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The ATLAS and CMS Experiments at LHC

 LHC at CERN started its
operation of the highest energy
pp collisions since 2010.
— 7TeVin 2010 - 2011
— 8TeVin 2012

forward calorimeters

Pixel detector
Toroid magnets LAr electromagnetic calorimeters
PY I lh A’ I ! I A S d ( :M S Muon chambers Solenoid magnet | Transition radiation tracker
e an Semiconductor fracker
detectors are general purpose CMS DETECTOR stemL RETuR YoKs
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRAC)
Overall diameter :15.0m Pixel (100x150 ym) ~:
Overalllength ~ :28.7m icrostrips (80x180

detectors for Higgs, SUSY,
Exotics searches and SM
physics.

*  We report today the status of
Higgs searches by ATLAS and
CMS.




LHC Run I Delivered Data
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30 ATLAS Online Luminosity Vs =8TeV —

- [ LHC Delivered
25 [_] ATLAS Recorded

 LHC performed very well to
deliver a significant amount of

Total Delivered: 23.3 fb™

data for Higgs searches in Run I. 20~ o Delverec: 2331
+ Both ATLAS and CMS

Total Integrated Luminosity [fo
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experiments kept very high data 5
taking efﬁciency and usce N9O% 28/63 o 1311/1015 lllll 06/[05 '''' 1'1/1110 llll 17112
. . Day in 2012
of delivered data for physics. '
2011 7 T V 5 fb 1 CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV
- : e 9 ~ ) Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
_ 2012 : 8 TeV, ~20 fb"! . EET
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* This allowed us to use a wide
range of decay and production
channels 1n Higgs searches.
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Pileup : Very Harsh Experimental Condition

* High pileup occurs thanks to A 7 uu event with 25 reconstructed vertices
very high performance of =

LHC.

* Essential to continuously
improve the trigger,
reconstruction, object
identification in the very
harsh condition.

180T T T
F ATLAS Online Luminosity
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Higgs Productions and Decays

10°F™

The production sub-processes
— Gluon fusion (ggF)
— Vector boson fusion (VBF, gqH) :
— W/Z-associated production (VH, V=W,7Z) ~ 1
— Top-associated production (1tH) ;

| L
LHC HIGGS XS WG 2012
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o(pp — H+X) [pb]

107E

The Higgs decays accessible in the

. 10-2 [ RIS N R U I ERE L1 [
80 100 120 140 160 180 200
experiments. o lGed]
— bb : large BR, Yukawa coupling 5 ' — ’*TF\
— 77: Yukawa coupling =
N
— WW :large BR, gauge boson coupling z = ~ =va I
— ZZ7 : high S/B, high mass resolution, g
gauge boson coupling 0% E
— yy: high mass resolution, loop coupling -
10° =300 720 40 160 180 .. 200
M, [GeV]

LHC Higgs Cross Section WG : https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections



N CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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Events/0.2 GeV
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Searching for excess in di-photon mass Converted vy in front of calorimeter

spectrum £ [y
IS L * ATLASPreliminary -0.626 < <-0.100

10000F . Daa )

. . . _‘a:: C ] :’ MC conversion candidates 7
Selection of two high p. isolated photons £ 8000 MG e convrsins .
— Both converted and unconverted photons 60001 .
4000~ .

EM calorimeter (ATLAS : LAr, CMS : ook .
PbWO,) performance is crucial. ] ]
— Calibration, stability against time and pileup, 0 50 100 150 200 250 300 320[ 4‘]’0

. . . mm

energy resolution, photon pointing (ATLAS)
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* Excess has been observed by both 3 "F E
N oo e  Data2011+2012 ]
ATLAS and CMS. s F ™. T i (i ocr ey
€ so00— ATLAS Preliminary —
— ATLAS - B T Hory .
* Significance : 7.4 o (4.1 o expected) E ise 7oV, Lt as " .
* my =126.8 = 0.2(stat) £ 0.7(syst) GeV - temoTew fua207 ! ]
 0/0gy = 1.65 + 0.24(stat) £ 0.22(syst) g o E
— CMS (MVA analysis) £
* Significance : 3.2 0 (4.2 0 expected) ‘g | | | | |
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* 0/og,=0.78 £0.27 5000 T o
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* Excess has been observed by both

ATLAS and CMS.

