ATLAS

* One of the highest sensitivity channel. ¢
e Contributed to the observation a lot.

+

t 74
* May probe production mechanism t bH<
dependence ¢ W
— VBF H=>qqWW
g agkF H-=Www
— VH2>VWW
— ttH>ttWW

* Analysis is assuming/using spin 0, this @< O >@
means that it’s quite sensitive to the €b--6> Spin0 €H=-D>
spin measurement.

For HCP, only different flavor leptons channels with
0/1jet are updated.

20th Nov, 2013 KEK Seminar 20



Event selection & background estimation

* two leptons + Missing ET Z+jets :

MET vs mll
o ggF : O’]_ jet M?!EIV for_me;c cqrrection.mm

[GeV

gz 70|

" .\Is,= 7 Té\l '
Ldt=4.76

Erna

60[

50: L

Signal
region

Wets/Wy* WW control region
Fake lepton background. > IR B A e e T
-4 Data %= SM(sys@stat) - 10f
Prepare Loose lepton CR O 5001 ATEAS Preliminary &0 2 ioom, - — t
] . ° | 1 - Single To _ 20 40 60 80 100 120 140 IEOm.:Bge200
And multiplied by Fake rate. T | '*= ”fv fagi-1a0m B s Dwee .
*2 40(]_— H—>WW —mvuv/uvev (0 jets) W H25GeY]
I =P RREL R SRS A F L, . :
‘E " ATLAS Preliminary 40 Z e | 2 - : 1 Apply b-tagging to enhance
z spfenlo-mny Ro, SR o 000 o OWW: 1 ttbar background.
g C H—)WW“—>evpv/uvev (0jets) WHi5cey ] B 1 o 400 e —
8 4 - Normalized by WW & __: arias Preliminary g% 2o -
- i ] 2 \s= sTevILdt 13.01b" D:r [ SingleTop 3
o control region. {5 ook i ewivertion = @it
B 4 4 £ 250 4
20F 100 _: 200
E ] 150
10: 100
______ 50
300 m, [GeV] 0

Mar 3rd, 2011 Open discussion meeting 21



Events / 10 GeV

Events /10 GeV

H->WW results.

I L L L =
- — “ T [
100 ATLAS Preliminary . 1O
. o
\s=8TeV,| Ldt=13.0fb" [J# [ SngleTop =
) . Bl Z+jets [] Wiets "a;
80 H-WW' '—evuv (0 jets) B H (125 GeV) =
Q
>

w 80

60

40

20

III|III[III|III|III|

150

Ojet .

20

IIIIIII‘IIIlIIllllll

lIWlIITlIIIlIII]IW

200 250 30(

my [GeV]

N | T T T T I T T T I T T T T I T T T T | T T T
120 — ATLAS Pre |nary —+— Bkg. subtracted data
100 's=8 Te'V,j LdtMB.0fb" [ ] HI25Gev) E
[ HoWW! )—>evuv/ v (0/1 jets) -
80— -
60 + =
40 + -
20 + -
0: e _+—4 P :
B 4»*#7_ T
IR ERRPI RFR (UL I EURRRI B
50 100 150 200 250 300
my [GeV]
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e
120 ATLAS Preliminary
[ \s=8TeV,] Ldt=13.0fb"
100~ H—>WW(')—>pvev (0 jets)

1

Local p

KEK Seminar

-~ Data
B ww
(I

B Z+jets [] W+ets

ljet

L —
# SM (sys @ stat)
B WZZZ/Wy
[ Single Top

B H (125 GeV]|

IIJ|lIL|III|III|I\J|I\I|IIJ

[T [T I T
ATLAS Preliminary
HoWww! )—>evuv/uvev (0/1 jets)
\s =8 TeV:/Ldt = 13 b

Closeto 30!

