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Caveats

¢ For LHC | will often only show ATLAS
¢ CMS is broadly similar
¢ But | know ATLAS better

¢ Don't trust the numbers!
¢« What is important is that you understand the principle
rather than getting the right answer
¢ If you want to check Higgs discovery, look at the
papers
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Who am If

¢ | work at Rutherford Appleton Laboratory l
¢ Permanent since 1993
¢ A post | got saying | wanted to look for the Higgs I
¢ | worked on the LEP Higgs search
¢ | am still DELPHI Higgs convenor! |

¢ | have spent some time looking at a muon
collider as a Higgs factory
¢ | was Higgs convenor of ATLAS up to end 2011
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Co-ordinates

¢ pp (pp) collisions are between partons
« Proton remnants carry p, down beampipe

¢« Therefore z component of momentum is of
reduced interest

« Tracker quotes p., calorimeter E.

o S lF N
¢« Rapidity yzglog fe TRy Pichpanels

E-p, ==
¢ Pseudo-yn=Ilogtan(0/2)
¢« Hadron colliders use

not 6,0 but N, mﬂmr ;

Services
.‘n._

Il
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e

¢ y differences invariant under boost
¢ [n massless aprox.y = n

¢ Jet finding/isolation is done using dR distances:
AR? = An? + A@?
¢« This has drawbacks for massive objects

« Ay = An breaks down
¢« Physical size of jets shrinks as n grows

¢« There Is no perfect solution
¢« 50 continuous development

L—____- _
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Some CoIIidErs

LEP [C TeVatron LHC l
Colisons e e 0 D |
Years 19892000 202077 19672011 2010-2012 2015-2022
MaxE Gev 208 210007 2000  7000/8000 13000/14000

ntegrated fumi. 050" Llage 060 0BT 300h
Higgs (125GeV) 1 100K+ 10000 300000 10 |
Hogsreach 0155 0800+ Had 1004000 100-1000 I

e
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Luminosity

¢ Define: @ R=lo
¢ |nteration rate is luminosity times cross-section

¢ For a circular machine nn,

4 AR : n2
— f=n_c/2mr is interaction rate, /

— n the number of particles / bunch o)
— 0 the beam size




& Science & Technology Facilities Council W. Murray P P D 8 ‘_\1
W@ Rutherford Appleton Laboratory r? B
Emittance

¢ Envelope of beam particles
¢ units m x Rad o’

¢ £=TO0

1/€ = brightness

¢ Assumes uncorrelated o,
¢ Higher dimensional emittance

¢ The 6-dimensional particle correlation x,y,z,x', y', Z'

¢ € a conserved quantity (Liouville's theorem):
© Reduce one o, other grows

¢ & Is almost a conserved quantity — is what LHC quotes

¢ LHC has round beams: £X=£y
¢ Normalised emittance: | e,=pye

¢ This Is Invariant under acceleration
¢ Itis so useful, It is often called emittance.
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Emittance exa?mples

¢ All these have zero o
emittance
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More Emittance

Finite emittance
Initially x' small

Lense correlates x,Xx'
Drift to focus makes X
small.

Area IS conserved

———
. -
—— ==
,..--"'"'.".r.— Pzl forus
1.0 i
¥
Lerns exit
0.5+
Faraxial focus
0.0 +— - =
Entrance k
-0.5
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Luminosity and Emittance

¢ Define fas o,/0’,,

¢ This Is the strength of the focusing magnets
¢ 'Low Beta quads'
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Beam Emittance

¢ e*e rings set by synchrotron radiation
¢ Electron machines have no memory’

¢ pp machines limited by beam preparation
— Stochastic cooling
— emittance growth is cumulative

« Beam-beam effects increase LHC emittance during fill
e Actually LHC has some KeV synchrotron radiation

¢ For linear accelerators preparation and beam
blowup contribute.
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Luminosity Optimisation

l:f nan
4\/6 Be B
XD x oy y
¢ Increase f

— Bunch separation, power constraints
¢ Increase n

— Space charge, power, particle availability, pileup
— But quadratic gain in rate...

¢ Decrease 3

— Strong Quads inside detectors apparatus, blowup, beam
aperture limitations, bunch length

¢ Decrease ¢

— ‘colder beams’ improve performance
— But too small and beam-beam interaction destructive
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Other Luminosity limits

¢ Beam beam Interaction:

¢ Each beam feels field of the other: Disruptive if beams
very small (linear v circular collider)

¢ Accelerating power
¢ Available watts of RF power limit currents — not LHC
¢ cooling power
¢ Limit may be keeping accelerator cold
¢ Electron cloud
¢ Positive beam can pull electrons off wall
> They can amplify when they collide with wall
¢ LHC needs scrubbing to reduce this
¢ pile-up
¢ LHC designed for 25 collisions per bunch crossing
> much more will swamp detectors
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Luminosity - practical example [}

