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Introduction
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® Light Higgs favoured by precision *T Wi Tocerssocs

=== incl. low Q° dala .:. —

electroweak tests 4

o Light Higgs deflned traditionally by "z =4
m <~140 GeV/c? (< 2xm ) '

o EW Ioop correction sensitive on log(m )

o m can be obtained from global fitto = o [Excluded N .

H . 30 100 300
EW precision measurements & e m,, [GeV]

o m, of best fit w/o constraints from SATY B BN B

direct searches: ~100 GeV/c?
o m, of best fit w/ constraints from

dlrect searches (LEP&TeV'10):
~120 GeVIc?
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Higgs production at LHC

e Dominant production g ’ T e f
mode Is the gg - H iip " I " >M»f E "
o Backgrounds mostly . . . a . .

produced in

g annihilation = usually
better S/B ratio than in
Tevatron at Fermilab

© VBF and VH production
modes

o Cross-section smaller
10 times than gg - H (VH
for light Higgs)

o Useful thanks to additional
signatures (jets, leptons);
Important, esp. for low
mass searches
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© Decay modes considered in search for Higgs
boson determined by oxBr and S/B

o S/B disfavours fully-hadronic channels like
Inclusive H- bb

o Final states with leptons and providing good
mass resolution preferred (e.g. H- yy/H - 4l)

o Low mass range (m < 2xm_~140 GeV/c’)
more difficult that high mass one

© Several decay modes considered to explore
the low mass range
o The flagship: H-yy
o The robust: H- tt (both ggF and VBF)
The difficult: V(H - bb)
Others, usually considered for heavy Higgs
e The powerful: H- WW - 2]2v
* The golden-plated: H- ZZ - 4l

©)

©)
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Tracking |n|<2.5, B=3.8T Tracking |n|<2.5, B=2T

 Si pixels and strips  Si pixels and strips
o/pT=1.5210-4pT®0.005  Transition radiation detector

Calorimetry |n|&Y<2.5, [n|"*4P<5 0/pT=5¢10-4pT®0.01

« EM: homogeneous PbWO, crystals Calorimetry |n|<5
0/E=2.8%/NE®12%/E®0.3%  EM: sampling; Pb/LAr accordeon

« HAD: Cu-Zn/scint. + Fe/Quartz 0/E=10%/VE®0.007
o/E=100%/VE®0.05 « HAD: Sampling Fe/scint. + Cu-W/LAr

Muon Spectrometer |n|<2.4 o/E=50%/VE®0.03

« Solenoid return yoke instrumented (B=2T) Muon Spectrometer |n|<2.7

DT/RPC + CSC/RPC  Air-core toroids with muon chambers

Seminarium piatkowe, 16 XII 2011



©

©

© Extreme increase of inst. luminosity

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16
T T T T T T T M T T T T T T T T T

I
— Delivered 5.72 fb~'
— Recorded 5.20 fb™!

Total Integrated Luminosity [fo

o I A e 2‘0"1"1“A """""" 2‘0'1‘"1‘3 """
|t
u»m% 20108 14100 30[01 1,;[09 3.;[10

L = 4.9 fb™ of high quallty

o Not all analysis with full dataset

L = 4.7 fb™ of high quality
o All analyses with all data

o 2x10°% = 4x10* cm?3st

data by ATLA

data by CMS

Recorded Luminosity [pb ~ ](D

o Challenging for trigger system
o Important pile-up (up to ~20)
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Analysed dataset
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i BumMps & LEE

The look-elsewhere effect (LEE) Is
significant in Higgs searches

* Higgs mass is unknown a priori

e Each channel represents many effective
measurements (= trial factor)

* |If errors are correctly estimated, ~2% of
measurements will fluctuate up by 2c or
more = bumps are expected!

Resolution is the key parameter

e For a given search window: higher
resolution = larger LEE

 Local p-value plot will show features
with frequency driven by resolution / \ )

« LEE for channels with high resolution w
0(10-100) P 115 120 25 30 35 140 145 150

] Higgs boson mass (GeWcz)
« LEE: p9°* ~ p™" + N _exp(-Z® /2
where N_ — no. of crossing of qo"bs(mH) over low threshold line: g (m ) =0

Local p-value

“_Consistency with SM Higgé

—
<
N

[=2]

‘here ~5xSM

Best fit 6/5,,
n
|

M
717
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The flagship: H-vyy

The most sensitive channel at low masses despite a small
branching fraction (1-2x107)

o Signature: narrow peak in distribution of di-photon mass (resolution ~2 3%)

o Discovery potential T sl T
High non-resonant background S . NESTTAVL=azem (B
. . ol [ ]2fakey .

o Background normalisation from m(yy) = = ] oreven ]
Sldebands % 2000E "g-%’ [ ] Hyy (120 GeVic?) x10 E

3 1500% —

o Potential of the channel depends on -
di-photon mass resolution = 1000

excellent precision of ECAL crucial
for the search T .

