Recent Physics Results
from LHC experiments

status of data taking in 2011

Higgs search

2012 & beyond

v

to study so-called “hierarchy problem?,

LINKS among Hierarchies ... _ , o
an experimental input about “Higgs

Weak scale ~ TeV ~ Plank

Boson” may be important !?

ISHINO Masaya (Kyoto Univ.) 2012.02.15
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Total Integrated Luminosity [fb ]

delivered luminosities by LHC
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the difference of Green & Yellow
-> Data Taking efficiency : ~ 93.5%
Detector : working well (97.5% ~ 100%) : ATLAS & CMS
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effect of pileup !!
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pileup effect on lepton ID

electron ID efficiency : Z -> ee

H->ZZ->4L

u (calorimetric) isolation eff. Z -> u u
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Higgs production
@ LHC

Higgs Boson Production

cross section
@ mu=125GeV

T

Gluon Fusion | 15.3pb|
(GF) Ao~ 20%

18 (AR

1.2pb |

Vector boson |
v 777" fusion (VBF)

tt associated | 0.09pb |
production
(ttH)

-f\ WH/ZH | ngb |
: associated

‘H production (\vH)

\'s= 7 TeV j

GS XS WG 2010

~20 x Tevatron
(myu=1206GeV)

| IIIIIII

1000
M, [GeV]

300 400 500

200

16.9pb x 6x1033cm-2s-! ~ 0.1Hz
16.9pb x 5fb-1 ~ 84.5k

LHC Higgs cross section working group, 2010, arXiv: 1101.0593

cross section @ NNLO ( for GF, VBF and VH )
error : GF : <20% , (VBF :3~9% , VH:~5% )




Higgs production x Branching Fraction

( O X Branch) moreover ...
X Acceptance x eff.
@ 5fb- -> yield
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Higgs -> r r

-0 - Br ~ 40fb

-2 x isolated-r (simple !) S
EXPERIMENT
v Er(ri, r2) >40,25GeV  F Z@EUSIEBN\ |\ S ——

v Including r->e*e- ( material > 2Xo )
-S/B . ~0.02 , many backgrounds !

v S~70 / B~ 3,000 @ 4.9fb '(mn~125GeV)

T A 1

§ 700: ATLAS Preliminary _+_Data _i

% 6002 ‘:’MCmH=130GeV,1xSM_§

(i) mass resolution of (i) to suppress rj, jj BG, @ o , e
4001
Y v :important !! n 9/ r separation : important 00
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" (i-1) mass resolution ~ Energy measurement

m2yy= 2(1—coso<)

Events / 1 GeV
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robust against event pileup
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(i) Background : jj, rj ~ @9 r
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*local-Po : 0.27% (2.80) -> 1.50 (LEE)
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too much ...
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systematic error

Expected signal yield :~20%

H -> yy mass resolution : ~ 14%

H -> yy pt modeling :~ 8%
Background modeling : +0.1-5.6 evts
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© H->7270) -> 4L (4e, au, 2¢ 2u)
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F_w
<130: rr -

10°
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125~300
270 -> 4L

low Pt lepton (e)

my, (GeV) <120 130 140 150 160
threshold (GeV) 15 20 ) 25

-Main backgrounds:
vSM_Z7C) (irreducible)
v 2L from b(q)-jets , Zbb , Z+] , tt
(mH < 2mz)

*lepton isolation cut
‘impact parameter cut
-> b-veto for m34 leptons

pileup sensitive

Persint
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Events / 1 GeV

electron / u performance

Z -> ee : mass resolution
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MC (perfect): 2.31 GeV
Data Spring 2011 : 2.89 GeV

Data Summer 2011:{2.45 GeV

accuracy of detector alignment is
approaching to the ideal situation
(MC : ~30um)



N H(130GeV) -> 4Lepton inv. mass (MC)

MC : H(130) -> ZZ -> 4e MC : H(130) -> ZZ -> 4 u

> :] [ | L | L | L | L I L | | : > _l [ | L | | | L | | [ | L | | |—
©0.08F : : .. — @ i : : . i
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=0.071 - S [ ]
~ - ® m,=130GeV N ~ B ® m,=130GeV i
50.061 gaussian fit N 350.08 gaussian fit —
© - : © i 7
0.05- 1 - TN :
: H->4e : 0.06 H-> 4y h
0.04:— —: i |
"~ & =(2.53+0.06) GeV N - =(1.98+0.03) GeV 1
0.03 :_ fraction outside + 2:: 0.18 —: 004__ fraction outside *+ 25: 0.15 i
0.02- \g~2 BGeV E - o~2.0GeV -
_ ] 0.021 |
0.0 - i o |
- co L Ly 1 | AN AR l‘—‘—M L | M

80 90 100 110 120 130 140 150 gO 90 100 110 120 130 140 150
Meeee [GEV] My, [GeV]

82% in x20 (i.e. 82% in 10GeV ) 85% in x20 (i.e. 85% in 86eV )



O

> A I. IDA_II_A I | | | | | | . I- | | B
rg@ B Background  ATLAS Preliminary
ol F Signal (mH=125 GeV) -
@ | | [ Signal (m =150 GeV) -
S 8 Signal (m =190 GeV) —
<q 0 ]
wh H-zZ" a4l Z
6~ ([Ldt=4.8fb" * N
- \s=7TeV _
4_— ) ) l
|:::>' slelef
2_
o
100 150 200 250

Events/2 GeV/c?