— ATLAS
* Significance : 7.4 ¢ (4.1 o expected)
* my=126.8 £ 0.2(stat) = 0.7(syst) GeV
* 0/0gy = 1.65 £ 0.24(stat) + 0.22(syst)
— CMS (MVA analysis)
* Significance : 3.2 0 (4.2 0 expected)
* my = 125.4 £ 0.5(stat) =+ 0.6(syst) GeV
* 0/0g, =0.78 £ 0.27

* Event categorization to enrich VH and

VBF channels

— Lepton, E;™ss, di-jet mass, photons & di-
photon p

uVH

uVBF

uggH+ttH C

T | T T | T
=] —=—1 H — Total
: — Stat.
— Syst.
- H———H =
: [Ldt=4.8fb" is =7 TeV
— o H— ]
: |Ldt=20.7 fb", \s =8 TeV ]
- 1 U ATLAS Preliminary
— H-=—H 2011-2012 _
C I I my - 126.8 GIeV
0 1 3 4 5 6
Signal strength
MET ——Jl——— CMS preliminary
— Ns=7TeV,L=5.11fb" (MVA)
Electron ——— Vs=8TeV,L=19.6 5" (MVA)
oon | > s
Di-jet loose q, my, =125.0 GeV
— F /G gy, = 0.76+0.28-0.26)
Di-jet tight w
Untagged 3 —-
Untagged 2 B gl
Untagged 1 i
Untagged 0 ——
Di-jet > —
Untagged 3 q, —.-—
Untagged 2 B I— —
Untagged 1 T —ml
Untagged 0 i 1 1L 1 1 1 | 1 1 1 1 | 1 1 I
-10 0 5

10
Best Fit (S/GSM
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@AT LAS

D EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST




Searching for excess in four-lepton mass

spectrum

— High mass resolution channel and high S/B
— BG dominated by SM ZZ, Zbb, Z+jets

H—Z7% — 4l

Excellent lepton (electron/muon)

performance is required.

Energy/momentum scale and resolution

High reconstruction and identification

efficiency at low p

Validation with Z, Y and J/y (—2I)

Single-resonant Z (—4/) for validation
Relative differencc from PDG value
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* Both experiments observed a clear peak
together with a single-resonant Z.

— ATLAS
* Significance : 6.6 0 (4.4 0 expected)
* my = 124.3 £ 0.6(stat) = 0.4(syst) GeV
* 0/ogy=17+04

— CMS
* Significance : 6.7 0 (7.1 o expected)
* my = 125.8 £ 0.5(stat) = 0.2(syst) GeV

* O/Ogy, =0.91+030

» Categorization of ggF, VBF and VH to measure
vector boson and fermion coupling in

production (to be mentioned later on).

Z boson pair mass correlation as expected

Events / 3 GeV

Events/2.5 GeV
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30

25

20F

W
o

n
[&)]

" %% Syst.Unc.

- * Data ATLAS Preliminary
* [l Background zz" Hos 774

— [ Background Z+jets,
C D Signal (mH=125 GeV)

Vs =7 TeV:[Ldt = 4.6 fo
Is=8TeV:|Ldt=20.7 "

160
m, [GeV]

CMS Preliminary Ys=7TeV,L=56.1fb";ys=8TeV,L=196fb"
T T T T T T T T T T T T T

T I T

- B z+x -

I

I

T T l L
¢ Data -

[Nzv'zz

[ |m=126 GeV_E

120 140 160 180
m, [GeV]
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. = L B B B N
* Both experiments observed a clear peak 8 50l DB ey ATLAS Proliminary |
together with a single-resonant Z. N N e
- \s=7TeV: =4. .