Sample divided on categories basing o 100 0 120 130 140 150 60 170 180 190
on m(yy) resolution (different photon categories) h
o ATLAS: 9 categories (unconv/conv)x(2 central/rest)x(p_ (yy)>40/<40GeV)+
(convé&transition)
o CMS: 4 categories (unconv/conv)x(2 barrel/rest)
Background: exponential (ATLAS) or 5" order polynomials (CMS)

Signal: Crystal Ball + Gauss (ATLAS) or 3 Gausses (CMS) resolution
determined with Z — ee data 8

Simulated data not-
used in the analysis

500
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H - vyy: ATLAS results

- Data 2011 3 & = — Observed CL limit ]
S VU — oo = 120GoV 40) T © 7F  —ExpectedCL lmit  Hyy E
& 600 ) E 5 . o ATLAS Preliminary ]
5002— \c‘s=7TeV,J.Ldt=4.9fb'1 —i E 6; + 2 Data 2011, \s =7 TeV E
400E- ¢ = o oF det: 4.9 fo" :
sooi— _i &\: 4i |
2002— = @ i
100 ATLAS Preliminary = SF
O:IIIIIIIAII‘-1..bJIIIIIIIIIIIIIIIII: 2
5 1001 e -
E 50%1 TR J.+++ + 4 bt b b 1k
2 0§+T+++"H+HH+++'+ f++#++++%++*++**++++++f+*§ . clew v b b b by e by 0 H
m1g°**; 110 115 120 125 130 135 140 145 150
< 700 110 120 130 140 150 160
: my [GoV 126 GeV m, [GeV]
- Distribution of m(yy) for all categories oL Observedp, = Da20ti,Ns-7TeV
. 2 = 3 =
- Signal (SM, m =120 GeV/c®) drown o SMH > yy expected p, det ot
: - 1E s = 4. -
to illustrate resolution : - :
- = gn - i :Jg-‘.-.':_‘_-_'_-‘-'-‘-'-‘-'-‘ (==t ‘-'-‘-'-‘-'-‘-'-‘-'-_‘_-;:.‘M" "" - :
@ No significant excess is found D T A
20 e -]
(L =4.91b 1) 102 =
o EXpected exclusion: 1.6-1.8xSM PP A ]
- 10 eLocal P =280 e eiminar E
o Observed exclusion between Global (after LEE)p ~1.50 Yoo
114-115 and 135-136 GeVI('_:2 10990 115 120 125 130 T35 140 145 150
my [GeV]
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H-vyy: CMS results

—~
N P E F ‘ ‘ T ; : :
“y1200 |- CMS preliminary - EB’:taM " ~ Observed CLs Limit CMS preliminary:
S [\s=7TeVL=4.761f" — Prglode M EEEEEEEEE Median Expected CLs Limit (/3= 7 7aV L = 4.76 b
[ i — 1o :T: - I + 1o Expected CLs
+2 L
(51 000 | All Categories Combined —— SXSGM m,=120 Ge ID_’ 4 - :| + 20 Expected .CLS
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« Distribution of m(yy) tor all categories S [ @ctq;_of.zo_go@;d CWS prefiminary
» Signal (3xSM, m =120 GeV/c?) drown 3 1‘: G?gga';_sl%:"""%;?'%: ‘5'8%___ veoTTmaen
to illustrate resolution \ \l
= =g - P it et Voo TR Y T
© No significant excess is found 10 Syt o
(L=4.7 fb™") \+) \/ o

o EXxpected exclusion: 1.6-2xSM 107 V. T -

----- 1xSM Higgs Median Expected

o Observed exclusion between L o i s

i ; : ‘ ; 30
129-132 GeVIc? .

m,, (GeV/c?)
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® Sensitive channel at low masses thank to

reasonably high branching fraction (5-10%)

o Signhature: peak in distribution of di-tau mass
(resolution ~20%)

© Many decay modes explored
o M+T: high BR, golden channel

o e+T : high BR, more background than for p+t,
o e+|: low BR, but very clean

o ATLAS only: e+e & p+u: quite clean (DY - Il bkg)

© CMS: Full mass reco, selection in categories

o VBF (leads sensitivity of the search):
. 2jets p.>30 GeV/c, [n[<4.5

- N, xn,<0,An >4, M >400 GeV/c®

o “Boosted”
. 1jetp >150 GeV/c, [n| < 4.5

o “O jet” (complementary to above):
« Adds some sensitivity, helps to constrain bkg
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The robust: H - 1T