Ll Ll Ll N S .
100 120 140 160 180 200
m, [GeV]
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H->bb searches in ATLAS

2 lepton 1 lepton 0 lepton
u u u
I I
Z W
VA I w" Y
b b
H H
d ZH->11 bb b d WH->Iv bb b d ZH->vv bb b
ZH = llbb WH — Ivbb ZH = vvbb
* No additional leptons * No additional leptons - No leptons
« Emss<60 GeV « EmMss > 25 GeV « EmMss > 120 GeV
« 83<m, <99 GeV « 40 <M;" <120 GeV « E/mss trigger
» Single & di-lepton trigger » Single lepton trigger

oW [0-50],[50,100],[100-150],[150-200] [>200] Geyém'ss [120-160] [160-200] [>200] GeV
Show the results with 4.6fb1(7TeV) and 13fb-! (8TeV) data
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Background and estimation

2 lepton 1 Iepton 0 Iepton

= [ T T T T T T T ] — ———— . — ——
3 osof- ATLAS Prefiminary :gﬁlﬂf'g 2 'ATUAS Prefiminary o Qo E 1o~ ATLAS Preliminary =“ﬁ“’ 3
e Jramizon’, GagTev I Mutijet S 1o [LA1208, EapToV =, S b [remsom’ Geste Howan ]
- Em_— 3 2 Tags, a2 Jots [ Diboaon - = h - =1 —
g " Laptons, =5 r 1 Lopton, 2 Tags, 2 Jots, pf>0 =t E [ OLwonzTosnesEmew S, .
Weal — P wadl —]
g 2 Ieptun = 5 = | I 0 lepton Eit
- e e | oz« aof— 24 —]
R Z=e C 2 Ze 3
k5] C [ .
bl -
wof =
aof =
o 2f 2
. % 1.52— E
4 o A4lL T
= E TR ]
50 100 150 EU{! 250 50 100 150 200 250  ° B0 100 150 200 250
m, [GeV] m,_ [GeV] my [GeV]

Ztjets IW+ijets Z+jets/W+ijets/

Shapes are obtained by MC and normalized to data by Control region.
Multi-jet background was determined by data-driven way.
WZ/ZZ(Z—>bb) resonant backgrounds fully rely on the MC.
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Events/20 GeV

High sensitivity categories

2 lepton 1 lepton

|h_,|_‘_lﬂls|r_'lﬁlil"ﬁ1l-_l¥ll|||||||||||||||||_ :é 'A"'r:Ei'nfi‘II.'rr"l"'l"'li:"'I"'
Lt 20 5, 3 =8 ToW Mulsijst = 70 L1201, {3 =8 Ta¥ g
2 Lopton 243 Jots, 150 < . < 200 GoV Top E BOE- 1 Lapton 2Jots, 150l < 200 Gow
Wz & =0
Dilbsbati
-— Pra Fit 40

100 120

100 120 140 180 180
[GeV]

150 < p{Z < 200 GeV 150 < p;" < 200 GeV

L d=120 057, {F =8 Tov At ot = L=t 30 R, [§u8 ToV -H-F
2 Lapion 343 Jois, pF > 300 GoV Top ﬂ 1 Loplon 2 Jets, ol =300 GV -::
[ E ='
b
w mz
(e S

azases—

100 120 140 160 180 200 120 140 160 180

[GeV] [GaV]

pZ>200 GeV D> 200 GeV

20th Nov, 2013 KEK Seminar

0 lepton

Iﬂli".l'.lﬂlsll:'lélilllil T T T T T T T |-.a.|. T
i I WH

_r:.mun. [s =8 To¥ [T

I Lapfon 3.Jaty, 1602 ET™" « 200 GaV haid

v e S B s vy
40 &0 80 100 120 140
[GeV]

160 < E,miss < 200 GeV

I_,Iqlllllllllgjlyl
"] W
LateT3 0", {528 TeV LB S)

0 Lapton 3 Jotg, ET 1 200 GeV

P PRI |, I ]
20 40 60 80 100 120 140 160

E mss> 200 GeV™
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After background subtraction

E 400 A LAS Prehmmary .WZ+ZZ

= e
42 300 j Ldt=4.716", (s =7 TeV . ZH 125GeV
g 0,1,2 lepton

w200 -e- Data - Bkgd

100

II_*I_'-IIII|IIII|IIII|I_

_+_
.+_

—e—t

-100

! 1 1 1 1 1 1 1 1 | ! ! ! ! | | ! 1
50 100 150 200 250
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Results : combined limit and p0

e C(Calculated limit and significance using MMC distribution as the discriminant.
* To extract signal, Profile likelihood was used.

