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Contents
o |LHC

e Standard Model Higgs

e BSM Higgs
e (Other BSM
e Summary

This talk contents are completely biased...
SM Higgs > others
ATLAS > CMS
(I'm ATLAS member.)

“July 2012" is the historical days in the particle physics.
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ATLAS+CMS seminar at CERN at the 4t July, 2012
b— (€ Japanese news paper)
\y

ATLAS Higgs WG celebration (4t" July, 2012)
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« LHC finished the first phase much successfully. o
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e LHC delivered ~6 fb! with 7TeV and ~23 fb"! with 8TeV and ATLA[S

and CMS has recorded these data_g. wit
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ATLAS Online Luminosity Vs=8TeV
[ LHC Delivered
[ ] ATLAS Recorded

Total Delivered: 23.3 fb™
Total Recorded: 21.7 fb™!
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Standard Model Higgs
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Higgs production and decay at LHC

q q W/Z g t

-- H -- H -- H
g q q H g 7
(a) gg— H (b) VBF (c) VH (d) nH

NNLO+NNLL(QCD NNLO+NLO EW NLO
soft-gluon)+NLO EW
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M,=125GeV: 19.5pb (ggF), 1.6pb(VBF),
0.7pb(WH), 0.4pb(ZH), 0.1pb(ttH) (8TeV)
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SM Higgs analysis channels

Category = “tag”

mm

H->yy 110-150 5+ 13 v 0, 2+
H->Zz®  110-600 5+ 13 v 0, 2+, 2
H->WW®™  90-200 - + 13 v (v 7TeV)

H->11 100-150 5+ 13 v/ v v

H->bb 110-130 5+ 13 v (v 7TeV)

CMS___| Mass cev) | Data av) mm

H->yy 110-150 5+5 v

H->7z®  110-1000 5+ 12 v/ 0, 2*
H->WW® 110-600 5+ 12 v v (v/5+5)

H->11 110-145 5+ 12 v/ v/ (/7TeV)

H->bb 110-135 5+ 12 v (v 7TeV)

Some channels are not yet included in the combined results.
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SM Hig analysis channels

Category = “tag”
mm

H->vy 110-150 5 v 0, 2*
H->zz™)  110-600 5 v 0, 2%, 2
H->WW®  90-200 = v (v 7TeV)
H->11 100-150 5 v v v
H->bb 110-130 5 v (v 7TeV)

CMS | Mass ev) mm
H->vy 110-150 5 v
H->7z®  110-1000 5 v 0, 2*
H->WW® 110-600 5 v v (v/5+5)
H->11 110-145 5 v v (v 7Tev)
H->bb 110-135 5 v (v 7TeV)

Some channels are not yet included in the combined results.
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H->yy
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ATLAS H->yy with 2jets

e Event selection

— Two photons with
E;>40GeV and 30GeV (ATLAS)
Er>m,_/3 and m, /4 (CMS)
(Er>m,/2 and m. /4 for CMS dijet-tag)

e Introduce categories to
1) improve a global sensitivity
2) enhance a certain “production” channel

ATLAS : 12 categories (8TeV), 10 cate (7TeV) M;=1.6TeV, An; =35.6
1 for lepton (for VH)
2 for di-jets (for VH and VBF) Typical cut for VBF tag (ATLAS/CMS)
9 for others (for ggF). - M;; > 400-500GeV
- An; > 3
CMS : 6 categories (8TeV), 5 cate (7TeV) Purity of VBF process in VBF-tag
2 for VBF - ~70-80%

4 for others using MVA
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CMS (s=7TeV,L=51f"'{s=8TeV,L= 53fl::1
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@ - i 5 Al 1 SDU
b 4000 F— ATLAS Preliminary = —
= - %)
3000 — — I=
= - )
2000 s = ?TeU,JLdt —481fb" — Lﬁ
1000 {5 =8 TeV, | Ldt = 13.0 fb” = E’IDDU 130
- . - Q ¥ (GEV:}
a 30{):_ 1 1 I 1 1 _: E 1
Ll-&) 200F 3 =2
= = E O | ¢ Data |
5 = = - )
ioOTELd ) L 7 =20 —ssm
0 —— t : +-+ ¢ T H—*—E — | eeeee B Fit Component
-100 + + + t B EE' E T i
=200 :—. - 1 1 L L1 PR R T T L1 .—E w - :l izﬂ —
100 110 120 130 140 150 T80 ~—v | | | | |
— U | | | | | | | | | | | | | | | | | | | |
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e Observed a significant peak around 126GeV in both experiments!
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H->yy

P [0 - R P IR I M I IR L * o 10 —
= —_SMH — yy expected ATLAS Preli F 3 . . CMS Prel
g 10° _ Obserjefifp P p refimina '_E : Interpretation Requires LEE 5= ?;2;T£1331 i
S 1? 2 & 1k S+8TeV,L=53Mm" -
107 B : vj \\\'\ ff_*‘\;m ) 1o
3 = ——— - “1‘ 17 “Il":, /}
10 e S ; ,-ul"'".
10—3 T s e = T F— '|| II[IIII ‘II' -.....‘_ - 20
10 = el \ et
107 ﬂ:'ﬁﬁé"ﬁ'ﬂl'ﬁ"""' - \ 7‘/{"' 3
10 = Exp. 2011 = - Observed (Asymptotic) 19
107 = e Oy 2012 E \ / ..... 1x SM Higgs Expected [Asimov)
108 - Exp. 2012 L \I 7 TeV Observed (Asymptotic) .
TOEE """" l""""'l' """" l" """ | | | | - v 8 TeV Observed (Asymptotic) 140
107490 115 120 125 130 135 140 145 150 'O s 0 13m0 1B 10 145 750
m,, [GeV] m, (GeV)
H
Data (7TeV+8TeV) [4.8 + 13.0 5.1 +5.3
Local pq 4.4 x 1010 (6.15) | 1.8 x 10°5 (4.15)
@126.5GeV @125GeV
Signal strength (1) | 1.80+0.42-0.36 1.56+-0.43
@126.6GeV @125GeV
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H->2Z2"->4l
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Clean but rare!
Good mass resolution

H->2Z2Z2"->4l

o*BR[fb1]
@8TeV

— 4] mass resolution (ATLAS, 125GeV) 125 15

e 2.0GeV for 4u
o 2.3GeV for 2e2u
o 2.6GeV for 4e

200 33
400 13
600 2

14

Width
[GeV]

0.005
1.4
29
120

CMS includes
2121 channel
for high mass.

Event Selection for low mass region -> leptons from Z* has low pT.

— Lepton pT

e ATLAS : p;>20, 15, 10 and 7/6GeV (elec/muon)
e CMS: p;>20, 10, 7/5 and 7/5GeV (elec/muon)

— Z/Z* mass window

e ATLAS : 50<m(Z)<106GeV, 17.5<m(Z*)<115GeV
e CMS : 40<m(Z2)<120GeV, 12<m(Z*)<120GeV

— Typical selection efficiency (ATLAS, 125GeV)
e 37% for 4u, 23% for 2e2p, 20% for 4e

’ 13 Feb, 2013
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4 lepton invariant mass

CMS preliminary \4'_ TTeW L=51f'Js=8TeV, L=122%"
1 1

= F > 2577 T | LS L
gosp + Data ATLAS Preliminary & * Daa ;
-I-EII:I: B Eackground 22 HoZZ' 'l X Ezx
: B Background Z +jets, t :‘é 20 1 M2z -
7] Signal {m =125 GeV) c L r i
25_—3?5 2 ¢ [ Imz126 Gev 1
- yst.Unc, T 15__ -
i I Ik
s =7TeV: [Ldt= 4.6 o ;
518 =8 TeV: [Ldt = 13.0 f” sol
10— E
5_
. I
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m,, (GeV)

e Observed a peak around 126GeV in both experiments!
e Also we can see a peak around 90GeV, which comes from Z with FSR Z*.
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M E LA ~15% improvement

CMS uses MELA (Matrix element likelihood analysis) to get the final results.
The kinematics of this final state can be described by only 7 parameters.

-1
KD — tpsig ~ s pbkg(ml’ mz;fllmdlf}
Pﬁig + Phkg Pgig (m]r o, () |m4£’)

QO = {0%,®1,0,,0,, D}

Signal-like events has a large K, value.
6 categories based on (m,, Ky) are used.

CMS prefiminary _ I8 =7 TeV, L=5.115" [s =8 TeV.L =122 CMS preliminary  f5=7TeV,L=5.11" js=8TeV, L =122 "

xn Dg 1 x‘j > C:Ihﬂlslplrililrnlinarj'rl I"?I=|?ITIB\IJ{IL|=I EI-? 'I'h|-llt:'EI=IB|-IreIVIIE_TI1I2‘I2I?;I
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' 0.8 82 40 . 1
0.7 P [zz.zy f
' § 6 B z+x i
0.6 0.6 CLE I [Jm.=126 Gev |
0.5 E
4 ' Fa
0.4 04 0.4 ]
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0.2 0.2 0.2 :
0.1 .
- o
0 120 130 140 150 160 170 180 07920 130 140 150 160 170 180 110 120 130 140 150 160 170 180

m,, (GeV) m,, (GeV) m,, (GeV)
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H->ZZ* >4|

CMS preliminary  fs = TT&‘-."L 51fb i5= ST&‘-."'L 12217

S qol ——Ep201 -.'E:?Tev-ILdt:clafb-‘—; 7 10 3
t —— Obs Combination - ) : 3 Q. = 1.
f -~ Exp Combination 5= Tev-|Ldt =13.0 o] T 1070 V ]
15 = —\ )\ E 8 -
\ ] 7 s o F i
10_15 \' i _—\\\/é \k'f//—; To 1[]'3;_ — observed , E
- 1!3} :‘II ? 2 4:_ -- Expected r-'r ) _:
0% Y P i N
Tl o330 10°E ! H
e :
10| .'g"-."; o 5 10°F E
: At 40 : J50
105||||||I||||I|||||II|IIII|IIII|IIII' 10-?II|IIII|IIII|IIII|IIII|IIII|'IIII|IIII
110 120 130 140 150 160 170 180 10120 130 140150 160 170 180
my [GeV] m,, [GeV]
Data (7TeV+8TeV) [4.6 + 13.0 5.1 +12.2
Local p, 2.1 x10> (4.16) |~7 x 10> (4.50)
@123.5GeV @125.9GeV
Signal strength (n) | 1.3+0.5-0.4 0.80+0.35-0.28
C ’ 13 Feb, 2 @123.5GeV @126GeV




Mass with H->yy and 2Z2*->4l

CMS Preliminary {s=7TeV,L<51fb' ys=8TeV,L< 122"
1 ] 1 1 1 1 1 T T 1 T T T T T T T T T

3.0 —
—_ 45_ T T T T T T T T T T T T T T T T T T T ] % - | [ [ + c bi d
2 b ATLAS Preliminary 2011 +2012Data | & [HovreHosz e
=2 E \s=7TeV:[Ldt=46-48f"  — combined 1 © 251 .
~ ] —ZZ
® 3.5F Vs=8TeV:|Ldt=13.01" —Hoyy = i
= - —H-22" 54 . i 1
[ 3 e e . = 2.0f- .
g) ~ “ . B i
5 25F ‘ E i :
@ - 3 1.5 o
2? € i ]
1'5;_ + Best fit _; 1.0[ 7]
1; — 68% CL E - ]
F ---95% CL . 051 N
0.5;— —; i ]
0: T T S N N ST VS S - 0 O_ Lol b b b b o]
120 122 124 126 128 ’ 124 125 126 127 128
my [GeV] my (GeV)
H->yy 126.6+-0.3+-0.7 | 125 (no official value)

H->ZZ*->4| | 123.5+-0.9+-0.3 | 126.2+-0.6+-0.2
Combined 125.2+4+-0.3+-0.6 | 125.8+-0.4+-0.4

~3c difference (tension) between 2 channels is observed in ATLAS.
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H->WW*->Ivlv

| = electron or muon

c

]
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H->WW*->Ivlv

O<-Q->O

=== Spin0 € ==

[1] cannot reconstruct Higgs mass
due to 2 neutrinos

[2] "Ad(I)->small” due to spin O
-> low dilepton inv. mass (m,)

[My, = 125 GeV |
CMS preliminary L =

121 o1 (8TeV) I

T B L1
%0 100 120 140 160 180 200 220 240 260 280

M; (GeV)
’ 13 Feb, 2013
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Event topology

— 2 isolated leptons (ATLAS 25/15GeV,
CMS 20/10GeV) + MET (~25GeV)

Jets are used for categories.