Jet2
p.= 46 GeV/c
B e ' nal §

p.= 177 GeVic "/ =

g sl Ty
r ] M _ageere i W
Ve : ; Nty
N - et 111 Ti-
b o =
i - 5
- = "-\,_

Jet1 o

Muon - MET: 97 GeV
p.= 20 GeVic CMS,
VBF event
candidate
11



CMS Prellmlnary 4 6 fb - 5—7 TeV all channels

CMS Prellmlnary 4 6 fb - \F—T TeV all channels

H - 1t;: CMS results

CMS Prellmlnary 4 5 fb -

. 25 o 20 " S-7lTelVallchannels
5 IKe= S’ESS\Z? ] E 18 - 3&25@? B - Coserved
e VBF-like=& t stboosted=5: ; SOJ o
Z o0f =52 12 % . z 10
[ @ Electroweak ] 14 I Electroweak [ @ Electroweak
[ Cacp CJacD CJaco
15} 12 102;
[ 10 [
1.0F 8 10
r 6 i
0.5 4 1
L 2 ----- o
0.0 nnll nn o 0 n 10.1...E|..'-..|....|..
0 100 200 300 0 100 200 300 0 100 200 300
m.. [GeV] m;; [GeV] m.. [GeV]
e Distribution of m(TT) with SVFit algorithm _10 cms Prehmlnary \s=7 Tev4efb1
. Signal (5xSM, m =120 GeV/c?) drown 5 F esotimes | |
. . Y —e— Observed
to illustrate resolution I 8 _ Eested
_E 7B [ ]+ 1o Expected
© Sensitivity 2.2-4.8xSM with 4.6 fb™ 3 gf BEE*20Expected
O Lead by VBF Category ’%“ L o e 3
. .o 4 =
o No significant excess observed 3 ;
;‘-""‘"-—- é
2 :_ ................ _:
z
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. H _ Tt with ATLAS

@ Channels with two leptonically decaying

taus B0 IO icte
o Two leptons i el ]
o MET>20(30) GeV for 2e/2u (ep) S1000 j- Lo E
o Jetp >40GeV0.5<|n| <45 R A :
o 30<m <75(100) GeV for 2e/2y (eu) 5 6o}
o 0.3<A® <2.5(2.8) for 2e/2y (ep) :Z: -
o Mass with collinear approximation TNV
o Event counting within mass window . [GoV]
100-150 GeV = 400
o Exclusion ~30xSM with L=1.1 fb™ 2 90 FHom o ATHASPeiminay
o Channels with |+t § 89 - Epectedcle E
E 70; [ 21: E
o Inclusive |+1_selection 3 o I :
o Mass reconstructed with MMC algorithm® « , =~ 7" :
o Z -1t background modelled with Z - yp~~ , ;
embedding technique I 3
o Exclusion ~10-15xSM with L=1.1 fb™* 0466 710 120" 130 140 150"

13
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The difficult: H - bb

@ Dominant production modes (gg - H, VBF) R -

overwhelmed by QCD multi-jet background & & flaam
= use qq - V(H - bb) process S e
o Decays of V provides handles to cope with % f20C
background 1008
o Main backgrounds V+jets, VV, tt S0
o (W -Iv)H, (Z-IDH, (Z - vv)H considered 20¢
® ATLAS: ]
o ReCIUire 2 jetS with 1 or 2 b-taggs, 2 oma o T
o Search for peak in m(bb) after inclusive & e =V
selection (resolution ~20%) oF S,
© CMS: iy
o VH topology: A@(V,H) > 3 i
- Boosted V: p_(V) > 100-160 GeV/c
o B-tagging and MET significance | 'E%'o;t'ée
o Use MVA discriminant (counting, resolution ~20% :

* Cross checked with m(bb) analysis
© Background estimated with control data — cruci

14
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H_ bb results

= =
® [ —e— Observed (CLs) Al 6 16—
b — -1 [ \TI=A S -~ 16
51200 Expected (CLs) I Ldt=1.04 fb™, ys=7 TeV 5 °F CMS Prehmtnary1BBT analysrs
6 [ El=1o § . 1s=7TeVL=47 fb _______________________ _—
.E- 100 [ J+2¢ VH, H— bb E VH(bb) combmed
= [ ATLAS Preliminary 4 o —e—CLg Observed . U S W S
i B ($) L = ; : :
: ° o oaeees CL¢ Expected : : ;
o 80_ ﬁ) : : 1
* - o 10_ - CLS Expected+1c - —
& [ - CLgExpected+20
60— ] E— d ™
B N .
40— C
- SIS A S
20— -
: 2__ ......... !
B I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 [ 1 1 1 1 I 1 1
110 115 120 125 130 110 115 120 125 130 135

Higgs mass [GeV] Higgs Mass [GeV]

® ATLAS (L=1.04 fb™) © CMS (L=4.7 fb™)
o Good agreement data-MC o No significant excess
o Observed exclusion o Expected exclusion: ~3-7xSM
~10 - 15 x SM o Observed exclusion:
3.1-9xSM

15
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R0

The powerful: H- WW* - 2|2v

@ The most sensitive in intermediate mass range -

(m, € 130 - 200 GeV/c?)

o Signhature: exactly 2 opposite sign, isolated
leptons, significant MET

o No signhal mass pick (presence of 2v)
e Poor sensitivity on Higgs mass (20%)
e Counting experiment
o Small Ag(ll) thanks to scalarity of Higgs
© Selection strategy
Tight lepton identification and isolation
High MET & Z->ee/ppu veto
Classes based on jet multiplicity & b-veto
« 0/1jets (ggF), 2jets (VBF, CMS only)
Kinematical cuts: Ag(ll) and m(ll)
* To suppress non-resonant WW
Selection optimised for m ,

entries

©)

©)

©)

entries / 8 GeV

@)

« ATLAS: cut based: count events
dependent m_window)

Seminarium piatkowe, 16 XII 2011

100

50

| data
— m, =130

T ww
WHets

B Z+jets
top
B wzzz

iy
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H - WW?* = 212v: results

-

—
o
o

95% CL Limit on c/cSM
=

- ATLAS

—— QObserved

---- Expected
ERT;
+26

LR E
H-WW' —lviv

j Ldt = 2.05 fb"
\s=7TeV

10"

\III\I \Il\l\l\lll\\\l‘llll\l II
120 140 160 180 200 220 240 260 280 300

ATLAS (L=2.05 fb™)

© SM Higgs boson with
m_€ 145 - 206 GeVic®
excluded at 95% C.L.