Expected:1.9xSM Observed:1.8xSM Exr(:ected :15% Observed:64%

(u=0)

= 6 1 1 T T T T ] L B N ﬂn
‘g, ~  ATLAS Preliminary ls=7Tev, JJLdt =47m" A
5 5:_ e 2:,;';'3{‘;;’ '|'§=BTBV,ILdt=13_be'1_: ;
'E C E + 1o VH(bb), combined ]
= A [J+20 —
-l - ]
&) 3 N :
2 ~ -
& - .
21 = 107
1 -
0 - | [N S A SN TN TN N AN NN SN NN (RN N SN N M .
110 115 120 125 130
my [GeV]

| ATLAS Preliminary VH (bb)
__ ; ILM?E’,{E:?HI{IL::::t&ﬂH’,FnsmF
E -—_‘-_‘-—\—_
i 1 I I I 1 I 1 I 1 1
110 115 120 125 130
m, [GeV]

Best fit value of Signal Strength (p) is -0.4+0.72%0.8

20th Nov, 2013
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H->tt searches in ATLAS

 Three Higgs production processes are considered in this analysis.

= 10T T T 3§
=k \s=8TeV ¢
q &
x 1uBFHAL Wi-Tverl = &
©  LwWHA Fvbb WW [y >
q 10-15;. ..... AN - F7s |+|-qa n
] ZZ w3
t 10_2;_ zzrr |
" 3 ZH — I'Tbb
10°E ! M s
e \ *
q =udscb \''" R
10900 150 200 250
* Separate analysis for three different tt decay mode. M, [GeV]

— lep-lep = ll4v : (ee)+ep+pp
— lep-had =It, 43V : eT, 4+ KT, 4
— had-had = T, 4T,,.4VV : (Th24Thad)
 Combined all three channels to search for H>tt signature.

Show the results with 4.6fb1(7TeV) and 13fb-! (8TeV) data
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Di-tau Mass reconstruction

Di-tau invariant mass should be a important discriminating
variable from backgrounds. But having 2-4v in a events.
Need...

Event by Event estimator of true di-t mass likelihood.

Full reconstruction of event kinematics.

Missing Mass Calculator(MMC) g [ Totrgrdommy |

= i 45<p <50 [GeV] |

i . So.o15- [ f  ATLAS Simulation —

° SOIVe T) ETmISS N Ad)(-tV|SIV) g i ] |z Simuiation

parameter space using oof Pt ockn -

AB,p(T,.,v) template from ]
simulation as PDF.

% | - — I()IOSI | - — 0.1 | — I(}I15I 11 I()I2 4
AByp, [rad]
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Background and estimation

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

Z->1t estimated by embedding+MC

- L R R A L

. o 500~ LT +1-je ]

-- used Z-> up data and replace p by full simulated T, o , * j‘j;: t i
so that all the objects except tau decay productare < . " —— 10X H(125)=tt ]

P Z—1r (05-58)
I Others (0S-SS)
[ Same Sign Data
%% BKg. uncert.
J Ldt=46"fb"
Vs=7Tev —
ATLAS Preliminary

obtained by real data.
-- Used high statistics MC for VBF channel with
correction by data.

Z—>ee/pu + jets, Top, di-boson Estimated by M
with correction.

00 150 200 250 300 350 400
MMC mass m,, [GeV]

QCD and W+lJets — Estimated from Same Sign events(lephad)
-- Template fit by loose selection (lep-lep,hadhad)
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Z(->tt)+jets modeling validation