— ATLAS """"" /s = 8 TeV:|Ldt = 20.7 o]

* Significance : 6.6 0 (4.4 0 expected)
* my = 124.3 £ 0.6(stat) = 0.4(syst) GeV
* 0/ogy=17+04

— CMS
* Significance : 6.7 0 (7.1 o expected)
* my = 125.8 £ 0.5(stat) = 0.2(syst) GeV
* 0/0g;=0.917*030 .,

CMS prelimi =7(8)TeV,L=5.1(19.6) b
A120 TT 1T |p|rlellrlnllnlaryl T | T I\J'lgl | T (I l)l Iel T 17T I T T (l T I l)l T T 40
35

» Categorization of ggF, VBF and VH to measure =100 o/ de:8TeV/7Tey

EN i o /W 4 8TeV/7TeV 30

vector boson and fermion coupling in ol o /m 202087V TTeV
production (to be mentioned later on).

25

20

1 15

* Zboson pair mass correlation as expected

R0 00020
m,, (GeV) 13



‘Compact Muon Solenoid

H— WW* —Ivilv

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
Run/Event: 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815

14
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* Two high p; isolated leptons + large missing E'; Different lepton flavor

— Small opening angle in two leptons 290000 ey r e o o L S
pening ang p goc 1 OF ATLAS Preliminary g o 2 oo
L \s=8TeV,| Ldt=20.7f" [J& [ SingleTop

— Analyses separately in N, and lepton flavor

18000F- W sy, B Ziets [ Wriet
. . F H— —evuv/uvev B H[125GeV]
— Searching for excess in m; and m 16000¢ ,
140001
* Backgrounds 12000
10000

— Many processes are involved and are estimated
by data-driven approach as much as possible.

— Dominated by SM WW, tt, Z+jets depending on

N, and lepton flavor
Njets
M, =125 GeV Background
CMS preliminary L=19.5fb ' (8TeV) CMS preliminary L = 19.5fb ™' (8TeV)
™ 100 % 100
Q
€ 9 € 90
~ =
= 80 80
70 70
60 60
50 50
40 40
30 30
20 20
60 70 80 90 100 110 120 0 60 70 80 90 100 110 120 0

M, (GeV) M; (GeV) 15



H— WW¥* — Ivilv

200_"|"'|"'|"'|"'|"'|'"|"'|"'|"'|""_
- ATLAS Preliminary —$— Bko. subtiacted Data
- Ns=7TeV,[Ldt=46f" [ | Hi2sGev
\s=8TeV,]| Ldt=20.7 fb

HoWW Siviv + 0/1 jets

+

e Results

— ATLAS
* Significance at my = 125 GeV :
3.8 0 (3.7 o expected)
* 0/og,;=1.01 £0.31 50
— CMS
* Significance at my; = 125 GeV : 0 .

_I|IIIIIII|III|III|III|II_+_IIIIIIIIIIII|III_
4.0 o (5.1 o expected) 60 80 100 120 140 160 180 200 220 240 260

150
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC




VH, H — bb

T T T T T T T T

400

> F T T T T T T T -
: — ATLAS Prelimi —
A very important decay mode to & [ Latetso ' vsearas W wz.zz :
measure Bottom-Yukawa coupling, 2 8001 [ Latear s o= 7700 ::’H“:::’GG:V" -
. . o - |
searching for excess in m;, spectrum & por ¥  Data- Bkgd -
1003— f
Three search channels categorized by - %;
0
the vector boson type and decay - ]
— WH—Ivbb 100 E
— ZH—IIbb B0 700 150 200 250
m,; [GeV]
— ZH—vvbb
% 6_ N Y [
% C  ATLAS Preliminary \s=7TeV, j Ldt=47f"
5[ —e— Observed (CLs) 4
ATLAS result _§ I Expected (CLs) 'S=8TeV, J Lot =130 ]
.. [= T B+t VH(bb), combined ]
— 95% CL limit at 125 GeV : S 4 i .
1.8 x O, (expected 1.9 x O, ) i\g 3 E
— 0/0gy =-0.4 £ 0.7 (stat) £ 0.8 (syst) & 2} ]
1= -
0: I T T SO AR SO S IN NN RO SO TR T N SR M WA N -
110 115 120 125 130

m,, [GeV] 18



CMS result

— Excess was observed above the BG

VH, H — bb

only expectation.