© EXpected sensitivity
m € 134 — 200 GeVi/c*

© Broad ~1o0 excess at low
masses
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m, [GeV]

s 107 I L ) B AL
= .

E *1. ------ median expected CMS prellmlnary
5 H — WW (BDT based)
put expected+ 1o L=46f"
c .
o expected* 26

E B —e— observed

- 54

@]

X

D

(o))

L1

CMS (L=4.8 fb)

0 ‘|_ 1 1 1 - 1 | 1 1 1 1 | 1 1 1
100 200 300

| ‘ | | | | | | |
400 500
Higgs mass [Ge

© SM Higgs boson with
m_€ 129 - 270 GeVic®
ruled out at 95% C.L.

© EXxpected sensitivity
m € 127 — 270 GeVic*

© Broad 1o excess at low

Masses

500

V]
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© Very sensitive in full mass range

2 Run Number: 186877, \\‘ Wi \
Event Number: 84622334 i =l
m E 130 - 600 G EVI C Date: 2011-08-05, 14:03:21 CEF_ 5= <
//" \\\
H v N
A
\
%

o Narrow 4l-mass peak, resolution 1-2%
o Discovery potential
o Low p_lepton identification crucial

© Signature: 4 isolated leptons from one vertex

© Reducible backgrounds: \/\/
o tt- 2l2v2b, Z+bb, Z+jets
o Removed by lepton isolation & impact parameter |
o Irreducible background: zz*/y* 2 o) 58 Gev/e

Z*(e+e-) : m = 65 GeV/c?

o Shape know at NLO

o Rate estimated from Z yield in data and
ZZ to Z ratio from theory (CMS)

o Or from theory (ATLAS)

@ Event Selection: 2 pairs of same flavour, opposite
charge leptons
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© ATLAS
o 2 leptons p_>20 GeV

o Mass of better Z candidate
mZﬂS GeV

o Mass of second Z candidate
< 115 GeV and higher than m_

depended threshold (>15 GeV)

my, (GeV) <120 130 140 150 160 165 180 190 =200
threshold (GeV) 15 20 25 30 30 35 40 50 60

Mass of second Z candidate

)
o T

- Il zz°
- Bl z.zob 1
H—>zZ"—4l

[Ldt = 4.8 fb™
\'s=7TeV

Events/10 GeV
N N
I?I T T m

—
(9]
\|III

ATLAS Preliminary

-
o
I

9]
TTTTTT

o ]
20 40 60 80 100 120
m,, [GeV]
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The golden-plated: H - ZZ* - 4]

© CMS
o Firstll pair p_>20,10 GeV,
50 <m_ <120 GeV

o Second Il pairm_>12 GeV

o m,>100 GeV

o “Baseline” selection (low m ):
« 00 < m_ < 120 GeV

. 12<m <1ZOGeV
Mass of second V4 candldate

CMS Prellmlnary 2011 Ns=7TeV L=
> 250 , : |
@ - | ~—DATA :
S r z
__c“c% 20 Mz . . =
= [ Pz ; -
S :
>
L

—_
(¢}
T T

 —m=140 GeV/c®

10[,

20 40 60 80 100 120
Mz [GeV/c?] 19



H_ZZ* - 4]: results

Distribution of 4l-mass

%02 IIIIIII|IIII|IIII|IIII|IIII|IIII_
o . 1
> B T T T T T T T T T T T . |. T T B B ATLAS*Prellmlnary — Observed CLS i
3 10¢ i gg&mund ATLAS Preliminary c HozZO05 4 Expected CL_ -
© | [JSignal (m =125 GeV) 2 |Ldt= 4810 W+io 1
&+ [ Signal (m =150 GeV) . £ s=7 TeV N
S 8_— [ Signal (m =190 GeV) - = [ J+20
3 : O
H-zZz" 4l 22
6~ [Ldt=4.8fb" ? a ©
i \s=7TeV
4

co e b b Py by
110 120 130 140 150 160

IIIIII
170 180

0
100 150 200 250
m, [GeV]

© 71 (8) observed | 62+9 89.311.2)
expected (m, <180 GeV

e Excess of events ~125 GeV 107¢ E

C. : i . : al ~.. - ATLAS Preliminary

o Distribution consistent with ZZ continuum 19} . opservea o

- - C o t _

® SM Higgs excluded in ranges: 135-156, 0% za JLat-agfo’

181-234 and 255-415 GeV at 95% CL o8 o Ns=7TeV ]
10410 120 130 140 150 160 170 180 190 200

my [GeV]
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Distribution of 4l-mass