) L A B I
. . . . o o = 016 O, + W Tag Preselection—
Higgs Signal is on the right hand side tail of Z. 2 orab 4 7 vee Embodded
2 0.14f -
. ° = C - —— Z—1r Alpgen MC -
Need carful varidation of the Z->tt shape. goz Te e
o rrerrre 0.1 & [Ldt-130m' 4
8 500 pr, H+1jet . 0 08:— G {s=8TeV E
= i Z —+— Data ] L ’ ATLAS Preliminary 7
- C —— 10X H(125)>tt ] . . . o 3
£ 400¢ Bzt (0S-SS) MMC distribution 0'06: ® g ]
o C Bl Others (0S-SS) ] . r I
G N Same Sign Data embeddingvs MC **F e ]
L 7% Bkg. uncert. 4 0.025 ® .
E Ldt=46" 8 | K .
200F (5=7Tev . Dot =100 150 200 550
L ATLAS Preliminary MMC mass m,, [GeV]
100F . E e e Preselection
E 1 S\i 14 —+— Data —:
%850 100 150 200 280 300 350 400 TR <SP ;;’;ﬂ‘}g@gg} K
MMC mass m,, [GeV] MET distribution. ] - -Othérs (08.85) |
. H H = 10 I Same Sign Data
Non-VBF channel : Embedding estimation vs data i ot unert. ]
- Checked with MC sample - f““jj-” B
. . . oy r is=8Te A
- Assigned systematics by varying condition. ATLAS Preliminary |

VBF channel : High statistics MC
- Jet kinematics are validated by Zee/puu data.
- Reweighted kinematics for MC mismodeling. 0 10 20

30 40 50 60 70 80 90100
E|_'I_I'IISS [Gev]
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ggF sensitive channels

VBF sensitive channels

Results: discriminant distributions

leplep lephad hadhad
}4504||||||||||||||||||||||||||||_ } :Illlllllllllllllllll : 400_
8 : ee + au + up Boosted é g 1200L UTjoy + 8T, Boosted h E . I mem H+1 Jet Boosted :
o 400 —+ Data ER [ —+— Data 1o 350 —— Data -
- E _ .1 = ——5x H(125)=1t 1~ C — 5% H{125)»1r 3
— 350F 2x H125)—=1tt 3 o 1000 -0 o z ]
@ E 7 1 2 B 7 (0SSS) | £ 300F i o -
= F ] c B Others (0S-8S) 1 o C I Multi-jet ]
o 300 Bl 7—eeuu 4 92 - rs{ 1= u I Cthers .
G C B fisingletop ] W 800F I Same Sign Data - ' 250F %7 Bkg.uncert.
250F WWWzizz - 777 Bkg. uncert. . r J Ldt=130f" ]
: I Fake leptons 500l [Lat=130m' 1 200- =
200t %7 Bkg. uncert. - 5B TeV . y ls=8TeV ]
B (Ldt=13.0f" 3 ya==ule ] 150 ATLAS Preliminary—
150 J = - 400 ATLAS Preliminary_| C ]
£ fs=8TeV 3 i ] 100F 3
1005_ . ATLAS Preliminary o00l . B ]
50F . : 1 S0t E
%% 100 150 200 250 300 0="80 100 150 200 %50 100 200 _ 250
MMC m.. [GeV] MMC mass m,, [GeV] MMC mass m. [Ge
2xSM signal 1xSMsignal _ __ 5xSM signal
E 30:_IIII TTTT ”Illéél E;JI_:_LIJ-;:L}_'_QHF;{VIEI‘I_D_ E 22;_ T “Th;d e[m;H+2-]e|tVBF_; £ 30:— T E:TEIEEVBF—-
. = - ala -
2 - "4 Data 1 8 205 Data ] - o5 — 5x H(125)» ]
— o5F — 2x H(125)» |~ 18F H(125)—1t 1 & r = ﬁ_)nﬁ' t .
= - | e 1 = E Z-1t E= - ulti-je ]
E : B 7 ceuu ] 8 168 Others 1 2 20f - E’.}gfm -
i} 20__ [ ﬁ+sing|.g_[0p 1 w 14:_ Fake © B - N ' . 4]
C WW/WZ/ZZ ] 12E 4 Bkg. uncert. = B J Ldt=13.0" ]
15:_ [ Fake leptons _ 10:— JLdl= 13.0f6" 3 15:_ fs=8TeV _
! 7777 Bkg. uncent. L ok 5-8TeV E r ATLASPreliminary]
100 |Ldt=1308" ] g ATLAS Prsliminary 7 10 B
Z fs=8TeV ] 6F E C ]
3 ATLAS Preliminary - 4F 3 5 -
: I 1 | K .
%50 100 150 200 250 300 350 400 G50 100 150 200 250 300 0 50 100 150 200 230
MMC m., [GeV] MMC mass m,, [GeV] MMC mass m, [GeV]
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Results : combined limit and p0