— ATLAS p>25GeV, |eta|<4.5 -> 0/1

— CMS p;>30GeV, |eta|<4.7 -> 0/1/2
CMS use both m; and m, but ATLAS use
only my for the final discriminant
variables.

HPNP2013@Toyama in Japan



21

H->WW*->Ivlv

':MDUD;_ATLAS Preliminary gy Zomorr =

Oé -Q- 9@ Wio000F Vs=8Tev, Ldt=130f" [d& [singeTr 7

C I B Z#iets [] WHsts .

L H—=WW —>E~.-'u~.rf|.ue~.r CJHn2scey] -

8000 -

[1] cannot reconstruct Higgs mass 6000% E
due to 2 neutrinos 4000 E
[2] "A¢(ll)->small” due to spin O 2000 . 3
-> low dilepton inv. mass (m,) E—— e SN EDENTE
0 2 4 5 8 10

[M,= 125 Gev ]
CMS preliminary L=12.1 fiy! (8TeV)

CMS preliminary L=12.1 ! (8TeV)

use

T B L1
%0 100 120 140 160 180 200 220 240 260 280

%0 100 120 140 160 180 200 220 240 260 280
My (GeV) M, (GeV)
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ATLAS ey, Ojet

m; distribution

} __I T T T T I T T T T I T T T I T T T T | T T T I__ o
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40E E
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g T
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H—Ww " evuviuvey (1 jet)

100
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CMS ep, O]et (cut—based)

160
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I WHjets
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data/MC
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CMS eu, 1Jet (cut based)

C I
90 ;_-- data — my=125 GeV CMS Preliminary
C Il H125 [ WHjets (5=8TeV,L=1211fb"
80 mw Top
-y Ww
70 | 22 stat@syst.
60
50
40
30
20
. m
0
ki) T 3
2 E
5 *%\ ‘(’ =
1 BN \&é\\m\\\ SN \\\\_*x¥#
! ; Py m \
0 3
0 50 100 'I50 200 250
II- 2
mr7 [GeVic?]

Broad excess can be found in all the distributions.
(no good mass resolution ~ 20%)

HPNP2013@Toyama in Japan



CMS ep 0/1 jet categories use 2D(my, m,) to get the final results. -> ~50% improvemetit
Data minus estimated BG (top) and data with estimated Signal+BG (bottom)

[Ojnent] CMS preliminary L = 12.1 fo' (8TeV/) [1-jet] cms preliminary L = 12.1 5" (8TeV)
5 =100
S 90 I25 3
= 5
20
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60 15 + 117+ 110 "
50 10 s
40 2.7
5 + 105 |°

NE K *'

90 100 110 120 130 140 150 160
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100 10 120 130 140 150 160
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A * 100
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o e b
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%1 % so|
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5 10 15 013@Toyama 5 10 15
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H->WW*->Ivlv

o 25

(@] I~ CMS Preliminary — =e--- Expected 7

8 EFT T T T T T T T % | L=49f"(7TeV) s L=12.115'(8TeV) —e— Observed ]
E '“]4 ATLAS {E}re"mmaw O L HoWW—2l2v 0r/24et Injection m =125 GeV
6 10" EHWW' '—evuv/uvev (0/1 jets) = 20 Injection + 1o (stat) |
“ i (| ]

10° b = ) e — 42 Bl c o

5 Vs =8 TeV: [Ldt =13 fy _g) - I:I Injection + 2o (stat) -

10°E _ope. M=o o L i
10 __Exp. ITIH='|25 GeY [C+2a 15 |

1 s e e -ttt D(‘:T : :

107 o - i
'I{]'E -------------------------- 20 10__ __
‘I{]'a' e T4 i ]
10 B 7

Y et - 1) = .

10° = ~
O - 5: ------ ]
07, | -0 - g
100 120 140 160 180 ol ., 4
my, [GeV] 100 200 300 400 500 600

m, [GeV]

Data (7TeV+8TeV) |-+ 13.0 49 + 12.1
Z from Local p, 2.66@125GeV 3.16@125GeV

(expected 1.90) (expected 4.10)
Signal strength (n) | 1.5+-0.6@125GeV | 0.74+-0.25@125GeV
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H->bb
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Two production processes %ﬁ/‘%ﬁ%
with 3 final states

— WH->Ivbb ... 1lepton

— ZH->lIbb ... 2lepton

— ZH->vvbb ... Olepton
B-tagging

— Combining several

information (track impact

info, secondary vtx etc)
Typical performance (b/c/l-jet)
- 70%, 20%, 0.7% (ATLAS)
- 72%, 23%, 3% (CMS)
pT(V) is used for further categorization to improve S/B.
— ATLAS : 5 categories (1/2 lepton) and 3 categories (0 lepton)
— CMS : 2 categories (only higher pT categories comparing to ATLAS)

CMS uses MVA for two parts:
— Improve mass(bb) resoluion -> 15% in o(m,,) -> 10-20% on the sensitivity

— Use a MVA output for the final discriminant variable. -> ~20% on the sensitivity

’ 13 Feb, 2013
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ATLAS VH, H->bb
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1
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Events/20 GeV

m,, of Highest pT(V) category
Z+heavy flavor is dominant BG in
2 and 0 lepton categories (ZH).

W+heavy flavor is dominant BG in
1 lepton category (WH).

We still need more data to confirm
bb excess.
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CMS VH, H->bb
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- Z+heavy flavor (yellow) for ZH analysis 2007 Ew 3
- W+heavy flavor (green) for WH analysis e <k P =
100?— —f
e m,, with cut-based analysis for x-check. sofF | e % =
— Small excess can be seen around 120GeV. ok
(mass resolution ~ 10%) %.E‘ "
(i} 'I: o
ags
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VV observation

:}, — T T II II I T T T T T T T T I T T T | D L1 1 I I 1 I I I | I I I I 1 I I I | I I 1 I |_
§ 400 ATLAS Preliminary Wwz.zz § © . CMS Preliminary * o= 1
= B J-Lﬂ'f—fﬂﬂfﬁ 15=8TeV .WH‘|25G V ] — | fs=T7TeV,L= 5.0 fb™ I VH(125 GeV) |
@ smu_—Jmer _ 3 2 L s=sTevL=121f"' TIW ]
= - = (5=7TeV 7H 125GeV S i VH: H— bb 222 MC uncert. (stat.) |
g 01,2 lepton ] > A0 Pp— VH: H— —
W 200 o Data-Bkgd | W . _
100 + % 40[- -
i | Hf L } -
-100 3 - | Rl _ :
L | | | . . i

50 100 15(1 2(][} 25[1 » T 1 E
L ; T
rnDB[ © ] _20_ oo e o b by By |_

0 100 200

M,; [GeV]

Observed VV excess with the same methods used in the H->bb search.
-> BG estimation works well.
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H->bb results

% E‘_ | T T T T | T T T T | T T T T | T T T T | ] E E L T l::|r'1s| P| II' T T T T T T T T T T T T T T T T T T T
2 ~  ATLAS Preliminary (s=7TeV, J Ldt-47f" 4 © L 5=7 -:-:,mlln:?fb-i —e— CLg Observed .
=] L Ob d (CLs) 1 ® - 2 o 4 --e- CLgH125injected
C 5[ —e— Observe ) s aTev J di—130f’' ] 5 BF V(5=8TeV.L=121fb --e- CL_Expected —
E I Expected (CLs) = : - 1 & [ VH(bb), combined m CLg Expected+ 10 ]
,E - =t VH(bb), combined . E ) B CLg Expected+20 -
= 4T =2 E o
- - - 10 L
O - 12 .F
= 3 -
— — (] |
o 12
o B 1 E
=
2F 42 2
n 1 <
B 4 o
N 1 @ 1 ]
: : 4__ L L L L I L L L L I L L L L | L L L L | L L L L N
D_ | | | | | | | | | | I | | | | I | | | | I B 110 1‘15 -120 -125 ‘ISD 135
110 115 120 125 130 m,, [GeV]
my, [GeV]

Data (7TeV+8TeV)

4.7 + 13.0

50+ 12.1

95% CL limit

1.8@125GeV
(expected 1.9)

2.5@125GeV
(expected 1.2)

Signal strength ()

-0.4+-0.11@125GeV

1.3+0.7-0.6@125GeV
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H->11
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e 3 final states ATLAS

— I, Ih-and hh " EXPERIMENT

Run Number: 209381 EvcrlN mber: 72873013
Date: 2012-08-28 04:17:16 CEST

e (Categories based on
event topology (lI/Ih/hh)
— ATLAS 10 (4/4/2)
categories jet
— CMS 8 (3/3/2)
categories
-> Focus on “VBF-tag”
because S/B is better by
requiring two jets.

Typical cut for VBF tag (ATLAS/CMS) ATLAS introduces “boosted” category.
- My > 350-500GeV - pT(h=11)>100GeV etc

- An;; > 2.6-3.5 VH process is enhanced but a gluon-
Purity of VBF process in VBF-tag fusion process is still dominant.

- ~70-80% (ATLAS) ggF:VBF:VH = ~4:~1:~0.5-1
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Z->1t BG and mass calculation

o Z->11 (+jets) process is irreducible
BG.

e Use data to estimate Z->1t BG shape.

— No (or small) systematic uncertainties
on jets, UE, pile-up etc.
[Method]

— Take Z->pupu candidates from data
and replace p with simulated tau.
(“"embedded” method)

e Mass calculation

— A “collinear mass approximation” has
been used but now we are using
more sophisticated method to get tt-

mass.
e ATLAS ... MMC
e CMS ... SVFit

-> Take into account neutrino
direction. Ineff of the calculation is
almost 0.