- 18fM§P@@Tmy@vl S N§i7pY%i4pjﬂ
% 16?— * DATA ]
0] : B z+x .
% 145— .ZZ _E
"qg':; 12:— m, =350 GeV/cz—:
o 10f — m,=200 GeV/c* ]
8 —m,=140 GeV/c* ]
u:
2
qOO 200 300 460 500 600
M, [GeV/c?]
© 72 (13) observed | 67.1+5.5 (9.8+0.8)
expected (for m, <160 GeV)
@ One triplet of events causing big local p-
value at m ~119 GeV
@ Distribution consistent with ZZ continuum
© SM Higgs excluded in ranges: 134-158,

180-305 and 340-460 GeV at 95% CL
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H_oZZ* - 4]: CMS results

CMS Preliminary 2011 Ns=7TeV L=47110"
3 o A
T 10 - ——— Observed :
N oy Expected £ 10
N
b R\ T Expected + 20 |
T ke S\ il
T L.
s
B
S -
1 I
N ...................................
N o
(R IS RN R S
I :
T
1 0-1 i L . A
110 120 140 160 180
M, [GeV/c?]
CMS Preliminary 2011 Ns=7TeV L=4.711b"
[} F : : : : ; 5 ;
= ' :
© i :
= S
Q 10" ¢
102, J ______________ .............. ______________ ______________ ______________ ______________ ______________
Y Local p0—250' (290‘) w
1073 fmri - Globfal---(LE-E)---p6=1-.-16;--»-(--1--.3o)
I | == Without ma uncertainties | :
i == With m4 uncertainties :
10% : ; ; i ; i i ; i
110 115 120 125 130 135 140 145 150 155 160

My [GeV/c?] 21



Combined Iimit; ATLAS

@ All channels used together

= R S IV UL I I I I U = ———— 7
@ [ ATLAS Preliminary 2011 Data 1 g ]
= = - H->7 (4.9 1b™) ---- —— HZZ I (4807 ]
O —— Observed 1 g B smes = Ho WWs v (21 fbY) - —— H=ZZ- llgq (2.1 fb_") i
S 105 ....Expected JLdt =1.0-49fb s L o ) e
E [ B | - I /|
5 - [(J+20o \s=7TeV ] = 105 :
— i i O - A
© L[ ’.Z
; 1k :
()]

1 — T S =
7 - ATLAS Preliminary JLdt~1.0-4.9 t5'ys=7Tev CLs limits |
CLs Limits 1900 200 300 400 500 600
110 115 120 125 130 135 140 145 150 M. [GeV

M, [GeV] H[GeV]

: « Combination for low mass Higgs guided
byH-vyy,H-ZZ_4l and H- WW - 2|2v

. » There is not any evidence for a SM

. Higgs, but important fluctuation ~125 GeV

: (dueto H-ZZ -4l and H - vyy).

.« Observed exclusion (95% CL) for ,

'm =131-237, 251-453 GeVIc’ 2
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Combined Iimit; ATLAS

@ All channels used together g 1
(4]

* Fluctuation ~125 GeV due to £ 10° A3
H-ZZ_4land H-vyy & joel N i
enhanced by broad excess of R e e 1
H - WW - 212y -

 Local p-value 3.60, global 104 3
significance ~2.30 (5L b Com. b tar |

* The excess requires 1.5 ~ epros - eenom 2011 Data™,
enhancement of SM higgs 109 e oo Jueen

. .. 110 115 120 125 130 135 140 145 150
cross-section, but it is

g 2oFT reliminary ata -
compatible with signal >, ATLAS Preiminary 2011 Data
: £ F Best fit det: 1.0-4.9 b 3
uncertainty (+1o0) ER i 7oy
* => observation in agreement 5 E
with S+B and B only o E
hypotheses => more data 0.51- ;
needed to derive conclusion e E
1.5 =

24107115120 125 130 135 140 145 150 03
M, [GeV]
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@ All channels used together

b% | CMS Preliminary,\s =7 TeV [ —a_ opserved 1 102k ' CMS Preliminary, \'s = 7 Te;V I;;;I;;;;I;;;I-_I---I--I--I- Gombined cbserved _' -
B Comb|ned, Lirﬂ =4.6-4.7 fb_1 ....... Expectedi 16 : Comblned L = 4 6 4 ? fb o H:‘?‘? Eig?gﬁ
e O e e s o s £ [ Expected + 2c - ; i ' ' ((ig ;g%
o o] (4.7 b7
= (46" |
E
o _
I antuiN
Yo} 1 ~ .
(o)) Ly l‘l
el "
Sl "'II-....ﬂ
heS ‘Ik-
S —
10110 115 120 125 130 135 140 145 150 155 160 IIIIilIIIiIIIIiIIIIiIIIIiIIIIIIIIIIIIIIIIIIlﬁ'-;ll-'-l..frfilhr‘

Higgs boson mass (GeV/c?) 110 115 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/cz)

.« Combination for low mass Higgs guided by H-yy, H-ZZ . 4l :
gand H - WW - 212v with contribution from H - tt and H - bb I
. There Is not any evidence for a SM Higgs, but fluctuations at :

: ~123 GeV due to H-yy) and ~119 GeV due to H - 4l '
. Observed exclusion (95% CL) for m =128-600 GeV/c?