-y
o
-

my [GeV]

LocalpO

Expected:1.2xSM Observed:1.9xSM

(u=0)

13th Nov, 2012

HCP 2012

10

—
<

—
=
N

—_—

T T T T | T T T T | T T T T | T T T I'_l T T T T E
ATLAS preliminary | Ldt=4.6fb" ys=7TeV 3

JLdt=13.0fb7, (s =8 TeV|
—Observed H — 17

--- Expected for SM Higgs Boson

... EXpected for SM Higgs Boson at mH=125 GeV

[ J

e To extract signal, Profile likelihood was used.

E 1G£ | L | T T T 1 | L | T T 11 I L | f

= F Hooo ATLAS PreliminaryJ

s 9 —'—EE“;"’;S?E [Ldt~46f" 5=7TeV -

S gt Etzﬂe |Ldt~ 1317, {s=8TeV 3

= - It 1o 3

E TF e

o % E

2 5 E

Lo o 7

@ 4F =

%

-

1 :

c% | 1 1 1 | 11 1 1 | L1 1 1 | 111 1 I 11 1 1 | %

110 120 130 140 150

Calculated limit and significance using MMC distribution as the discriminant.

%_ »—--'—:?0 o

; llllllll ;2 c

E | | | | | | | | | | | | | | | | | | | | | | | | E

0 110 120 130 140 150
my [GeV]

Exr()ecl’ged:1.7o Observed:1.1c
u:
Best fit value of Signal Strength (p) is 0.7 0.7

33



‘uVBF+VH x B/ BSM

MygEvn x B’IBSM

Summary of production dependence

20th Nov, 2013

12— ]
- ATLAS Preliminary 2011 + 2012 Data
10 5= 7Tev: [Ldt= 48 1b" Hoyy .
T Vs=8TeV: |Ldt=591fb" ]
8 + Standard Model ~ —]
B * Best fit -
61— —68% CL -
N ---95% CL ]
4 -
2f =
oF =
20 t ! L | ! -
0 1 2 3 4 5 6
l"ngF+t'tH x B/BSM
10—
- ATLAS Preliminary 2011 + 2012 Data -

8~ \s=7TeV: [Ldt=47fb" Ho ww' S viv -

L V\s=8TeV: [Ldt=5.859fb" .
6 + Standard Model |

B * Best fit B

B L — 68% CL ]

4 o -+ 95% CL -]
2 =
o =
2f § .

C L bt L Ly ]

-1 0 1 2 3 4 5
Hogran X B/Bg,

x B/ BSM

MUBF+UH

N W s O

H—> 1t result.

" ATLAS Preliminary
j L=46f0" (s=7TeV

J- L=13.0fb . {s=8TeV

pammem———
el

hhhhh

*  best fit

*  best fit (u=0)
— 95% Contour

68% Contour
SM prediction

Background only

my =125 GeV
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Summary of production dependence

E 12_| I I I | I | I 1 | I | I ! I | I | | I 1 I | I | I I | I | I I_
0’ - ATLAS Breliminary 2011 + 2012 Data A
0 1 0—1OFrre 4 —
= O E e 7 TevITar="48T0" '~ T HIyy 1 " N
@ Trop ATLAS Rrelim[naky 5.0 o' 2011 + 2012 Data - .
Q T8 & =—4-7 b’ H— WW" s v Standard-Model ]
X [an| — i _. Sy 1 . - n
T > [ Vs 5.8-5.9 o™, < Bestfit 4 .
I > 66 .+ StandaraW8S6ICL ] -
@ - ., % Bestfit--'95% CL 1 7
T_Lr‘-%s “‘\_ 68°/°§-L< I bes‘l:: ik n
4L——_ Sl * 95% CE= e B s — X T
L e e 0 O bt e = S
E_f/2’4 :E.r--:::--_l__ o o B
—————— irg:\:\he\ il ——ﬁ:—;——————-—.——-g--- -—El---------
it el IR e oA /R L .—>

i 2 3 4 e =S
“ﬁ}: gt % BiBg)= =
uggF+ttH X SM
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What we achieved post-observation

Observatlon paper

HCP[ prelirqinalry

| | | I I
ATLAS 2011 - 2012 m,-1250cev | | ATLAS Preliminary { ™= 120 GeV
W,Z H — bb P W,ZH - bb
\s = 7 TeV: [ Ldt = 4.7 b i Vo= 7TeV: [Ldt= 471" . :
H — TT . Ve=8Tev |Ldt=13 "
\s =7 TeV: [Ldt = 4647fb1 ¢ i E_ﬁeﬁm_mﬁ.