(‘ ’ 13 Feb, 2013

Arbitrary Units

016 = er, +ut,,Preselection]
0.14F —4— Z—1t Embedded
N . Z—1tAlpgen MC
0120 ‘“i :+— 1t Alpg E
- . 7/ Emb. syst. i
0.1 o JLdt:m.be" —
0.08:— é (s=8TeV E
- ’ ATLAS Preliminary 7
0.6 4 4 E
0.04F . -
- ® 7
0.02 ® —
- o ’
- 8 ® N
Dm R R |M
50 100 150 200 250
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Events / 20 GeV
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bkg. uncertainty
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22—_‘"'|""|""|'"'|""_|""_—
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4
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C —e— observed ]
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. bkg. uncertainty 3
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Hadron-hadron
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H->1:17 result

CMS Pre.lllmlnary,nr H—)T'l: L= 1'."'1‘!::1

= ST 7 = 5.0 — I
[ C H— ATLAS F'rellmlnary N & F e observed
© 7 —e-ObservedCL, [Ldt=46f'/s=7Tev 4 5 45F expected
S [ --- Expected CL, | Ldt= 13.0fb",n'§:8Tev; S 4 oF EI + 16 expected
= b [J+2¢ o «  F [+ 20 expected
£ [ M:w 1 E 3.5
3 3 330 ]
5 4 1 B2 :
3F = 2.0¢
2 1
: E 0.5F
| AN AR AV SRS ARV i 005. T T BT B
100 110 120 130 140 150 110 120 130 140
m,, [GeV] m, [GeV]
Data (7TeV+8TeV) | 4.6 + 13.0 49 + 12.1
95% CL limit 1.9@125GeV 1.63@125GeV
(expected 1.2) (expected 1.00)
1 Signal strength (u) | 0.7+-0.7@125GeV 0.7+-0.5@125GeV




Combination

c

]
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A probability that background-only experiment is more signal-like than that observed.

a”10°
10°

10
107
107
10°
107
10
10"
10-13

CMS Preliminary ys = ?Te‘-.f L<51fb '¢s aTeV Lc122fb
1 1

o N Q@ 1
— Gombined gbserved  ATLAS Preliminary S 10"
.y T"bégrer:rzg \s = 7TeV, |Ldt = 4.6-4.8 fi T E y \—
—Bbobserved - (s=8TeV,[Ldt= 131 : C_QU-1 » : \ NG / _‘345
20 8 — Ttal 56
e S U §
4c 109 ““ :BG
50 i \/ ]
_ 70
60 10'13 :— = Combined obs. |*, —:
|| === Exp. for SM H % -
VL —| H— bb “..‘ —8c
T B B B —|——H—1r . -
115 120 125 130 135 A7~ Howy . N
my [GeV] | —H—WwW . -
T H|_>ZZ | | | b b | =
110 115 120 125 130 135 140 145
L my (GeV
Observed significance = - bination | Expected @) o: ( d())
. ECEI}? mode Oor Combpinarion XPEC e o serve o
ATLAS : 7.0c (125GeV) 7= 50 11
CMS : 6.95 (125.8GeV) "y CMS results 2.8 4.0
WW 4.3 3.0
bb 2.2 1.8
TT 2.1 1.8
C 13 Feb, 2013 HPNP201:_ YT +ZZ 5.7 5.8
< Yy +ZZ+WW + 17 + bb 7.8 6.9
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Signal strength ()

The compatibility of the observed excess with the expected signal(=SM Higgs)
-> u is a signal strength in units of SM Higgs cross section(x BR).

CMS Preliminary ys=7TeV,L<5.1fb' Yys=8TeV,L< 122"
1 T ] I T 1 ] ] 1 L L T L] 1 1 L L

- 3 E 1 .8 | | T | ™1 1 | T 1 11 | T 1 |
= T T l T T T T T T T T T l T T T T I T T T T I T m : :
S f -~ Combined ATLAS Preliminary .__g 1.6F 68% CL band |
0] - n .
£ —~ Combined wio MSS  1s =7TeV, |Ldt =4.6-48f"'] = 1.4f =
% °F Mt1o s =8TeV, [Ldt = 13 b + 1oF E
c ()] S _
o2 15 ) - ]
) o 1.0F

1 0.8fF

lIII[ITIllIITI IIIl|IITI[IlIIlTITIIIIITlTIII

05 0.6}
0 0.4f
0.5 0.2}
-1 -0.0F .
b -0.2F —
' M5 120 125 130 135 I T T T TR T
MylGeVl 0907915 120 125 130 135 140 145
my (GeV)

Signal strength ()
ATLAS : 1.35+-0.24 (125GeV)
CMS : 0.88+-0.21 (125.8GeV)

Measured mass
ATLAS : 125.2+-0.3+-0.6 GeV
CMS : 125.8+-0.4+-0.4 GeV

c

]
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p-value for each decay mode

ATLAS F’rellmmary .m*‘ 125 eV
W.Z H — bb
VE=7TeV: Lot =47t — i
YE=8TaV: |Ldt= 131" :
H— 1
VE=7TeV: |Ldt= 46" -
V5= & TaV: ILcIlr=‘13"D" ;
H— WW = Wiy |
Vs=8TaV: |Ldt= 13" i e
H— vy I
VE=7TeV: |Ldt =48 " i .
YE= & TaV: ILE[1=13 iy :
H— le =" EII |
e i ——
Combined u=1.35%024 |
(-7 ®V: |Ldt-4.6- 488" I+
f2=8TV: Ld- 135" !
I | | I I I |
-1 0 +1
Signal strength (u)
. ATLAS /U
Hiees Boson Decay
Y\ (mp=125GeV)
VH — Vbb —04+1.0
H— 1T 0.8 +£0.7
H— WWw® 1.5+0.6
H — vy 1.8 +04
H — 777%™ 1.0+£04
( ’ Combined
T

Is=7TeV,L<51fb" \s=8TeV,L<12.2fb"
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CMS Preliminary m,=125.8 GeV
H — bb [ |
H— 1t .
H— vy n
H—> WW ——
Ho Z7 | m—
1 I 1 [ I 1 [ [ ] I 1 I 1 1 I 1 [ 1 1 I 1 I 1 1
0 0.5 1 2 2.5
Best fit G/G
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u with different production

1 u for gluon fusion and ttH -> top-quark couplings
1 u for VBF and VH -> vector boson couplings

CMS Preliminary {s=7TeV.L<51f" {s=8TeV.L< 122"

T II"'-,IIl””"”"-."””"” nnnnnnnnnnnnnnnnnnnn
= - \ + Ho1t
+
= 8 B \ + H—WW
15' - \ H + H—=Z7
i . — H — bb
g o\ /D + H-oyy |
2 i \ | \ d 1t and bb can determine
a - \ VN 1 vector boson’s .
. 4+ Y Y Y, —
(@) - O\ o\ N\ ]
o) \ I
o \ \\ 1 No power on vector boson’s p
Z o2k o T ~  from ZZ since there is no
o [+ | \/ 1 special category for VBF and VH.
3 B \_.x I}l::.l + \ \-. _
O N \ | Sofar, all the results are
_I 111 | 1111 | 1111 | II 11 | 1111 | | IIIII"-I | | 1111 | 1111 | 111 I_ ConSiStent With SM prediCtion.

-1.0-0500 051015 2025 30 35
n of top-quark HggH+TtH
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Spin and Parity

ATLAS and CMS have started to check if the observed particle has 0+.

They use H->yy and H->ZZ->4l channels so far.
H->WW->Inln channel will be involved in for this measurement in future.

H->vy (ATLAS)

— cos(0) ... angle between a photon in the “Higgs” rest frame and a Higgs in the
lab frame with some modifications (so-called Collins-Soper frame) -> see ATLAS
note (ATLAS-CONF-2012-168).

— Events in 123.8<m(yy)<128.6 are used to see spin and parity.

H->ZZ->4| (ATLAS and CMS)
— 5angles (6%, ®,, ®, 6,, 6,) and 2 mass (m,,, m5,) are basically used.
e ATLAS BDT-based analysis for 0+ vs 0- ... (6%, ®,) are not used.
— ATLAS : 115-130GeV, CMS : 106-141GeV(?)

e JHU event generators are used to model “resonance” events in ATLAS/CMS.

-

]
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Spin and Parity (ATLAS H->'yy)

L =T T T
] C |;| I I ] o ,
= B'DU'_— J {} [SHJ ﬂt 123 8<m <128 6 —] g SDZ—JP U {Sl.lj pdf . Backgmund-subtracted data i __
;ﬁ E e Data E P E —gg, = 2, pdt Background uncertainty E
¢ S00- mm signal ER -
w - Background 1 - 5
L 7] C —— ]
. B -+ ]
300 ] 2003 Tf_‘——l_' —_
3 —— T
-] 0

E{mf— ‘
1GGJLUI:13fb'1,'-s:ETeU 20 B
EATLrAs Plrellmlqlary o W ATLAS Prf-}hmlnar},F JL dt = 13ﬂ:~ BTI eV :
0 01 02 03 04 05 {}B D? {}8 09 1 00102 03 04 05 06 07 08 09 1
|cos8”| lcose”|
S T o pons | ATLAS Prbiminary - 2% + graviton-like spin-2
§ 2500F —— o2 potest [Lat-13m= with minimal couplings
'g gooof— \'E:BTeV_:
§ 1500F : Observed p-value :
& 1o00r E p(2*,.) = 8.6% (1.4c) assuming 0+
- ] +) — o) i +
00k E p(0*) = 29% (0.55c) assuming 2%
3 ]

0 0+ is preferred.

5
=~
=
(=)
=
=
n
N
=
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e
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Spin and Parity (CMS H->ZZ->4l)

CMS prefiminary {s=7TeV,L=51f" {s=8TeV,L=122 fii’

e_llII|IIII|IIII|IIII|IIII|IIII|IIII|I|“|I|II-II|III_
B ® data ]
[ — 0", m =126 GeV ]
] — m =126 GeV ]
- [lzzzy ]
4‘_ B z+x ]
3b ¢
21 ’ =
0 010203040506070809 1

pseudo-MELA

ad
=
=
=]

]
o
=
=]

1500

Generated experiments

1000

500

CMS Preliminary

Wes=7TeV,L=51bMs=8TeVv,L= 122"

== CMS data

o=
S

e Data disfavor 0- hypothesis with CLs of 2.4%.
(under the assumption of SM Higgs)

e No value for 2+ (only distribution is available.)
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Neutral Higgs

CMS Preliminary, Vs = 7+8 TeV, L = 17 fb"

oL 5 | T T T I T T T I T 1 6 O
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e CMS provides a wider exclusion region in (m,, tanp) plan by adding 8TeV.

e A low mass region is being closed in all tanp range.

[ ] I 1 | I |
200 400
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Charged Higgs

Q 60 B T T 11 I L | T T 11 | L L L T T T
S [ ATLAS
- 500 Mh \s=7 TeV _
- Data 2011 det _46fo
40:_ — — = Median expected exclusion ,, _:
E Observed exclusion 95% CL fl;:" E
* Alow mass ;har?‘ed 30 ------ Observed +10 theory [ -
Higgs search with tv S ) i
and cb has been done. . Observed -1 theory i
-> No signal so far. = "
e Update results with |
8TeV data. _
L4 SearCh for high mass OI L1 1 % L[ 1 I L 1 1 % L[ T 1 I L 1 1 % I | 1 I:
changed Higgs needs 90 100 110 120 130 140 150 160
to be prioritized. m,. [GeV]

-

]
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SUSY search with Jets + MET

MSUGRA is almost gone -> “Our idea before the LHC start was too optimistic(?)".
We need to re-consider what SUSY can be found at the present LHC data (8TeV).