24
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@ All channels used together

* Fluctuations at ~119 GeV
(H — ZZ — 4|) and "“123 GeV
(H - yy) enhanced by broad
excesses of H- WW - 212v,
H_ ttand H-bb

* Highest local p-value 2.90
(~123 GeV), with global
significance ~1.30

* The excess in good
agreement with both with S+B
and B only hypotheses =>
more data needed to derive
conclusion

Seminarium piatkowe, 16 XII 2011

Local p-value

__________________________________ _CMS Preliminary, s = 7 TeV _

b 3
e
b) ]
bl |
b)

——  Combined
H—>bb
veemens H= 1
- HﬁTT
--m-= H—- WW
—*—'HﬁZZﬁM
-- H—)ZZ—)2|2Q (46f

ERRERSE
NomNe
=2

104 L Interpretation requires look-
§ elsewhere effect correctlon

—n —h =h

110 115 120 125 130 135 140 145 150 155 160
nggs boson mass (GeV/c?)

o
‘ 2
T

CMS Preliminary, \'s = 7 TeV, Combined, le =4.6-4.7f0"

Interpretation requires look-elsewhere effect correction

D +1c from fit | —]

40 145 120 125 130 135 140 145 150 155 160
Higgs boson mass (GeV/c?)
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4&3) :
Conclusions

@ Search for light Higgs boson with ~5 fb™ data collected by the ATLAS
ans CMS detectors was shown

® Several decay modes were used in the search

The flagship: H-vyy

The robust: H - 1t (both ggF and VBF)

The difficult: H- bb

Others, usually considered for heavy Higgs
e H_WW_ 2|2V
e H-ZZ- 4l

© There is an overall good agreement with background only
hypothesis

© Exclusion limits were set for mH>127 GeV (CMS) and 131 GeV
(ATLAS)

© Observation in still allowed range between 115 and 127 GeV In
agreement with both S+B and B hypotheses

o Some excesses observed

o Region preferred by EW tests => next year gonna be really exiting!
26
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Poszukiwanie Higgsa w 2011r. (krotka historia)

Tevatron Run 11 l’rellmmarv, <L>=59b"

ATLAS + CMS Preliminary, \'s = 7 TeV | —s— Observed

=
E T T o e =
i " ©
wn I rP r\(('lu‘ilﬂn ! reval]'_on ~6 Lin =1.0-2.3fb 1[exper|ment - Expected + 1o
= el . Exclusion e A Expected = 26
=10 | e [.,q,emd i e ] g 10 it s _ p x
‘E i e / R S l(z: ?5‘&‘1, = LEP excluded
- :;g ::}p? :$ | e Uﬁ%: ALY [[111Y] Tevatron excluded
=S e T e = HEE A LHC excluded
O 'S) it YN b
&.@ 2 ifﬂ \ ““
0 7o) 1 b ks
=) <@ itite . < LERAEY —
Gueies e 1| R —
1 :Eﬁ:i? R
i i
AT R T . ol L .
HWI lrlan[ ¢lu st ‘.i"h 19, Zﬂlﬂ e % \\\ \\\
10° T AR

100 110 120 130 140 150 160 ”170 180 190 200 100 200HI . bggon m;loo 500 2;)0
| iy (GeV/e ALTAS+CMS eXeItision 95% G.L.
Tevatron exclusion 95% C.L. (Summer'10): (Summer'11; shown at HCP, Dec'11):

158 <m <173 GeV 141 < m < 476 GeV

s 101 T T T L UL R s A A e LR
o - ATLAS Preliminary 2011 Data 7 bg L CMS Preliminary, \'s = 7 TeV | —"— Observed BN
B B Ob . = Combined, L = 4.6-4.7 fo 555 Bxpected t 1o
- - - served J Ldt=1.0-4.9 fb-1 © int ------- Expected + 20
o i - E;(pected o 5 10 LEP excluded E
= sl Ne) o _ -— [~77] Tevatron excluded .

% - 2o \s=7TeV E 7] CMS excluded N
- =
(&) I
X 1 R — Lg
& % ]
= N TR 722 TR - SNt g e @
- § § ..................................... N
[ — \
I | AT
1 CLs lelts ‘ ‘ | | N\ | \ \
10" 706 500 300 400 500 _ 600 10060~ 200 300 400 500 600

M, [GeV]

ATLAS exclusion 95% C.L. (End of 2011):
131 < m < 237 and 251 < m < 453 GeV

Standardowy boson Higgsa wykluczony dla m > 127GeV!

Higgs boson mass (GeV/c?)