¢ Sample LHC 2011 parameters:
¢ 1.35x10%*p/bunch
¢ 2x10° normalised transverse emittance
¢ 1320 colliding bunches, 27km circumference
& [Ebhm
¢ Peak Instantaneous luminosity 2.4 10*3cm>s*
¢ Use 107 seconds in a year (4 months working)
¢ 2.4 10*%cm?/year
¢ 1b = 1028m?
¢ 24fb*t per year
¢ Drop ~ factor 5-10 for filling, breakage, average-to-peak

http://Ipc.web.cern.ch/lpc/lumi.html
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¢ Production via Higgstrahlung
¢« W boson fusion kinematically suppressed (<10%)
¢ But included in cross-section calculations

¢ Established first extensive Higgs limits
¢ Either initial or final Z boson is off mass-shell
¢« Z boson decays characterise state
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Search atLEP | - E_ _=91GeV

-Great effort - which | have = \ et |-
no time to describe P N aLEPL |5 10
. :
‘Many modes: | \\ 3
4 — 10
10 : ™
Stable,yy,ee, U, TULTT,bb | \\
5 — 107
‘Clean Z decays (ll, w) 1o :
used ; \\X
6 N 10
Prior to LEP only some L

patchy constraints

The mass range from 0 to
~65 excluded, no holes.
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LEP 2: 200+ GeV

« Energy raised in steps from m_ to 208 GeV

¢ Around 0.5fb™ of data

¢ Sensitive to Z-»ZH

¢ Therefore approximate reach:
ECOM i 2

¢ Or 115GeV/c?at 208.

¢ In final year energy was raised to 206 then 208.
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The best candidate, ALEPH

[ALI_F1 ECHM=206.7 Pch=83.0 Ef1=154. Ewi=124. Fha=35.9 r01979 7 FuUn=54698  Evt=4881
ALEPH Wch=2 6 EV1=0 EVE =0 EVi=0 ThT=0 61-4 -  2:32 Deib= EJFFFF

0 i (14-Jun-2000, 206.7 GeV)

B jets well tagged plus muon
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Sum of four expehments:

o
Distribution of > T 200,210 GaN
the ﬁ ] £
reconstructed e :
Higgs boson “ FE
mass with a *E * LEP tight
Higgs boson of < L
mass 115 GeV/c? = = s background
4 | [ bZ Signal
: (m,=115 GeV)
3' __ - -
= - 2 L :;u:u.w L1l J_l' *
Red is Higgs, F e o T
If it weighs 1 L I | “‘J I
115GeV | ;
0 S . IS P |=—|i'_"——'—'_'_|_'_r : ;
0 20 40 60 80 100 120

Reconstructed Mass m, [GEV:’EE]
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Higgs then: LEP SM Higgs
¢ Final LEP result:

— 50
&
M >114.4GeV ="
(95%CL) P
20
Excess at 115GeV 10
would happen In 0 :
9% cases without - E
Slgnal 220 E_ _ g:];slzztv::liforbackgronnd _E
- Expected for signal p]us background 7
30 S T N B I

106 108 110 112 114 116 118 120

m,(GeV/c?)
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10° E " T T T T T — 1 T T T T T T 3 9 HD
: S(pp—HX) [pb] g t
I t
= Vg =2 TeV 1
10 g_...t.t ........................................ M, =175 GeV E
i gg—H CTEQ4M
g LTT—
-1
10
-2
10

¢ Cross-sections of order pb
¢ 10fb? data gives thousands
¢ But the background are
|arge t T fusion
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¢ Rates are low
¢ So luminosities must be large

¢ One event in 10*° is signal
¢ 10,000 events is tiny
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Tevatron analyses Channels

¢ H-WW
¢ WW - |lvlv: Most sensitive  , ..
¢ H-bb s Y . s
¢« WH, ZH, ttH useful but g | — ]
hard S 10" NG
¢ H-yy ’
¢ Rare, helps for low mass
v Ho1t 107 E
¢ Hard, low mass,rare \
¢ H-/ZZ B N |
10" 100 200 300 500 1000

¢ ZZ - llll: Cleanest mode
but low rate
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September 2011

Collider Run |l Integrated Luminosity

80.00 14000.00
—_ 12000.00
a . 5
£ e0.00 =t 2
g' - 10000 00=
& -y
£ :
E £
E w 8000.00 £
= 40.00 L. 3
= =
® 6000.00 &
o =
3 o
c 2
£ 4000.00 £
Z 2000 —+ Lo z
3 | é
= 2000.00
0.00 0.00
o 35 65 95 1250 155 180 215 245 275 305 335 365 3050 425 455 480 515 545

Week #
(Week 1 starts 03/05/01)