Squark-gluino-neutralino model, m(i?) =0GeV

;2800 | I T I | T I ]J | I-; T I | I T T | T | T | | T | | | | T | I | T ]
3 2600 = g ATLAS Preliminary ]
;‘ C ;f:'::". ]
g L ._:':.'" —
e 2400 — i J Ldt=5.8fb", {s=8 TeV Z
X — _
§ 2200 — 0-lepton combined -
9-)2000 f_ .‘::\\ " _ Observed limit (+1 Gigfr‘;) _f
- N - -~ Expected limit (+15,,.) =

1800 [— N —

. ! Observed limit (4.7 o™, 7 TeV)

1600 [— S N—— E
1400 & e
1200 | gluino~squark~1.5TeV —
1000 —
80 : 1 1 l 1 1 1 l 1 1 1 | 1 1 1 l 1 1 1 l 1 1 1 | 1 | 1 | | | 1 :

0
800 1000 1200 1400 1600 1800 2000 2200 2400
gluino mass [GeV]

c
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Stop search (Natural SUSY)

gluino mass” can be expected. ("Natural SUSY")

HOWEVER, from LHC results a "mild” hierarchy should exist, that is,

Higgs mass < stop mass < gluion mass
X ~3-4
In this scenario, stop (<500-600GeV) could be found in LHC.

X ~3-4

—~t ~t

"E”’f'1 production,t b+% Ay

W’azo

t production, t - b+y X — W() Status: December 2012

; LA L B B B B B | LN L N N L B B
8 500 _ATLAS Preliminary Ly =13 10" 15=8 TeV Ly =4.7 b \5=7 TeV )
et L m =M+ 5GeV OL ATLAS-CONF-2013-001 - -

S = | m = 106 GeV 2L [1208.4305), 1-2L [1209.2102 —
E | m =150 GeV 1L ATLAS-CONF-2012-166 ]
m il - - 10 GeV 2L ATLAS-CONF-2012-167 -
m.=Mwy+ 5 GeV 1L ATLAS-CONF-2012-166 1-2L [1209.2102) ]

| o

m 1 — 156 GeV limits e Observed limits (-10y,,,) === Expected limits
. .
mam . =150 GeV i

Xy -
mmm. =y - 10 GeV -
B m/+ =2 x MO -
& .

m,. = mJ+5GeV
L= 128 1o

100

. < 103.5 GeV

-1F'bl 1 \I 1 | |- I | l 111 1 l |-

400 500 600
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50

1, production, t,— ti:’

Tt production, t;— t 2?

Status: December 201

To avoid hierarchy problems, roughly speaking “Higgs mass ~ stop mass ~

2

III|IIII|IIII|IIII|IIII|IlIIIIIII|IIII|IIII|IIII
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Many searches has
been done for BSM
scenario.

— Resonances
Dilepon
Dijet
o tt
o VWV
o qy/ly
etc

— Enhancement (no
clear resonance)

e Dijet

e Mono-jet

e Multi-objects
e Dilepton

50

Other SM CMS results

Z'SSM I ' ' b’ = tW, (31, 21 + b-jet
Z' S8M tau tau P erate —
Z*, ttbar, hadronic, width=1.2% E 9, b’ degenerate, Vib=1
Z', dijet b" = tW, kijets
7', ttbar, lep+jet, width=12% — B = bZ (100%) 4ih
Z'SSM Il (fob=0.2) E ' T t2 (100%) Generation
@, dijet
G, ttbar, hadronic j ' = bW (100%), l+jets
G jetsMET k/M = 0.2 .
G vy koM = 0.1 —_— | t* = bW (100%6), 1
G, Z(NZiga), kM=0.1 =_l 2 3 4 &
w,l':_l_w | gluing, Stopped Gluino
" __":’; stop, HECP
] stop, Stopped Gluino
W'— WZ({leptonic)
WR' = th —_— | stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV/
fractional charge, g=2/3e
fractional charge, g=1/3e

multiple charge, g=2e

multiple charge, g=3e

neutraline, ctau=25cm, ECAL time

0 1
LQ1, B=05

LQ1, p=1.0 |
LG2, B=0.6

L2, p=1.0 |
LG3, (bbnunu) BriLQ — bvt) =1
LQ3, (btau) B=1.0
stop (btau)

0 1

Compositeness

0 1 2 3 4 b 6

WR, MNR=MWR/2

WEK p=10TeV

pTG, TG > 700 GeV

String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

38 Resonance (gg)

=8 Resonance (gg/bb), fbb=1

E6 diquarks (gq)

Axigluon/Coloron {(ggbar)

gluino, 3jet, APV

2 3 4 [

m

[=]
-
]
[++]
o
[+1]
m

q* (qg), dijet
q° ([@w)
q*(gZ)

q*, dijet pair

q°, boosted Z

e A=2TeV

p A=2TeV

2 3 4 B

iy

Contact

GIL A, Xanalysis, A+ LL/RR Interaction
G A, X analysis, A- LURR

etc

C.1., dimuon, destructve LLIM

G.1., dimuoen, constructive LLIM

No hint of these models
-> more data with higher energy
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2015 and later
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LHC schedule
Year [ ]

- LHC-shutdown to go to the design
- energy and nominal energy (13-14TeV)

2015 Vf=:11%;}4Te;V,l Results of 2015 will
2016 ~1X cm™s™, play important role
25-50 fb! per year-> ~100 fb™* for the future plans of
the high energy particle
LHC-shutdown, upgrade to go to the physics.
full design luminosity
2019 +Vs=13-14TeV,
~2 x 103* cms'l
2020 !
~100 fb! per year -> ~400 fb!
2021 -
- LHC-shutdown for the high luminosity HL-LHC

2023 +Vs=13-14TeV,

~5 x 1034 cm=s! (pileup~140)
-> take data until >3000 fb-!
2030

C ’ 13 Feb, 2013 HPNP2013@Toyama in Japan
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Higgs measurements

No way to measure I',, and absolute

. . =
couplings at LHC w/o making theory g T T
. o ATLAS Preliminary (Simulation) B 7
assumptions. & ) et
o | | 5 151 Jde:annnﬁ: B
ATLAS Preliminary (Simulation) c [ B i
i . Il (b 7
Vs =14 TeV: |Ldi=300 " ; |Ldt=3000 b’ z [ s i
JLdt: 300 " extrapolated from 7+8 TeV 10 —
r, /Ty G 7
r,/T, sk -
r,/T, I ]
G_:_— NS T T T S S S
0 100 200 300
r, /Ty m,_ [GeV]
/17 « Double higgs can be observed with
r, /T, _ bbyy channel with ~3c.
Ratios
r,/T, of partial widths sample oxBR (fb)
ol / T, Smo‘?e' |n!de|:pendent) HH — bbyy (Agpp = 1) | 0.09
b L HH — bbyy (Aggr = 0) | 0.19
0 0z 04 06 08 HH — bbyy (lyun = 2) | 0.04
C ALY A% HeNp2013@ToyamainJapan (3, trilinear self-coupling)
- /Ty, Ky /Ky, HHH
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BSM direct search

EWKino ‘ e 20-30% improvement on
o | | the mass reach of many

Stops/sbottoms |~ B HE-LHC33 BSM models by HL-LHC.

®HL-LHC14
Squarks/gluinos LHC14
o 1 ., . " (HE-LHC=LHC with Vs=33TeV)
3 4
5
Mass Reach, TeV 6
Squark-gluinogrid, m __=0. Vs=14TeV
F 4':”:”:'__' L II T I‘ ! ;JI:IIE-]'I'I}"IGSG:':HETI}"EIEHI&- E%l 1[]0[]5' L B | |. T |.| T |.| LI L L B B T T 17T T T T |E
8 L | . 300 T @scovery reach 1] b () 900F ATLAS Preliminary (Simulation) \s=14 TeV =
._.Iunl - '-I : H NN 3000 Y exclesion 95% CL _ 1{]_2 -—D- ) E — 3000 " discovery reach E
é SSDD__ L 1L"..___. JDETI:-"Exnu.aungsm-;:___ E EIH 800 wum 3000 7" exciusion 95% C.L. -t1_j t+,r‘ [m >>my). 1-epton () + jets —
B [ 1 4 ?'[][]E =— 300 " discovery reach -t — b [m{ my: = 20 GeV): 2-epton jeu) J
3000 R % - I 1 D_S E_ L "“'f.:':";_- = M| WE=T TeW, &7 _E
- ) 1 3 600F- - T =
- - Svan, 1 ] = "Tun"““"““ h""a =
2500 teeed 2 10° R S 2 S 3 -
- = 400 > 5 E
2000F 2 < 10® 23006 . s E
E ATLAS Preliminary (simulation) E E 200 = "'._ E_ _5
C [T T TN Y T N TN T TN (NN (N TN (NN N NN (NN NN MO NN BN | ] __ -G !:,', -: §
1500000 2500 3000 3500 4000 'O 100 ot 3
m_\__ Ge. 1 I 11 1 1 I 11 11 I 11 IIIII I 11 1 1 I 1 L1 1 I:‘i : 11 1 I_
( L5 ren, 2uLs al ,:‘E,wmw 07400 500 600 700 800 900 1000 1100 1200

H--, m; [GeV]



Summary

e LHC has finished the first run period with a great success.

e One of LHC physics goals, that is, “"Higgs” discovery was achieved in 2012.
— A new boson exists at ~126GeV.
— A phase shift in the Higgs physics : “search” -> “measurements”
e Couplings, spin/CP and mass

e Need more data for the precise measurements in order to understand this
new boson, in particular by using “coupling properties”.

e No indication of BSM with 7/8TeV direct search
— Adopt “new” search strategies for the existing data (7/8TeV)
—  Wait for 13/14TeV collision, which will start from 2015.

e Results from 13/14TeV collision are very important to decide what we
should do for the particle physics in future.

— HL-LHC, HE-LHC, VHE-HC, (HE-)LC etc

-

]
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Backup materials
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proton - (anti)proton cross sections

Challengmg -

==

57

u candidate with 25 vix

1070 g |
- F
10 r
,:_ lfjh:!l: :
107
3 Tevatron
F .
10 3
10° E ; i W i O 7TevCMS measurement(stat@syst)é
. .:_ Ub _ 105 ;_ ;—o—_'—‘ Z ; E g8 TeV CMS measurement(stat@sysi
10 _F DP.. E ! ! — [ Te\ Theory prediction E
a E [ 5211 — ! —— 8 TeV Theory prediction m
10 Ty I - '
c |— i=1 ! —
! (E"' > s/20) S UET _g;_ i . =
2 et [ | 1 H i 7
10" F ] = 2 T -
E r w 103 = | =3j o | Wh | -
c 10 G ® = _ LA : =
- 3 w @ = >3 o ¢ 2 - ' | =
© [ o B >4J : —— Wz b
10° | _ z S 102k | T 4] 1—§—|WEV‘_ =
F o (E > 100 GeV) = - | | wz
! = - ’ : | —o— 2Z | ]
10 3 © 10k By > 30 GeV | Ef>15GeV | I .
2 a E <24 | AR >07 | /=3
10 !‘ o — 1 | [
3 = - : : D
s f o 1E ! isofb’1 491fb" 49fb’1iE
10 E’ y o, g : 36, 19 pb™' : 501" : ’ 35 1.1 b 53fb1i 3
o Iz | . .
10'4 e ng(E'r = "‘S"Ilq') 'y JHEP10{2011)132 CMS EWK-11-009 CMS-PAS-EWK-11-010 (WZ)
E JHEPD1{2012)010 CMS-PAS-SMP-12-005 (V.VW?),
10-5 : ggE(MH=120 Gevl CMS-PAS-SMP-12-011 (W/Z B TeV) 007(ZZ7), 013(WW8), 014{ZZ8), D15{WV)
E e
E / .
. 200 GeV BG process for new physics search
.F
 wiszo 500 GV are measured very well!
10_; el 10
0.1 1
|
\s (TeV)