CMS exclusion 95% C.L. (End of 2011):
127 <m_< 600 GeV
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- LimiIts

CMS uses the CL_method to set limits on py = o/o_

e Frequentist approach including systematic error evaluation
Likelihood function: Observed Systematics
L(data|u,0) = Poisson (data |1 -s(8) +b(0)) - p(0]0)
o /

~
Expected S+B

Test statistics:

. A D 1B | CMS Preliminary \s=7TeV L,,=0.2-0.9 fb”
) «— f|X var e o Higgs Combination at m_= 250 GeV
Qy — _2 ln E(data“u’ Qiu) “’5 y H« “5 10° F — f(q ) for signal+bkgd pseud;-data (1=2)
A A n __f for bkgd-onl do-d =2
L(data|f,0) < varytand ® 8 | aneagen
O<p<u g 107}
>
Z

—_
o
w

Finally, calculate CL_ (toy MC):

p ([’hl > q;)!bs ‘ ]/ls(é;bb‘) + b(é;bb)) 10%F }QW
CL — N 10
S P (qy Z q(;!bs ‘ b(egbb)) KL’LI\\W“‘IM | |

0 5 10 15 20

95% C.L. is on p value giving CL =1 - 95% gu
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f Significance

To quantify observed excess (above background only hypothesis)
« Same machinery as on previous slide but to test probability of the
null hypothesis

Approximate p-value (probability of the null hypothesis):

p= % [1 — erf <\/q8bs/2>]

where qo‘”’S IS the observed q, value for

%104 CMS Preliminary \'s=7 TeV L,,~0.2-0.9 fb!
the nLI” hypOtheSiS (u = O) %‘ Higgs Combination at m =250 GeV
. o . > 103 _f(qo) for bkgd-only pseudo-data
Significance (Z) corresponding to p-valueé 7 with ot
N S0
2
= exp(—x-/2)dx
p /Z Nor o ) ol
Probability expressed in a's of one-sided normal l;
distribution. |
107 ‘
0 5 10 q,
30
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R0

The flagship: H-vyy

@ The most sensitive channel at low masses despite a small
branching fraction, discovery potential

o Signature: narrow peak in distribution of di-photon mass
« p,;> 40,30 GeV/c (ATLAS); p,/m >1/3, 1/4 (CMS)

 Id based on shower shape, isolation
« Electron veto (to suppress DY - ee)
© High non-resonant background
o m*=2E E (1-cosf) =
om/m = 1/2 (6E1/E1 @ 6E2/E2 ® 00/tan(6/2) )

o Potential of the channel depends on di-photon mass
resolution = excellent precision of ECAL crucial for the search
- Energy calibration in situ: T° - yy, Z - ee, E /p_

« CMS: Monitoring of transparency loss due to radiative damages = time
depended corrections for the effect

o Direction of photons (vertex finding) important
e Signal extraction: fit of Signal+Background model to the di-photon
mass distribution

o Background estimation fully data-driven
Seminarium piatkowe, 16 XII 2011
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H - yy: vertex determination

© ATLAS:

o Direction of photons using shower
position in two first layers of ECAL
extrapolated to beam-line (pointing)

o Conversion track finding and
projection on beam-line

o BTD multivariate technigue used

@ Performance tested with Z - ppu after 2
removing muon tracks (=95

0 50 100 150 200 _ 250
p.(H) (GeVic) 32

o
>
T | | T T
|

¢ 0(2)"‘15 mm 1.r-]Meas;jure
. . . oton direction
o Conversion track findingand | R
projection on beam-line 5 Teducarc® B
@ CMS: Vertex determination based on ————
o Kinematics of tracks belonging tothe & 1‘m~m"'m'"”’ff‘ff”mnmﬂ
vertex Xp_> 3 -~ | ﬁ
T : Cogl o | SO S
o P, balance between tracks in vertex c . 2z <10mm
and photon-pair Sl ]
CMS pr;liminary

o
N
|
92
3
c
8
=
=

o
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® Trigger and photon-ld & isolation controlled e e
with Z - ee using tag-and-probe method tag tight ld&Isoz -~ probe
e
e Electron veto efficiency with Z - pu+y s Y
>

© Energy scale and resolution obtained using mass of Z - ee

o Performed separately for each event category (next slide)
o MC reweighted (smeared) to match data

w
o

3 12000 f? - CMS preliminary
o CMS Preliminary B MC &) L . . n
=] Ns=7 TeV —— MC smeared S - ﬁ%ﬁ Simulation | Simulation
= 10000| L=4.74 b ~—e— data O 25 ]
t B (O T7F — Parametric Model Max(ml)<1.5
g -/ - ee o r Min(R )>0.9
“'" g000 e ) R , °
“barrel-barrel D 20F  oy=138CeVic
6000 Smearing applied < ,,
2 1.9  FwHM =238 Gevic?
a000}- 2 -
_ W 1.0F
2000} -
0.5¢
95 80 85 90 95 100 105

r“‘ee (GEV’FCQJ 09 :3:==:::;;;:z:‘::::::::::'.::::::.'::::::::::‘::::‘::'z’:jé:‘*gsfz:‘ .ui‘?ﬁ"iz-m
o _ 00 110 120 130 3
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5 H - yy: categorisation

© Events divided onto categories
o To optimally explore differences between signal and background
 Different resolutions and S/B
o CMS: 4 categories
* [2 unconverted/rest (R9%)] x [2 in barrel/rest (|[n]|~1.5)]

o ATLAS: 9 categories
 {[2 unconverted/rest] x [2 central/rest (|n|<0.75)] x
[p,> 40 GeV / < 40 GeV] } + [21 converted & (1.3<|n|<1.75)]

p_: transverse momentum of di-photon wrt thrust axis

i

T thrust axis

* R9: Energy of central 3x3 crystals to full energy of photon (super cluster), separates converted

and unconverted (R9 > 0.94) photons. 34
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H - yy: systematics