)\ ekly Integrated Luminasity == R Integrated Luminosity
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Tevatron Major channels

Approximate ranges for channels

ZH -llbb

WH —Ilvbb

WH-WW I
owveny

100 110 120 130 140 150 160 170 180 190 200
M., GeV/c?
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Number of events

W.Murray PPD 30

SM Higgs: WH - Ivbk

¢ Signature: high p_ lepton, MET and b jets

CEMCMUFCMXISQTRKFHX HobiTHobIT

=

GOF Run Il Preliminary { 9.4 )

—e— Data
[ Wecj
[ ] Wsce
B W-bb

L Walf

[ Z+jets

B 7z

B W

I ww

[ Single top (t-ch)
[ Single top (s-ch)
Ctt

1 NonW QCD

2| ) WH (115 GeV) x 10

T PR PETTY PeTeY PR perTareeee e pewes ||
0 0.1 0.2 0.3 04 05 05 0.7 0.8 0.9

BNN output (MH =115 GeV!cg}

) 2H (115 GeV) x 100

Events / 0.08

¢ Backgrounds: W+bb, W+qq, top/tt, Non
W(QCD)
¢ Key issue: estimating W+bb background

* Shape from MC, normalization from data
W(—¥¢v)+2 jets, Tight Double Tag

j © DD, 9.7 fb™
250+
i * Data
i B Multijet
200 V+If
-4 V+hf
150 tt
B single t
i vV
1008 ' M, =125 GeV
- $ (<20)
50

++++++++++

0-_ e :I

-1 -0.8-0.6-0.4-0.2

0O 0.204 0.6 0.8

Final Discriminant
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SM Higgs: ZH/WH -

¢ Signature: MET and b jets
¢ Backgrounds: Z+bb, Z+qq, top, QCD
¢ Key issues: estimating W+bb background

H
© Shape from MC, normalization from data b
= =TT | Er+b-jets 9.07 fb™ SecVTX + SecVTX (SS) SO0k i ZH?“:"‘"?b analy5|? sample (1Igh1 b‘ taQ)
-~ - WDiboson Mwsz+hs [Top - Multijet | LO -
: 10° = - Mistags - Data — Higgs 125 GeVic? (x5) 51' - (b) MJ DT >-0.3 —# Data D@, 9.5 fb
S - CDF Il Preliminary] | O 250~ W Top —
- - CDF 9.1fb" [ reliminary] 3 - .
= - C . e W VhfaVV :
c e e = E200F V+lf. -
o g MR SRR - o B Multijet ]
g 0 S0 ] VH(125)x10 E
i - 100 =
1 —+-
50
10! 1 0 B o e el I .
-1 -08 -06 -04 -02 0 02 04 06 08 1

NN, Final Discriminant
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SM Higgs: H— WW s 'ii

s H_WW - Ivlv - signature: Two high p; leptons and MET

» Primary backgrounds: WW and top in di-lepton decay
« CDF and DO both using NN on many kinematic quantities
» Many independent channels (njets, lepton quality)

CDF Run Il Preliminary I L=9.7f"

o § . D¢ Prellmlnary :
& [ 0s 0 Jets, High S/B ‘ 2.l L=9.7 b’ N
S 2301y, = 165 Gevic? Wij g0 ¢ ew + MET :
2 I Wy wr :
- K ) .
220 W2 i .
B . . EZ 10 = —
150L Opposite-Sign DY : E
- Leptons, 0 jets Oww ] i
ool It — HWWx 10 ]
- ) ) o -o-Data L = | E
: Signal Discriminant : :
5004 i i
B + i _
- 4! = 107 . M, = 165 GeV
= i .—: .—|A. [ S O | | |
0_1 08 -06 -04 -0.2 0 02 04 06 038 1 ' ' ' 08 !

Final Discriminant
NN Qutput
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Tevatron Higgs Combination

95% CL Limit/SM

10

Tevatron Run Il Preliminary, L <10.0 fb™

e ——  Observed E | ' | ATLAS:CMS
2 -x=x=  Expected w/o nggs Tevatron ; Excluslon
= ::g:::;_;::;l....ﬂ_?_ﬂﬁ_x_l?ﬁ_‘?t?@ ________________ el_-AT_LASrI_-_QMS::::::_:::::::::::::::::::::::::::::i
X 2 2 8[| i2sd Expected ffffffffffffff -
I&ﬁﬁﬁﬁﬁiEi,iiEﬁﬁﬁiﬁfiif'ﬁﬁﬁﬁﬁﬁﬁﬁﬁf;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁii;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiijiﬁﬁﬁﬁEXQ!H?!QF‘.I:ﬁﬁﬁﬁﬁﬁﬁﬁiijﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁéﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ:
.._I ....... m gg .................................................................................................................................... ]
L ST R i

Py <

a

4

| aTLAS Exclusion

Coom e o cococoolcocoonooooo oo 5 0 R

Exclusmn Jun; 2012

| I — — | Ll | _J| t | — 1 L — I I | I — I I —

"CMS Exclus

| T — t [ [ | t )

100 110 120 130 140 150 160 170 180 190 200

m, (GeV/c?)