— Significance at m; =125 GeV : 2.1 0

— 0/0g, =1.0£0.5

\s=7TeV,L=5.01"

\s=8TeV,L=19.01fb"

Combined
u=1.00=+0.49

Z(vv)H(bb)
u=1.04x077

Z(|-|+)H(bb)
u=0.82=+0.97

W()H(bb)
u=111=0.87

CMS Preliminary m, =125 GeV

| |

-21

0 2 4
Best fit o/oSM

weighted entries / 15

80

60

L Vs= 7TeV,L=5.0fb"
- Vs= 8TeV,L=19.0 fb"
" pp— VH; H— bb

T
__ CMS Preliminary

L L L
® Data

I vH (125 Gev)
=

— Sub. MC stat. uncert.

1 1 I 1 1 1 I 1

— Visible MC stat. uncert.]

401
20 -
I <+ ]
0
- -9
C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I | 1 1 1 I_
0 50 100 150 200 250
M5 [GeV]
B

95% Asymptotic CL Limit on o/og,,

[$))
|

" CMS Preliminary
- Is=7TeV,L=5.0"b"
\s=8TeV,L=19.0 fb"
| VH(bb), BDT combined

||||||I||11||_

—e— CLg Observed ]
--@- CLg H125 injected |
--e- CLg Expected N
I CL, Expected= 10 |

CL Expected = 2 0 ]

:{ | | 1 1 l 1 1
110 115

| | I 1 1
120

1 1 I L 1 1 1 I:
130 135
m,, [GeV]

1 1 I | |
125
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CMS Experiment at LHC, CERN
Data recorded: Sun Nov 25 00:15:46 2012 CEST
Run/Event: 207898 / 97057018




Higgs search of this decay mode is
categorized in the tau-pair decay

mode and number of jets.
— Tau decay : lepton-lepton, lepton-hadron,

hadron-hadron

— Number of jets : 0, 1 (boosted-H w/ high p;
200

jet), 2 (VBE, VH)

Searching for excess in m__ mass

spectrum.

ATLAS result
— No excess (yet)

— 95% CL limit at 125 GeV :
1.9 x o, (expected 1.2 x O, )
0/0gy = 0.7 £ 0.7

H—Tr

T

400

2

e o e o
ee + ey + uu Preselection |

—e— Data R
— 20 x H(125)—>1t
N Z-tr 1
Bl Z—eeun ]
B iirsingle-top  —
WW/Wz/zZ
[ Fake leptons
77 BKg. uncert.

[Lat=1301"

\s=8TeV
ATLAS Preliminary

3 4 5
Niet (pT>25 GeV)

Events / 20 GeV

- T
1200 UTpoq + ET,aq BoOSted
i —+— Data
r — 5x H(125)>1t 7
1000— B Z—11 (0OS-SS)
B Il Others (OS-SS)
800 [ Same Sign Data —
B 777 Bkg. uncert. ]
6001 [Lat-130M"
i \s=8TeV
400~ ATLAS Preliminary—|
200~ .
of

50 100

—_
\Y}

—_
o

T I 1 T I T

95% CL Limit on c/oSM
[0 )

T

T l L l T

| H— 1t (non-VBF)

- —e— Observed CL_ [Ldt=46f"(s=7TeV -
| --- Expected CL_ I Ldt=13.0fb",1s=8TeV
[ J+2¢
+1c

ATLAS Preliminary |

0 1 I 11 1 1 | 11 1 | | | | L1 1 1 ‘ | | 1

100 110 120

130 140 150

150 200
MMC mass m, [GeV]
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CMS result
— Excess was observed above the BG
— Significance at my; = 125 GeV : 2.85 0
— o/ogy=1.1+04

CMS Preliminary, ys=7-8 TeV, L=24.3 fb', Hott

m, = 12:') GeV |: L S
Bl [
o o
° T
-—n—- BT
. VH-o 11+l
L —IO— . Combined
0 2 4

best fit for o/ Ogp

[1/GeV]

T

S/B Weighted dN/dm

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

: L H(125 GeV) — 11
L ep,et,ut, 1T, 4T ~@- Data-Background "]
1000 = [2) Bko. Uncertainty
800 -
[ 700 I
600 B my, [Gev] -
: H(125 GeV)— 1t :
400 —@— observed .
L  — A J
-  — J
5 B clectroweak -
200 - ] aco -
0
0 100 200 300
m,. [GeV]
CMS Preliminary, Ys=7-8 TeV, L=24.3fb"  Ho> 11
= 4.0 T T T T T T T T T T T T T T T
bw [ —e— observed 3
© 3.5 —— expected ]
c - [ * 1o expected :
:..3 3.0 F [+ 20 expected .
£ F :
1 25F .
< : /
X 20F ks
b 20f -
» r —
1.5F
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Higgs Combination