Source of uncertainty

Uncertainty

Applicable to individual photons

|dentification and isolation efficiency

1.0% - 4.0%

R9 cut efficiency

4.0% - 6.5%

Energy resolution

0.2% - 0.5%

Energy scale

0.05% - 0.34%

Applicable to di-photons

Integrated luminosity 6%

Trigger efficiency 1.0%
Vertex finding efficiency 0.5%
p.> 40 GeV/c cut efficiency 6.0%

Cross-section and

branching fraction

Gluon fusion cross-section

12.5%(scale), 7.9%(PDF)

Fermiophobic: scale

0.5%(VBF), 0.8%(WH), 1.6%(ZH)

Fermiophobic: PDF

3.1%

Fermiophobic: BR

5.0%

Seminarium pigtkowe, 16 XII 2011
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H - TT: Identification of tau-jet

modes (Hadron-plus-strip algorithm HPS)
o 1-prong, 1-prong+m’s, 3-prongs
© Several isolation working points

o Loose, medium, tight

e Additional selection to reject leptons
CMS Preliminary 2010,\'s=7 TeV, 36 pb”

= 0.8
C'U

0.6

0.4

@ Data
OZ—-r<
B W4jets
- ttewk
@aQcD

|
measured t fake rate from jets

T 0 (s) Tan
reconstructed t decay mode

Seminarium piatkowe, 16 XII 2011

hadron

hadron+strip
Aot B e of X

© Reconstruction of individual decay 3 hadrons

CMS Preliminary 2010,\'s=7 TeV, 36 pb"

—

o
(M
|

L PTDR, W+jet

- HPS, QCDy

- o PTDR, QCDu 0

- —# TaNC, W+jet o)
--9--TaNC, QCDu

= HPS, W+jet

3
1073

0.2 0.3

|
0.4 0.5

0.6

expected t efficiency
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H - 11. measurement of efficiency

e Trigger and lepton-Id & isolation controlled | |
with Z - Il using tag-and-probe method tag tight la&lsoz probe

e Tau-jet trigger, Id and isolation efficiency -
with Z - 1T - H+T,

o Not background free: simultaneous fit to u— Z-\P.t9_be
signal and background regions

& FVs=7Tev,L=8796pp'  EHZy —tT loose AB

‘"“"i_passed tau-id ﬁa Bgr. Muon Momentum Scale << 1%
- W1 + jets 1-Jet Energy Scale <1%
CMS Preliminary 2011 - Data Track Reconstruction 3.9%
\§=7TeV, L =879.6 pb’ gén_’f ¥ | Track Momentum Scale <1%

failed tau-ld Lead. Track P; Cut 1%
Loose Isolation 2.5%

Jet 2 1,4 Fakes 1.2%

Lead. Track Corr. Factor 1.7%

Loose Iso. Corr. Factor 2.1%

Fit (Statistical Uncertainty) 2.6%

Sum 6.0%

80 100 120 140 160 180 20
Seminarium piatkowe, 16 X M./Gev [ New! In winter was 23%




® |rreductible Z - 1t estimated form CMS
measured cross-section of Z - ee/pp

@ Main reducible backgrounds estimated with

data from side-bands (I+T ) 3 2200
n < 2000

o WHjets: extrapolated from low P_region =1800F . e
( ..g 1600 k- M ©- 7 <(m,=120 GeVitanp=20)

o QCD: using same-sign control region £ 1400} mmm cecvoves

. @B aco
@ ... or using fake-rate method (e+p) 1200 o
® Other (smaller) backgrounds taken from 800 N
simulation 600 oM Prelminary

o tt normalised to cross-section by CMS, multi- 5
boson to NNLO calculation

-505 5 0 50
P -15 PZ"S [GeV]

{ Wiets signal >

38
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H - T1. systematics

Source Uncertainty Usage

Lepton ID /trigger 1% Efficiency correction factors
Tau ID efficiency 6% Efficiency correction factors
Tau energy scale 3% Shape uncertainties

o(Z - pw/ee) 3% Z - Tt yield normalization
o(ttbar) 12% TTBar yield normalization
B-Tag Efficiency 10% Correction factors

B-Tag Mistag rate 14% Correction factors

Jet energy scale 2-5% JEC in acceptance for BTagging/VBF
PDFs 3% Uncertainty in acceptance
UE/Parton Shower 4% Uncertainty in acceptance
QCD Scale 4-12% Uncertainty in acceptance
Luminosity 6%

Seminarium pigtkowe, 16 XII 2011
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209

Sy
=

VBF H - 1Tt event candidate

b Jet 2 p.= 46 GeV/c

I1'|';..'|. ; oL
=

Tau-jet p_= 69 GeV/c

Muon p_= 20 GeV/c

ME = 97 GeV
™

.

T

CMS Experiment at LHC, CERN

Data recorded: Fri May 20 01:10:36 2011 CEST
Run/Event: 165364 / 356120525
Lumi section: 285

40
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