( ’ 15 FeED, ZUl3
]
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Challenging

proton - (anti)proton cross sections §§

Z> u candidate with 25 vix

10 g
10° !- . | .
o fot : -
10 F Tevatron LHC
10° : oo 10° - ~1S
: = 18 =
10° 10° - 8 s = 8TeV 3¢
; a e 18 47
10° g 10" g 5 |8 3
3 o © WW — Fvag 3% 3
10° | 8 < WW = vy 15 2
102; (E*' > Vs/20) ¢ T i
—_ : I o ZZ-1Tqg o |
2 w0l o, 10 o 2 — 1 3
E . of 8 ZZ =TTV ] .
10° _ z 10° O I 1 =
F o _(E,” > 100 GeV) 8 < =L I
10" 19w — = = 1
] 2 3 1 =
10° k 10" 5 B W 1 3
] 5 10°E ZH— 116D\ N\ yy 4]
10° o, 10 s l=e,n \ i 3
F et N vV =V_V, V. o 1
10° k Ou(Er > VSM) 10° - q= u%lsil:b NP e ]
Fo M =120 GeV A 1 ] ] ] 1 4 1 TR T |
10° om0 10° 27100 150 200 250
: 200 GeV ’
0% F 500 GoV 10 x-sec*BR ~ 1011 x 5(QCD)
: \w'z e
R ' ~ 105 X (W/2)
Vs (TeV) Challenging to reduce BG and/or

( ’ L3 rep, 2UL3 nrnrui3@Toyama to separate signal from BG.
]
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ATLAS Pre“mmary v Theory (approx. NNLO)
for m, = 172.5 GeV
Data 2011, Vs =7 TeV —— stat. uncertainty
— total uncertainty
Channel & Lumi. G; (stat) 2(syst) (lumi)
Single lepton  0.70 o’ — 179+ 4+ 9+ 7pb
Dilepton 0.70 ™" ——— 173+ 6 “11 TS pb
All hadronic 167 £18 78 £ 6 pb
1.02 o™
Combination - 177+ 3 0+ 7pb
Single lepton, b — Xuv =~ —a— 165+ 2+ 17+ 3 pb
4.66 b
Toag *+ jEtS 167" 194 + 18 + 46 pb
1h3d+lepton2.05fb'1 _—_——— 186 £13+20% 7pb Crrrryrrrrprr1r 1|1t 1t 1t 1T [T 1T T T[T T 1T T [T T 11 T 1]
Al hadronic 168 +12 *®+ 6pb ~ ---NLO QCD (pp) 4 Single Lepton (8 TeV) 241+ 32 pb B
471 | | | | B ¥ Single Lepton (7 TeV) 179+ 12 pb B
— B Approx. NNLO gleLep =1ep
50 100 150 200 250 300 350 PP °P) ; Ditepton 173 * pb
o, [pb] “NLOQCD(PP) & All-hadronic 167 + 81 pb

102 | —Approx. NNLO (pp) ® Combined 177 '} pb .
— W CDF -
B + D0 7]
: 250 :
10 — 200 -
_ 150 ]
i - : |
'1 | ] Il Il Il | Il ] Il Il | Il Il ] Il | Il Il
1 2 3 4 5 6 7 8

(; ’ 13 Feb, 2013 S [TeV]




ATLAS m,, summary - July 2012,

L =35pb™'-4.7 fb™ (*Preliminary)

ATLAS 2010, I+jets* ——®
COMNF-2011-033, L =35 pb’

ATLAS 2011, |+jets
Eur. Phys. J. C72(2012) 2046, L =1.04fb"

ATLAS 2011, all jets™

COMNF-2012-030, L =205 b

ATLAS 2011, dilepton*

169.3£4.0+4.9

174506 £23

o— 1749+ 2.1+ 3.8

) ——@—— 1752+1.6+ 3.0
COMNF-2012-082, L.m =4.7fb
+ (stat.) + (syst.)
Tevatron Average July 2011
173.2+ 06+ 0.8 "
ATLAS Preliminary
| | | | |
150 160 170 180 190

13 Feb, 2013

Migp [GeV]

HPNP2013@Toyama in Japan
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ATLAS Preliminary Vs= 7 TeV

t-channel 1.04 b’ e—383") pb
arXiv:1205.3130

t-channel top 4.7 fb” —e— 53" pb
ATLAS-CONF-2012-056

t-channel antitop 4.7 fb™' —e— 30%7 pb
ATLAS-CONF-2012-056

Wt-channel 2.05 fb™! —#- 17"3 pb
arXiv:1205.5764

s-channel 0.70 fo! ——4 < 26 pb

ATLAS-CONF-2011-118

Theory (approx. NNLO)

0 20 40 o0 80 100120
single top cross section [pb]

c

]
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[V, = 125 GeV]
CMS preliminary L=12.1 ! (8TeV) CMS preliminary L=12.1 ! (8TeV)

I ;
@
e
=

M, (GeV)

g
6
4
2
0

0 100 120 140 160 180 200 220 240 260 280

100 120 140 160 180 200 220 240 260 280

M; (GeV) M; (GeV)
CMS preliminary L =12.1 ! (8TeV) CMS preliminary L= 12.1 il (BTeV)
> I14n > I1f-ﬂ
o o
= 160 120 = 1
—120

100

—{80

60

40

20

%D 100 120 140 160 180 200 220 240 260 280 0
M. (GeV) M; (GeV)
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Uncorverted [T 7T

central low Pqp

Uncorverted

central high P.'.
Uncomverted
rest low P,

Uncormvertad [—

rest hagh P_
Gomeerted
central low Py,
Comverted
central high F'r

Comverted

rest low P,
Comnverted
rest high Pr

Comverted
fransition

High mass di-jst

Low mass diet

/|

Lepion tagged

Combined

ATLAS H->yy

Vs

8 TeV

Category arplGeV) FWHM (GeV) Observed Ny Ng Ng/Ng
Unconv. central, low pr, 1.47 3.45 569 20 538 0.053
Unconv. central, high pry 1.37 3.22 25 4.2 25 0.168
Unconv. rest, low pr 1.59 3.75 2773 61 2610  0.023
Unconv. rest, high pry 1.52 3.59 148 8.7 138  0.063
Conv. central, low py 1.64 3.86 446 18 417 0.044
Conv. central, high pr, 1.49 3.51 18 2.8 17 0.163
Conv. rest, low py 1.83 4.32 2808 5 2763 0.019
Conv. rest, high pr, 1.7 4.00 144 7.4 138 0.033
Conv. transition 2.35 5.57 1872 25 1825 0.014
High Mass two-jet 1.55 3.65 47 6.8 33 0.204
Low Mass two-jet 1.46 3.45 62 42 45 (0.093
One-lepton 1.63 3.85 18 1.7 16 0.108
Inclusive 1.64 3.87 8802 223 B284  0.027

T LI T T T T T T 17T LI LI L T T E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII H

l | | ATLlﬂS Prelnminar;r ] o TE + Best it | [Ldt 48 b s - TTeV =

. | @ E—— 68%CL '

. Data 2012 <. B 5% CL ~ _[Ldt_ 13.0 fbis = STeV;

’ =g Tev | i 50X su o E

. det =13.01 = ]

. o 4E E

. SMH — vy : 35_ _5

» (mH =126.5 GeV) | 2F E

/ - i E

. - Df_ATLAS Preliminary _f

k- - 15_2011 -2012 E

s LT 1 T NTIINAVNTTTTOT:

0 1 2 3 4 > ® @Toya 1 05 0 05 1 15 2 25 3 BB?B 4

Signal strength (u1) Hograt = CSM
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CMS H->vyy

| Expected Signal and estimated bacl{gruund

SM Higgs boson expected signal (=125 GeV) Background
Event classes 85 pe = ot FWHM/2.35|| iy =8125 GeV
Total | ggH VBF VH ttH | (GeV) (GeV) (ev./GeV)
7 | Untagged 0 3.2 | 61% 17% 19% 3% 1.21 1.14 33 +04
§ Untagged 1 16.3 | 88% % 6% 1% 1.26 1.08 375 +£13
i | Untagged 2 21.5 | 91% % 4% - 1.59 1.32 748 1.9
E Untagged 3 328 | 91% % 4% - 2.47 2.07 193.6 +3.0
~ Dijet tag 29| 27% 73% 1% - 1.73 1.37 1.7 02
_ | Untagged 0 6.1 | 68% 12% 16% 4% 1.38 1.23 74 £06
© | Untagged 1 21.0 | 88% % 6% 1% 1.53 1.31 547 +1.5
| Untagged 2 30.2 | 92% % 3% - 1.94 1.55 1152 +23
> | Untagged 3 40.0 | 92% % 4% - 2.86 2.35 256.5 4+ 34
i Dijet tight 26| 23% 77% - - 2.06 1.57 1.3 =02
Dijet loose 3.0 53% 45% 2% - 1.95 1.48 37 404
— e
S
Q
Untagged 2
Uniaggedi_ o
Untagged 0 B
Dijet T e
l.htagged:i-_ :;.
Untagged2| @
- =
Untagged 1| N
o 1 1,0, 11013@Toyama in Japan

’ 13F€l-ht3999dﬂ I B
4 -2 0

2 4 %est Ij-alt G.“GLE,‘




ATLAS H->22Z->4|

e The number of remaining events in 120<m(41)<130GeV

s =8 TeV
Signal (my=125 GeV) ZZ' Z +jets, tf Observed
4u 3.1 £04 1.55 £ 0.07 0.31 £ 0.09 6
2ue 1.4 £ 0.2 0.56 £ 0.04 0.78 £ 0.16 I
2eu 1.9 £ 0.3 0.80 £ 0.04 0.26 = 0.07 3
4e 1.5+ 0.2 0.77 £ 0.08 1.20 £ 0.19 +
total 7.9+ 1.1 3702 26 = 0.3 14
Vs =7 TeV
4u 0.88 £ 0.11 0.48 £ 0.02 0.05 £ 0.02 2
2ule 0.32 £ 0.05 0.14 £ 0.01 0.43 £ 0.09 I
2e2u 0.48 + 0.06 0.22 +£0.01 0.04 =+ 0.02 I
4e 0.28 + 0.04 0.17 £ 0.02 0.52 + 0.13 0
total 2.0 £0.3 1.0 £0.1 1.0 £ 0.2 4
vVs=8 TeVand s =7 TeV
4u 4.0 £ 0.5 2.03 +£0.09 0.36 £ 0.09 3
2ule 1.7 £ 0.2 0.70 £ 0.05 1.21 £ 0.18 2
2e2u 24 +0.3 1.02 £ 0.05 0.30 £ 0.07 +
4e 1.8 £ 0.3 0.94 +0.09 1.72 +£0.23 +
total 9.9+ 1.3 47 £03 3.6 £0.3 18

(‘ ’ 13 Feb, 2013 HPNP2013@Toyama in Japan
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CMS H->Z22Z->4l