. =7TeV: |Ldt=4. i
H— Ay : ottt ;
Ve =7 Tev: | Ldt - 471" le— H—WwW" - vy E
\s=8TeV: [Ldt =58 10" : Ve=8TeV: JLdt=131" P
H— w/?( i
Vs =7TeV: [Ldt=4.81" D e— H— vy :
\s =8 TeV: det 591" ; \s= ?TeV}l-dt 43ﬂ=: ——
H —)ZZ _)4| i \s=8TeV: |Ldt=59 §
\s=7TeV: [Ldt= 481 e H—)ZZ —>4|| E
\s=8TeV: Ldt=58 10" : fe=TTRV: l"dt_4 s —

' Ys=8TeV: | Ldt =581 :
Combined : Combined L=13+03 ;
\s=7TeV: [Ldt=46-481 un= 14+0.3 | —e— Ve=7Tev: JLat=46-4810" P
\s=8TeV: JLdi=58-591" Ys=8TeV: JLdt=58- 131" :

| | | | | | | | l | l | l
-1 0 1 -1 0 +1
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We observed something in July

* Indeed the observation was clear! (60)

20th Nov, 2013 KEK Seminar
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We observed something in July

: A
* Indeed the on 0N Was cIeW

e But still not sure what it is.
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LHC after 2yr shutdown

KEK Seminar
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Open question : next generation exp.

How easy to see who is sitting on the plane ?
Do we have enough motivation for the cost?
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backup
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Other measurement

&Kzz = Kz -Kz/kH
@ +0.9
/\:\/@/\O & kzz = 1.375¢
< <
\$4 —
o AFz = Xr/Kz

cF =k =k = k. Az € [-1.1,=0.5] U [0.6, 1.2]
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Loop coupling : photon and gluon | Higgs decaying to invisible particles.

5 S~ 1 = R L A B B L B BN B = 5 L ' L B B B ]
e lvin N OV | PO v SR AN N
- \s= ’ =4 _ = Ve = =4, - . -
- “s - 8Tev JLdt “heb - T A(KY!KQ) <23 ] = B \‘Is 7TeV, JLdt =4.8 b . i
ol \s=0clev, = 2.0-9. . 21In A(K,ysKg) <6.0 — = 8; \s = STEV, _[Ldt =5.8-59fb - ©XP. -2 In A(BRiI’]V.) ;
B - o~ i _
151 ] 61— .
i . 4f _
1 - B }
- , ] 2 .
0.57—.‘|.‘.\.‘.\..‘|..m.‘.\..‘|..‘|".|.—7
0.6 0.8 1 12 14 16 18 2 2.2 oL— OL . 1
Ky
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Systematic Uncertainties.

» Systematic uncertainties for Z=> 1t background and Signal.

 Dominant systematics are Embedding, Tau Energy Scale
and Jet Energy Scale. Both Shape and Normalization
variation are taken into account.

Uncertainty H — TiepTiep H — TiepThad H — ThadThad
ZoT11
Embedding 1-4% (S) 249 (S) 1-4% (S)
Tau Energy Scale - 4-15% (S) 3—-8% (S)
Tau Identification — 4-3% 1-2%
Trigger Efficiency 2-4% 2-5% 2-49%
Normalisation 4. 7% 4% (non-VBF). 16% (VBF) 0-10%
Signal
Jet Energy Scale | 1.0-5.0% (S) ) 3-9% (S) 249 (S)
Tau Eneroy Scale — 2-9% (S) 4—6% (S)
Tau Identification — 4-5% 10%
Theory 7.9-28% 18-23% 3-20%
Trigger Efficiency small small S%
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