4| epton invariant mass distribution

CMS : ZZ -> 4L

CMS Preliminary 2011 Ns=7TeV L=4.711"
5 _4 11 | | I B ] LI I I I T 177171 I | B | I | B I B | '_
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4.5 - B z+X E
4 T mzz 3
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T ]
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...............................
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m,, [GeV] m(4L) < 180 GeV
Observed: 8 events:

3events in Tbin (10GeV) ...

[ 3 (4w + 3 (2e2p) + 2 (4e) ]

124.6 (4u), 124.3 (2e2u), 123.6 (2e21)  Expected from background: 9.3 + 1.5
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pT (U, W, W, u)=612,33.1,17.8,11.6 GeV
m34= 24.6 GeV

mi2= 89.7 GeV

EXPERIMENT
http://atlas.ch

@ATLAS

Event: 143576946
2011-09-14 12:37:11 CEST

Run: 189280




M2e2u = 124.3 GeV

pt(e’, e, y,u)=415,6265,24.7,618.3 GeV
m(e'e’)=76.8 GeV , m(u'y) = 45.7 GeV

In: 182 790Ment.

gte: 2011 ABSSOFOY :54:29 CEST v ﬁ/ .
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H->ZZ -> 4L : sensitivity & exclusion

21 02 1T 11 | I | I l | I | L | I l L
) -
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-1 —
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IIIIIII
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110 120 130 140 150 160 170 180
my, [GeV]

Excluded (95% CL): 135 < my < 156 GeV and 181 < my< 415 GeV
Expected (95% CL): 137 < my < 158 GeV and 185 < my< 400 GeV




= ATLAS Higgs Combined (i)

I Illlllllll]lllllllllllllllllllllllllll

z L H->7 7 (4.9f0)
Q"’ ATLAS Preliminary 2011 Data |~~~ 1 0611
© —— Observed . |FoWwo > Ly Ly (2.08b)
5 105 ... Expected J Ldt=1.0-4.9fb" |H>2z0->4L  (48f)
-E B ESE H->Z2Z->llv v (2.05fb")
k= - N _ H->ZZ ->llaqqg  (2.05fb)
j o +2 6 \'s =7 TeV H-> WW ->lvgq (1.04fb")
3 ] .
O\O - —
Yo)
o)
e E
] (FLS Llimitsl | | | | | e
110 115 120 125 130 135 140 145 150

M, [GeV]

Excluded at 95% CL Limit

*112.7 <mn < 115.5 GeV
*131 < mH < 453 GeV (BR : 237-251GeV)

Expected , if no signal
*124.6 < mH < 520 GeV
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ATLAS Higgs combined (ir)
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~1.40(Lv Lv)
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expected SM_Higgs ~2.40



= 2012

- /TeV ->8TeV: o x 1.3

+~15fb"!
‘mu : 120~130GeV -> 5 o discovery, if there is ...
g oo0e00] I — measurements of Higgs coupling
! s g ! inairec
> < Vi (gauge , lepton , quark)
g "e000e WV -> HHH self-coupling important
" = 5 gzzH , QWWH . y'oP
g @6‘60‘6@/ W, Z VY,/Z
q g-jet
<T )
o T YT(tau) ;b
g-jet 102 t‘au |
g W
- b 1 10 D}lg;s(GeV/cz)
w Yb
0 7->14TeV , 300fb-1, 3,000fb-"
b

more luminosity , more event pileup (140 7?)



* LHC : phase-0, 1, 2 upgrade

2010 2011 2012 2013 2014 2015
MJ JASOND I FMAMI JASONDIFTMAMIITASONDI N P ASONDIFMAMI I ASOND
| shutdown \
LHC
T Collimation ¢
ALICE - detector completion 3
7 l ev ATLAS - Consolidation and new forward) ;’
beam pipes 4
"'3233 CMS - FWD muons upgrade +
1 Consolidation & infrastrastructure
5f b - LHCD - consolidations
?Cryo-collimation point
Injectors IS SN RN NN
$PS upgrade 7 SPS « LINACA connection & 7 PSB energy upgrade
2016 2017 2018 2019 2020 2021 2022
IPTMAMI I ASOND)FMAMI I ASOND FMAMI JASOND I FMAMI I ASOND I FMAMI JASOND
shutdown shutdown
LHC

phase-2

14TeV
~H5e34

~3,000fb"!

ATLAS: now pucel detect. - dotect.
for ultimate luminasity.

ALICE - Inner vertex system

CMS - New Pl New HCAL
Photodetectors, Completion of
FWD muons upgrade

LHCb - full trigger upgrade, new (by ~2030)
vertex detector etc.

Injectors