The number of remaining events in 110<m(41)<160GeV

Channel de 4u 2e2u 4¢

ZZbackground | 47 £0.6 | 9.6 £1.0 | 125 £1.4 | 268 £1.8
Z+ X 34730 | 1613 5.612¢ 10.6733
All backgrounds | 8.0753 | 11.277% | 181735 | 37.37%%
mp = 125GeV | 24 =04 | 46 £0.5| 59 £0.7 | 129 £0.9
my = 126 GeV | 2.7 £0.4 | 51 £0.6 | 6.6 £0.8 | 144 +1.1
Observed 12 16 19 47

’ 13 Feb, 2013
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M(41), High mass region

CMS preliminary ¥s=TTeV, L=511f" ys=8TeV, L=12.2 "

CMEprallminary 'q';=_|"TE'I.I",|.=5.1fh-1\E=ETEV.L=1?.2fb-- a T T T T T T T |||||||||||||||||||||||||||||||||||||||||||||||
:. AL LI L L L L L B B - 10
Q» » ] ™ o == Ohserved
QO 401 « Data - S Do [ Expected
o - 3 T B _ - Expected + 16 | |
: 35 :—“ -z+}( _: & e Expected + 20 | .
S 30 Ozr.zz - T
= o . L
Yo2s; = 2
- . B
B ] =
20 = S
] +
7] =+
15 - T
| 1 N
101 - 107
: . 1 :
5: ] M AN PR TTITIT E N N A
. 100 200 300 400 500 1000
ot b 1 n"lH [GeV]
100 200 300 400 500 600 700 800 e s e e
m,, (GeV 2 .
u (GeV) £ 107 —-\ J“ ” v =
Q E l". ¥ ,"{ §2c|
Tror ] S
el ]
0 g — Observed ‘ E
o ---Expected
107 | _E
10° E
oo e
R |
(‘ ’ 13 Feb, 2013 HPNP2013@Toyama i 10]g5——r-ppmstassioital
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ATLAS H->WW->Inin

Cutflow evolution in the different signal regions

H+ O-jet Signal wWw WZ/ZZ/ Wy tt tW/ith/tgb Z/y" +jets W +jets Total Bkg. Obs.
Jet veto 110+1 300412 242 +8 387 +8 215+8 1575+20 3405 576228 | 5960
ﬁgﬁ”_k—j@sﬂ =mf2| 1081 2941 +12 232+8 361 +8 2068  12001+£21 3055 524628 | 5230
prec = 30 GeV 99+ 1 2442+ 11 1887 3307 193 £ 8 578 2223 343319 | 3630
mee < 30GeV | 78608  579+£5 69 +4 55+3 34+3 11+4 652 8149 047
Adegr < 1.8 75.6+0.8 555+5 68 +4 54+3 343 8+4 56x2 7749 917
H+ 1-jet Signal wWw WZZZ/ Wy tt tW/ith/tqb Z[y" +jets W +jets Total Bkg. Obs.
One jet 59.5+08 8505 158 £7 345124 1037+ 17 505+9 1555 615533 | 6264
b-jet veto 50407 T728+5 1285 862+13  283+10 420+8 126 =4 255520 | 2655
Z — rrveto 50107 TOBx5 122+5 82312  268+9 368+8 1224 241119 | 2511
me < 30GeV | 37706 130x2 39+£2 142 +5 554 99+3 30+2 4958 548
Ader < 1.8 349+06 118x2 35+£2 134 £5 52+4 22+72 24=+1 386+8 433
Source (0-jet) Signal (%) Bkg. (%)
Inclusive ggF signal ren./fact. scale 13
I-jet incl. ggF signal ren./fact. scale 10
Signal region yield for ey and pe channels separately PDF model (signal only) 8
QCD scale (acceptance) 4 -
(-1et e -iet ue l-iet e 1-1et ue Jet energy scale and resolution 4 2
Jet ekt L wte JoLH Wjets fake factor - 5
Total bkg. | 392<7 382+6 2026 1845 WW theoretical model 5
Signal 41.8+0.6 338+05 18904 160=+04 Source (1-jet) Signal (%)  Bkg. (%)
Observed 469 448 124 207 I-jet incl. ggF signal ren./fact. scale 26
2-jet incl. ggF signal ren./fact. scale 15
Parton shower/ U.E. model (signal only) 10 -
b-tagging efficiency - 11
PDF model (signal only) 7
QCD scale (acceptance) 4

’ 13 Feb, 2013
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Jet energy scale and resolution
Wjets fake factor
WW theoretical model

LFE R R S
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ATLAS H->WW->IniIn

-":_‘: 1D:IIII.‘IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII: _25 EI
<= oF- ATLAS Preliminary 3 %
g SE H—WW/ }—}ex-*uvfll,n-*ex-' 43 90 £
5 JE (s=8TeV: Ldt=13 " 3 ‘?‘
g Ef_ — -2 I AW ) = 2.3 _f —15
) E L N e ——— -2 In fp,m ) = 6.0 -

55_ —— H—WW" kv (2012) _E

4 —— Hs77 (2011+2012,4.8+5.9b ") — —10

3: o, = H—ZZ" Il (2011+2012,4.8+5.8fb 1)

2F ) 4 -5

1%"“'- e _i

:I L1l |~|h|‘|-|-h|‘|~| 1I|‘‘|'=|-‘|"':|'|"'|'|"'|"|"|'|"|-I"|"I-l-I-I"|'|:|:|lr'.|l':|:|=F'|-'|"| ] |: _U
IPIE] 115 120 125 130 135 140 145 150 155

my [GeV]
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CMS H->WW->InIn

e

]

’ 13 Feb, 2013
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H PP WZ+ 2727 : o)
m Ti W+ jet Wel*) 11 bkg. dat
Hl SWHW— | S WHIW— | 42/ = 00 P == T e o
(-jet category ey final state
120 | 340+£7.3 162 £16 53+05 8.6 £2.0 38+14 | 231488 | 237 £23 285
125 58 =12 20319 6.6 0.6 11.0£25 416 | 25.6+95 | 291+£27 349
| O-jet categnlr}r ee/ uu final state | | |
120 | 20.8+4.5 108 =10 43 14 39+11 | 245+£93 | 5.8L£25 191 £ 20 209
125 | 37.0£8.0 14013 29 £18 22+13 3011 6.7 £2.8 241 £ 25 266
| | | 1-jet categnr}r eu final state | | |
120 | 149+43 | 389+ 64 53+06 40330 | 191474 | 71+34 111+11 123
125 | 273+£8.0 | 479478 6.5 +07 405+33 | 224486 | 71+34 134 +13 160
| | 1-jet categr:-lr}r ee/ uu final state | |
120 | 65£19 19.24+3.2 11.5£3.0 20620 | 6126 | 2012 | 395+£5.6 77
125 | 11.8£34 | 248441 13.1 £3.5 26723 | 6528 | 2012 | 73.0£6.6 92
| 2-jet EEll'E'gIDI'}’ ey final state | |
120 | 1.7£0.2 0.8 £0.5 0.1+00 0.9=+0.3 0.3+£02 | 0.1+0.1 22106 2
125 | 28+04 0.9£0.5 0.1+0.0 1.5£0.5 0302 | 0.1%=0.1 2908 2
2-jet categr:-lr}r ee/ uu final state
120 | 1.0%=0.1 0.5£03 32+15 0.7 £0.2 0805 | 0.1£0.1 5.2 9
125 | 1.5£02 0.5£03 44+13 0.7 £0.2 0805 | 0.1£0.1 6.5E£15 11
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CMS H->WW->InIn

12 1
£
1
10
8
CMS Preliminary
{s=8TeV,L=12.1fb" 6
el 0+1 jet
4

| |-|-|-|'|'l_
110 120 130 140 150 160 170 180 190 200 0
m, (GeV)
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ATLAS H->bb

O-lepton, 2 jet | O-lepton, 3 jet 1-lepton 2-lepton

Bin ET™ [GeV] p; [GeV] p[GeV]
120-160{160-200|>200{120-160|160-200{=200{ 0-50{50-100{100-150{150-200|= 200(0-50{50-100{100-150]150-200(=>200
ZH 2.9 2.1 26 0.8 0.8 1.1 0.3 0.4 0.1 0.0, 0.0 4.7 6.8 4.0 1.5 14
WH 0.8 0.4, 04 0.2 0.2 0.2 10.6] 12.9 1.5 3.6 3.6/ 0.0 0.0 0.0 0.0, 0.0
Top 89 25 8 92 25| 10| 1440{ 2276 1120 147 43| 230 310 84 3 0
W + ¢ light 30 10 5 9 3 2| 580 585 200 36 171 0 0 0 0 0
W+b 35 13| 13 8 3 2 770, TI8 288 770 64| 0 0 0 0 0
Z + ¢ light 35 14| 14 8 5 8 17 17 4 1 0| 201 230 01 12| 15
Z+b 144 51| 43 41 221 le| 50 63 13 5 1{1010{ 1180 469 75| 51
Diboson 23 11 10 4 4 3| 53 59 23 13 7 37 39 16 6 4
Multijet 3 1 1 1 1 0 890 522 68 14 3l 12 3 0 0 0
Total Bkg. 361 127 98 164 63| 42| 3810{ 4310 1730 207| 138|1500{ 1770 665 a7y 72
+29] 11|12 + 13 + 8| 5150 +86 + 90 + 27 £ 14|£90] £ 110, =47 +£12{+12
Data 342 131 90 175 65| 32| 3821| 4301 1697 207 132|1485| 1773 657 100 69

(‘ ’ 13 Feb, 2013 HPNP2013@Toyama in Japan

]




CMS H->bb

E=T7TeV, L=50/m" e=BTeV.L=1211"

m 1 T T T T T T T T T T T T T T T T | T T T I—E
{—ﬁ i = CMS Preliminary m, = 125 GeV
> ail |
a 107k \ _— - E
] S sl — To
L@} 102 e T g
§ Z(IT")H(bb)
-3 — — | O
10 = CMS Preliminary 3
- {s=7TeV,L=5fb" a
4| (s=8TeV,L=121f" _ —
10 VH(bb), combined 3 Z(W)H(bb)
5 __ —&— Observed _:
10 ; - Expected from SM Higgs E
C 3 W(Iv)H(bb)
10'6 L 1 1 1 | 1 1 1 1 | 1 11 1 | 1 1 11 | 11 1 1 |
110 115 120 125 130 135 o L
m, [GeV] 4 2 0 2 4 6

Best fit GIGSM

Variable

prj: transverse momentum of each Higgs daughter

m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or ETis%)

CSV ax: value of CSV for the Higgs daughter with largest CSV value
CSVmin: value of CSV for the Higgs daughter with second largest C5V value
A¢(V,H): azimuthal angle between V (or %) and dijet

\A#(jj)|: difference in 5y between Higgs daughters

AR(jj): distance in 7—¢ between Higgs daughters

Njj: number of additional jets

(‘ ’ 13 Feb, 2! A¢(EXss jet): azimuthal angle between E** and the closest jet (only for Z(vv)H)
ABpun: color pull angle [35]
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H->11