Combining all the channels together
to study the Higgs properties and
its consistency with the SM
(or its inconsistency due to BSM)

Mass
Signal strength

Coupling
Spin

23



Higgs Combination : Mass

Both ATLAS and CMS combined high mass resolution
channels of yy and ZZ"—4I.

ATLAS :

— my = 125.5 £ 0.2(stat) £ 0.6(syst) GeV
CMS

— my = 125.7 £ 0.3(stat) £ 0.3(syst) GeV

CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<19.6b"

£ 'L ATLAS Preliminary —— Combined (stat+sys) — 10pr=—"" oy [— Combined |
N [ Vs=7TeV:[Ldt=4.6-4.81b" ----- Combined (stat only) c 9: Hoyy+H->ZZ H°m ine
oy . S — H-> — - —_—
gl 1s=8 TeV:|Ldt = 20.7 fb! — _>?z(" » < o uw(gngﬂH), | - ;YZ
= - —H-
B a8 n (VBRVH)
C 1 =
5
C 7f
al e 2 6F
i 5F
3k :
] 4
2f 3
i - 2f
L [ ; e 1o -
1k
/] l ] | L1l L1 l L 1 | 1 1 | ] | L1l -
?21 122 123 124 125 126 127 128 129 0

my [GeV]




Higgs Combination : Signal Strength

* Combining all the available channels for signal strength (o/0g,,)

e ATLAS:

— 0/0g,; = 1.30 £ 0.20

« CMS

mass of each experiment

— 0/0g,; = 0.80 £ 0.14

W,ZH — bb
\s=7TeV: [Ldt = 4.7 fb"
Vs=8TeV: [Ldt=13tb"

H-o 1t
\s=7TeV: [Ldt = 4.6
\s=8TeV: [Ldt = 131b”

H— WW" = vy

Vs=7TeV: [Ldt=461"
\s=8TeV: |Ldt=20.7 b

H— vy

\s=7TeV: [Ldt= 481"

\s=8TeV: JLgt): 20.7 b
H—->ZZ" — 4l

Vs=7TeV: [Ldt= 461"
\s=8TeV: |Ldt=20.7 b
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Higgs Combination : Signal Strength

* Comparison of the production channels in terms of the signal

strength of ggF+#H (fermion coupling) vs VBF+VH (vector boson
coupling)

* In both ATLAS and CMS measurements, each production
channel is consistent with the SM.
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Higgs Combination

Fermion-vs-Vector couplings

W-vs-Z coupling ratio :

— Coupling scale factor k; : modified coupling
of Higgs to a SM particle i, normalized to 1

for SM Higgs.

— A benchmark assuming SM contributions
only

Fermion : Kk, =K, = K, = K, = K,

Vector : kK, = Ky = K,

Custodial symmetry
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Higgs Combination

* BSM contribution in loops
— BSM in loops of gg—H

and H—yy
— Assuming only SM

contributions to the total width os-

— Test in K, -VS- K,

BSM contribution in total

width

— Test for invisible or

undetectable BSM decays
— BR(inv.,undet.) = B; |

— Kyand K, profiled
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Higgs Combination : Coupling

ATLAS Preliminary \s=7TeV, |[Ldt=4.6-4.8 fb"
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Higgs Combination

Spin and parity of the SM Higgs : J = 0

Test of different Higgs spin-parity hypotheses in kinemati

distributions
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Conclusion

* LHC RunIin 2010 - 2012 delivered a significant amount
of data to ATLAS and CMS, allowing us to discover a
125 GeV Higgs Boson.

* We are already in a phase to measure the Higgs
properties precisely.
— All the properties are consistent with the SM within the
uncertainties.

— More updates and results on Run I will come.

* In LHC Run II onwards, we will be in another exciting
phase for more precise Higgs Physics and BSM search.
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