E T T T T T B T . T T T T T T T T T T
) 5: ATLAS ﬁmllmlnaw ! ! —:r
0 C [ 4, ¥ bestfit .
o 4F J1L=4.Eﬂ:| AE=TTeV L pestfit (us0) -
XI C J L=13.01 " GF=58TeY — 95% Contour ]
= 3 - 68% Contour ]
% C e & SM prediction N
C e Iy Back d .
1} oL ;, \Ii}\ ackground only =
- ' P N my=125GeV 3
1 | + \\\ 7
L ™, -
n N .
] oo X \x -
n N\ X ]
E .
: M\“‘H ! :
2 T
- _ 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 __|'
-2 0 2 4 6 8

x B/B
Hogr SM

(‘ ’ 13 Feb, 2013 HPNP2013@Toyama in Japan

]




po-value (full mass range)

ATLAS July result

Q ATLAS 2011 - 2012
©
S 10‘11
e
10
10-3 ---------------------------------------------------------------------
10 \s=7TeV: |Ldt = 4.6-4.8 fb"
10°F ¢t
10°F |,
-7 B
10_8 v ---- Sig. Expected L e o0
10_9 \ — Observed .-+
“_’m R L 60
0 N L L L il , 1 , i1 P R
110 150 200 300 400 500
m, [GeV]

(‘ ’ 13 Feb, 2013
T

CMS latest result

75

CMS Praliminary {s=7TeV,L=5.11t" Vs=8TeV,L=122 1"

(1)} - - 1o
= 20
g 30
fll i dior
E 7
8 _—50
I
' 6o
1 :: T
1013 i . [— Combined obs.
— ! *# === Exp. for SM H —|
— H— bb 8o
L '-I . — —
-17 ' N — ey
1 U L :; : — H— WYY —]
' . — H—=ZZ
100 200 300 400 600 1000
m, (GeV)

HPNP2013@Toyama in Japan



! | ! ! | | |
ATLAS Preliminary : m, = 126 GeV

W,ZH — bb

Vs=7TeV: [Ldt= 4.7 b .
Vs =8TeV: |Ldt= 131"

H— 1t

Vs =7 TeV: |Ldt = 4.6 b o
\s =8 TeV: det 13fb‘ :

H— WW" = iy

Vs =8TeV: [Ldt= 130" - —

H— vy ;
\s=7TeV: |Ldt= 481’ P _e—
\s = 8 TeV: det 13107 '

H—>ZZ —>4I

Vs =7TeV: [Ldt = 4.6 fb” P
\s=8TeV: |Ldt=131b" :

Combined u=130+£0.23 ,
Ys=7TeV: [Ldt=a6-4.8M" ' —e—
{s=8Tev: [Ldt=131b" :

Signal strength (u)
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Spin and Parity with ATLAS H->vyy

&N 2FATLAS Preliminany 3
= g o g
S o :
E 0F =
£ s
] 1 ;_ ___________________ _;
e N B £
_3§ _______ —i
AF J[L _13fb Js=8Tevi 3
5 E_-."'""'E*F“EﬁtEHrJE--z-m—{ﬁ-M} _______ —E
~ --#-: expected, J’ = 2], ]
-6 ==t viyserved s

0 25 50 75 100
E‘E‘gg ( £ '3‘)
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Spin and Parity (ATLAS H->ZZ->4l) "

0" vs 0% 0 vs 2%
© [ 'w'Daa A7 ASPreliminary]  Sq4F * D@ ' ATLAS Preliminary
= L . ry| = 14 . ATLAS Preliminary;
2 10/ Il Background 72" . £ [ Il Background 22" . 1 . p_
W "L I Background Z+ets, ff Hozz"' ) w 12‘_-Backgroundz+iets,ﬂ HoZZ" 54 ] ReSL”tS W|th J MELA
i Signal (m, = 125 GeV) ] - Signal (m_=125GeV) ] (observed p'ValLle)
8- —r=0 (s=7 TeV:|Ldt=4.6 5" 10— F£=0 [5=7 TeV:|Ldt=4.6 " 1
Lo PO (=8 TeV:[Ldt = 13.0 b | A (s=8 TeV:JLdt = 13.0 " 1
o 1 = 1 p(0) = 0.28% (2.75)
o 2 p(0*) = 75% (-0.720)
4 -
] 2- lﬁﬁiu .
F ] : L p(2t) = 17% (0.975)
0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1 +\ — 0 -
JP-MELA Discriminant J-MELA Discriminant p(O ) = 53% ( 0'086)
$0.455 T | T T T T | T T T T | T T T T | T T T T | T E '§ 0l8§_' | T T T T | T T T T | T T T T | T T T T | I_E
£ 0.4F ATLAS {*I):’reliminary —Data - LEu - ATLAS {‘I):’reliminary —Data
LL e ) A r . . _
0.35 'I-_l_;TZfJ'Ldt_)jalsm" 5;9”3'1?;2“3?'5 E UITE E:ﬁj’mij}am" S:?:Ha—lggltzz?s ] p(Z) = 2.5% (206)
o is=T7Tewv =4. m = e 3 Eois= : =4. = E _
0.3F =8Tev |Ldt=130m" _ P =07 0'85 15 =8TeV: [Ldt= 13.0 i _ P =0 1 p(0+) = 56% ('0156)
- JP - MELA Mo ] 0.5F- JP - MELA " -
025_— P _ — o P _ At
- o JH - 3 C o JH - 2m ]
I ! E 0.4F v
0.2t 3 . .
0.155 K 1 0% is preferred.
0.1F 1 o0z =
0.05- 1 ok i .
D: L L3 = B P R R R T T N W . N 1 T T .
5 10 R 1) B S 5 10
— log(L(H J/L(H)) log(L(H_)/L(H))



ATLAS-CONF-2012-127

- ) aii - L
oXBR(ii > H - ff) = ——— “].L
[n 3
Ex) Kﬁ : K%
(c-BR)(gg > H—vy) = osm(gg — H)-BRsm(H — v7) | —
KH
\/
Production modes Detectable decay modes
7
O goH K5 (Kp. Ky, m I .
,éil _ % b Kt H) WW B K?'
a Kg M W
(OVBF 2
sM~ = KvBr(KW.KZ.mp) ['77¢ 5
T —
VBF SM = Kz
OWH _ K2 77 *)
sM W _ )
7WH L'p 9
TO7H ) rSM - 5
= K T
>SM zZ bb — => Yukawa
ZH -
_ TT 2
T{tH 7 SM = K
oM - K rt‘t* —
ttH -
Iyy { K%(K'b Kts Koo KW, 11 )
SM 2
rw Ky
Iz, K{ZZH(% Kt. Kr, KW, 1g)
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Kg VS Ky

ATLAS-CONF-2012-127

80

[ T T I T T T | T T T T T T ]
_ _ _ . - ATLAS Preliminary + SM .
KF = Kt=Kp =K na x Best fit =
- \s=7TeV, |Ldt = 4.8 fb —-21In Ak, ) <2.3 -
Ky = Kw = Kz oF Is = 8TeV, [Ldt = 5.8-5.9 ! -"_-_'2 InA(KV’KF)<6'O_:
2 o 2 - ey IS ]
5 Kw - OWF(mHu) + X7 - ozp(mu) e , 1
KvBr(KW, Kz, mp) = = Cor - d E
owr (my) + ozp (my) - T ]
07 —
ot 9 _bb _th - T .
K2 (Kb, Ke, my) = Ki " O (7H) X - Oygny (7H) T Kk - O (7111) - ' O .7 -
g\hby Rty TRHJ = tt bb th . . P ]
Tgori (M) + oy (mn) + oy (mu) : e - | | | :
84 06 08 1 12 14 16 1.8
& E ATLAS Profmmany LT < 5E ATLAS Preliminary o N
RS = reliminary 3 X 7 reliminary 3
—-2InA - —-2InA -
= T vs=7Tev =48t N 1 L F s-7RV[di-ast’ ) ]
N [ 1s=8TeV,[Ldt=5.85.91b" E o 65 \s-gTev, [Ldt=58591" =
s /—: s E
3f = 3 E
of- = of -
1 : 1
okt ! Ll ! \¢/|4_: oLl . . C L 1
> 45 1 05 0 05 1 15 2 0.6 0.8 1 1.2 1.4 1.6
Ke Ky
0
68% CL kr € [-1.0.-0.7]U|[0.7,1.3]
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Kg VS Ky

L 20 CMS Preliminary {s=7TeV,L<51fb' Vs=8TeV,L<12.2b" CMS Preliminary \s=7TeV,L<5.1fb" {s=8TeV,L<12.2 1"
- _l L I L I rrrrrr T | T I_ '.E]h‘ -E T T =
N ] 2t SM Higgs @ Fermiophobic ¢ Bkg. only
1.5 = 22 | ' i
- g N ] & [
_ —— ] c I
1.0 — {/ o N - -E ¥
- O ) . 5
B 0 n :: 1
0.5~ \\...__.-’{ E o |
- e . 2 H
0.0F 4§ [
E ----------- -, E ‘;:L U‘ ...........................................................................
-0.5[ SN -
: i @ ) | :
1.0 f\ //'.- - |
5 YN . Rl
1.5 0 e : — .
_2. :I ) I | I S | I I I | | | N I | I: -2-§ ! . !
0.0 0.5 1.0 1.5 2.0 5 o5 ; B
KV Kk, (scaling of vector boson couplings)
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e MSUGRAICMSSM : 0 lep + 5 + E,
MSUGRA/CMSSM : 1lep +j's +E, ...
Phenomodel :Olep +js+E; ...
Phenomodel :Olep +js+E; ...
Gluino med. % (G—q@% ) : 1lep+js+E
GMSB (I NLSP): 2 le sos; +is+E
GMSB (TNLSP): 1-2 7+ 0-1lep +]s +E_
GGM (bino NLSP) : yy + E_ s
GGM (wino NLSP) : 7 + lep + E
GGM (higgsino-bino NLSP) :y + b + E' "™

GGM (higgsino NLSP) : Z + jets + gl

T.mess

T.ress

T.ress

Inclusive searches

- ‘g—mbﬁ(wrtuam) Dlep+3b-Js+E
S g-tiy, (virtyall) : 2lep (S8) +js +E,,
2 —)ttx (vlrlualt) Jlep+s+E
3

T.ress
T.ress
g—)ﬂx \rlrtualt} [} lep + I‘T‘iUﬂI—J S+E; e
bb,b,=b7. : n lep + 2-b-jets +Erm5
bb_bi—:-txl 3lep +js+E; .
{light), t-;tgg 1/2'lep (+ b-jet) + E,
(medlum} t—)bx 1 Iep + b-jet + E
(meduum_j), t—sbx :2lep+E
l—)tx Iep +bjet+E
[ 1—)tx L 0142 lep (+ b-jets) + E,
if (natural GMSB) : Z(—I) + b-jet + E

B ~ 'L'L,'—ﬂ?g, 2Iep+Erm5
=3 —)Iv —)va 2lep+Ep L
g '*'Ox—:ﬁvll_l{vwlﬂhvl It.fv 3|ep+E

u s
t T.ress
T.ress
T.ress

Mess

=]

2 & StablegR-hadrons : Iow B, By (full detecmri
&= Stable t R-hadrons : low B, By (full detector)
53 GMSB : stable T

Qmass (tang > 20)
- 0
- 9mass {nir,)>50 Gev) J.Ldf =(2.1-13.0) fo”
g mass
g mass {m{_‘,{ ) > 220 Gav) Is=7,8TeV
1=581b", 8 TeV [ATLAS-CONF-2012-152| 690 GaV g Mass (miH) > 200 Ga)
L=10.5 16", & TeV [ATLAS-CONF-2012-147] gsGev| F = scale (mG)=10* fov)
L=12.81b", 8 TeV [ATLAS-CONF-2012-145] 124Tev J mass {m{z) < 200 GeV)
1=581b", & TeV [ATLAS-CONF-2012-105] 850 GaV g Mass (mig’) < 300 Gav)
L=15.01b", 8 TeV [ATLAS-CONF-2012-154] 860 GeV  § Mass (m(F,) < 300 Gev) 8 TeV results
1=581b", & TeV [ATLAS-CONF-2012-103] 100Tev G mass {m{x ) < 300 Gev) _
|L=128 1", 8 Tev [ATLAS-CONF 2012-145) 1145Tev § mass {m[;{ 1< 200 Gav)
1=12.81b", 8 TeV [ATLAS-COMNF-2012-165] 620 GeV. b mass i <120 Gev)
L=13.01b", 8 TeV [ATLAS-COMF-2012-151] 4568w b mass (mix = 2m[x i
* |L=a7 6" 7 Tev (1208.4305, 12082102967 Gev | mass imiE) = 55 Cev)
L=13.01b", 8 TeV [ATLAS-COMF-2012-166] 160350 Gev. t mass (miz) = 0Gev, mi) = 150 GaV)
L=13.01b", 8 TeV [ATLAS-COMF-2012-167] 160440 Gev L mass {m{',(‘J = 0Gev, il miz;) = 10 Gev)
L=13.01b", 8 TeV [ATLAS-COMF-2012-166] 230-560 GeV_ T mass {m[‘,(‘J =0
L=4.7 b7, 7 TeV [1208.1447 1208.2500,1209 4156 — tmass {mu 1=10)
B t mass {115<m{;{ 3< 230 Gav)
L=47fb”, 7 TeV [1203.2884] ESSEEEEW | mass {m[;( y=0)
L=4.7 1", 7 TeV [1208.2854] [ 110-340 GeV | x ma:-z:-;_t i) < 10 GeV. r.r.l{lvj —[r.r.l{_): )+ meg, )
L=13.01b™, 8 TeV [ATLAS-COMF-2012-154] mc-w %, mass i) = mii 3m{1 3_ 0, mil ) as above)
[£=13.010", 8 TeV [ATLAS-CONF-2012-154)  140-295 GaV x mass  {mig) =mii) m[x | = 0, sheptans decoupled)

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)

[ [T T TT1 [ | IlLu I T T 1 III| I T 1
1=58 10", & TeV [ATLAS-CONF-2012-108) 150Tev. g =g mass
L=581b", 8 TeV [ATLAS-CONF-2012-104] 124Tev. Q=g mass
L=581b", & TeV [ATLAS-CONF-2012-109] 148TeV g mass {mi@) = 2 Tev, Ilghtx 3 ATL_AS
L=581b", & TeV [ATLAS-COMF-2012-109] 1. mTw q mass {mi@) < 2 TV, Ilghtx y Preliminary

g mass {m{_‘,{ 1< 200 GaV, mix ) = —[m{_): mi@))
g mass' {tan < 15)

x mass (1= ;: 10 ns)
g mass
t mass
TmMass (5 <tanfi < 20)

gmass (0.310" <4, < 15107 1 mm <1< 1 m, 3 decoupled)

rall

LF\.r‘ pp—)v +X, V,—etu resonance V. mass (i, =010, 4,,,=0.05)
LFV : pp—ov +X, Vv —)E!{}L]I*I resonance v mass (i,,~0.10,4,,,,=0.05)
g: Blllnear F-!PV CMéSM Tlep+7js+E; . q g mass {67, 4 < 1 mm)
o x x 4.1 Wx x —eev, euv cdlep + Er s L=13.01b", 8 TeV [ATLAS-CONF-2012-153] 700 GaV x mass {m[;( > 300 Ga\.".l Jord,, >0
|L|L,| —3'|?C x —)ee,r\,r ej_w cdlep + E, . [t=18.010" 8 Tev [ATLAS-CONF-2012-153) a0Gev | mass_ {m{x )= 100 GaV, m{u—m{u—m{lj dypy 0Tk = 0)
............................................. '35 qqq - 3-jef resonance pair gmass
) ) Scalargluon 2-jel resonance pair |L=46 1", 7 Tev [1210.4826) PNGEESEETEE sgluon Mass (inc. limit from 1110.2693)
WIMP interaction (D5, Dirac y) {'monojet’ + E . |L=10510" 8 Tev [ATLAS.CONF-2012-447) 704 Gev  MM* Tsc::lle {m, < B0 Ge\. I|m|inf< 53? GeV for ITE:l
................................................................................................... . | [T : oo | | o | L
-1
10 1 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]

All limits guoted are observed minus 1o theoretical signal cross section uncertainty.

T~ B
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tT production Status: December 2012

S' N I Y Y I N Y L B L B I B
(1)) 500 _ATLAS Prellmlnary Ly=13f0"1s=8TeV L, =4.7fb"1s=7 TeV .
(2' | =@t 1L ATLAS-CONF-2012-166 0L [1208.1447], 1L [1208.2590], 2L [1209.4186] _|
Sod B nll fﬂ~o +5GeV OL ATLAS-CONF-2013-001 : i
E B = 106 GeV 2 2L [1208.4305], 1-2L [1209.2102] a
- m =150 GeV 1L ATLAS-CONF-2012-166 |

= mx =m; - 10 GeV 2L ATLAS-CONF-2012-167

400— =2 x Mo 1L ATLAS-CONF-2012-166 1-21 [1209.2102] ]
. — Observed limits = Observed limits (-10,,,,) === Expected limits _

300— - —

- 5 4 |
— O 7 ". \ —
L, {s m,.= m.+5GeV : \
N el > 1 % ) 1 |
Q407 7 L =12.8fb 2
An .‘..} / ~ ' -t
200 ! i '/‘ o

int

A : : . o '.:. ;.
100—"~-----+ i) L, =13fb" Y A

L, =47f"

200 300 400 500 600
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9-g production, g— tf'jg’?

> 8o | Cls 95% C.L.limits. ofuS” not included. ;
O, O-lepton, = 3b-ets  [L_=12817",8Tev] ~ " g’;";e"‘e‘;
Gos ATLAS-CONF-2012-145 —— Observe
£ 700 | 3-leptons,>4jets [L =13.0%"8Tev] ~ " Expected
ATLAS-CONF-2012-151 int = QObserved
O-lepton, = 6-9jets  [L_=5.81b", 8 TeV] Expected
600 | ATLAS-CONF-2012-103 int Observed

2-SS-leptons, = 4 jets [L._ =5.8 b, 8 TeV] Expected

ATLAS-CONF-2012-105 Observed E

500 — ]
400 [— —
300 —
200 E —
100 — o ]
~ ATLAS Preliminary i N

IC | L 111 | 1111 | 1111 | L 111 Ii' 1 11 | L 111 | 1111 | | 11 1

500 600 700 800 900 1000 1100 1200 1300
mﬁ[GeV]
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Large ED (ADD) : monojet + E; ...
Large ED (ADD) : monophoton + E; .
Large ED (ADD) : diphoton & dilepton, m.,
UED : diphoton + E, ...
§'/Z, ED : dilepton, m,
RS1 : diphoton & dilepton, m.,
RS1: ZZ resonance, my, .,
RS1: WW resonance, my
RSg —tt (BR=0.925): tt— l+jets,m
KK ; it hoosted
ADD BH (M, /M,=3) : SS dimuon, N, ot
ADD BH (M, /M =3) : leptons + jets, Lp
Quantum black hole : dijet, F {m),
qgll Cl : ee &, rﬁ“
uutt Cl - S5 dilepton + jets + E,
OO USOUOPRENNOOovorteBtosteto s sbustorssbol vt Z(SSM)mMW
Z' (S8M) :
W' (SSM) :m.,
W' {—tg, g =1) m,,
W'y (> tb, SEM):m

vl

Scalar LQ pair (#=1) : kin. vars. in eejj, evjj'

Scalar LQ pair (5=1) : kin. vars. in ppjj, pvij
Scalar LQ pair (B=1) : kin. vars. in 7], ™vjj

_________________________________________________________________ ! Y

" 4" generation : t't'— WbWhb
4" generation : BT, T..)— WHWt
New quark b’ : b'B™— Zb+X, m
Top partner : TT — tt + A A (dilepton, MT2
Wectorlike quark : CC,m,,
Vector-like quark : NC, m,

Excited quarks y-jet resonance, m

Excited quarks : dijet resonance, m,
Excited lepton : l-y resonance, m

Techni-hadrons (LSTC) : dilepton,m__,,
Techni-hadrons (LSTC) : WZ resonance {vlll},mr e
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W (LRSM, no mixing) : 2-lep + jets
H" (DY prod., BR{H™=ll)=1) : S5 ee (up), m

H™ (DY prod., BR{(H " —=en)=1): SS ep, m
Color octet sc:al?ar : dijet resonance, my

Excit.
ferm

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

[ I I T T T TTT T
Mg {B=2)

Mg (B=2)
M, (HLZ 5=3, NLO)
Compact. scale R
M ~ R
Graviton mass (k/My = 0.1)
Graviton mass (k/M, = 0.1)
Graviton mass (k/Mg = 0.1)

A (constructive int.)

1=4.7 b7, 7 TaW [1209.4445]

g, mass

M, (3=6)

My (5=6)
M (5=6)
A
A

§=59-6.1 ", 8 TeV [ATLAS-COMF-2012-129] 248 TeM 7' mass
L=4.7 b, 7 TeV [1210.6604] 14Te¥ Z' mass
L=4.7 b, 7 TeV [1209.4446) 255 TeV W' mass
L=4.7 b, 7 TeV [1209.6503) 430 Ge¥ W' mass

1.13TeV VW' mass
242Tev W mass
s60 Gev T gen. LQ mass
e85 6ev 2" gen. LQ mass

1=1.0 b, 7 TeW [1205.1016]

1=1.0 b, 7 TaW [1112.4625)
1=1.01b", 7 TeW [1203.3172]

L=4.7 6", 7 TeV [Praliminary] 538 Gev 3" gen. LQ mass

L=4.7 b7, 7 TeW [1210.5488) 656 Gev ' mass

L=4.7 b7, 7 TeW [ATLAS-COMF-2012-130] G670 GeV b’ {Tm} mass

L=2.01b", 7 TeV [1204.1265) 400 GeV . b' mass

L=4.7 fb”, 7 TeV [1209.4186] 483GeM T mass (miA ) < 100 GeV)

L=4.6fb", T TeV [ATLAS-CONF-2012-137]
L=4.6fb", T TeV [ATLAS-CONF-2012-137]

1.42Tev VLQ mass (charge -1/3, coupling x5 = vim)
1.08Tev VLQ mass (charge 2/3, coupling k5 = v/m)
q* mass

q* mass

I* mass (A = mil*))

pfea mass (mip fon)-ming) =M )

p_ mass (m(p_) = m(m,) + my, m(a )= 1.1m(p.))

N mass (m{W_) =2 TeV)

W mass (m{N) < 1.4 TeV)

H.* mass (limit at 388 GeV for uu)

H.* mass

Scalar resonance mas:
] ] L 1 1 111

ATLAS

Preliminary

der = (1.0 - 13.0) fo”
[s=7 8TeV

107 1 10

107

Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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2elec+2muon candidate with m,=124.3GeV
mlz(ee)=76.8GeV, m34(w)=45.7GeV

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST
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