L—____- _




Q.. VAT JHED) S
Tevatron 'Ewdehce for

o)
10°

c—:’U Tevatron Runll,L <9.7f" = 1- -CL, Observed

S int

& oL e 1-CL, Expected

O

-

-

O 1

o)

X

@

m 107
10 E
10° =

100 105 110 115 120 125 130 135 140 145 150
my, (GeV/c?)

« Observe >3.30 for m, 135GeV with 10fb™
¢ 3.10 global significance
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The LHC situation

¢« The 7/8TeV pp energy raises the Higgs cross

section
¢ Factor 10 c/f 2TeV Tevatron

¢ Designed for 10°* luminosity
¢ 7 10* achieved
¢ c/f 4 10* at Tevatron

¢ Decades of preparation continue
¢ 0.05fb* delivered 2010
¢ 5fb*in 2011
¢ 12fb* in 2012 so far
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Data taking in 2012

__ T T T | I T T T T T T . I ; : |
30 Arias minosity s = 8 TeV

3001 [ LHC Delivered E
=[] ATLAS Recorded _

250 m

Online Lu

¢« Peak Luminosity
almost stable
¢ Improvements slow

Integrated Luminosity [pb ‘1/day]

200 I
now m
= g T T T L B e - 1005—
e - ATLAS Online Luminosity Vs =8TeV - - I
> 140 [ LHC Delivered - S0 “ ’:
8 4o [[1ATLAS Recorded ] Yt |1 ' e I .| 1 1
f= - _ " N 27/03 25/04 24/05 23/06 22/07 21/08
5 —  Total Delivered: 11.72 fb - )
- 105 1otal Recorded: 10.97 b Day in 2012
m —
g 8 =
= - i . S8
g o - ¢ Recording efficiency
E — _
3 4 .
3 4 . 93%
2 —
NI e ¢ Less than 10% bad data
27/03 25/04 24/05 23/06 22/07 21/08 by sSu bdetector

Day in 2012
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Pileup

¢ Serious at LHC | l
¢ Fairly stable so far Peak rate
¢ But double 2011

¢ 20 Interactions per event - ATLAS Oniine Lumineiy
¢ 50ns bunch trains

[ Vs=8TeV,[Ldt=63f", u>=195 7

%‘ 602— [ \s=7TeV, [Ldt=521" sw>= 9.1 ]

¢ So pileup also from e :
previous and subsequent £ .- E
Interactions g 2o E

« Affects calorimeters more 10

O_III I I R B PRI AT SRR MR

than trackers 6 5 10 15 20 25 30 35 40
. . e Mean Number of Interactions per Crossing
¢ Simulation difficult as

rates must be measured I
¢ Need to reweight spectra '
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plus pileup
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

L ‘I I | [ I [rerrprere e
¢ Higgs cross-

sections for gluon m;
fusion /
— LHC ;

------ Tevatron ~
¢ At least a factor
10 advantage

106756200 250300 350" 400" 456 500" 550800
B M,, [GeV]
¢ Backgrounds to WW,yy are gq annihilation
¢ pp collider supresses these c/f pp
¢ Effectis small at 7TeV




% ;{Iljri:c;]Z;?gn:é)gxscg'il:tcg:c[abOI’atOl'y ’W
Reminder: Gain fromE_

U WJS2010
5E- L) L] L] L) lllll L L] L] L) l'lll L]

4 _ ratios of gluon-gluon luminosities:
E 8TeV/7TeVand9TeV /7 TeV

w

(i.e. increase in
production rate)

luminosity ratio
(W)

N M M 1 2 a2 a3 al 4 M 4 2 R N A
"0 100 || 100
Higgs M, (GeV) susy Z,W
¢ 8TeV: 10% to factor 4 increases In O
¢ Higgs increased by 30% @

¢« Emittance shrinks by 8/7 as well
¢« Luminosity was slightly easier
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¢ ZZ - |lll: Golden mode o A

¢ 7Z >lw: Good High mass £ & O - E

¢« ZZ - llbb: Also high-mass £ | T ]
¢ H-WW éw ¢

¢« WW - Ivlv: Most sensitive
© H-vyy

¢ Rare, best for low mass 107 :
¢ Hoto \

¢ Good s/b, low mass,rare

10° ' ' -
2
o H N bb 100 00 300 500 1000

¢ ttH, WH, ZH useful but
hard
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SM Higgs mode

¢ Higgs decays to

Bosons

¢ Coupling
structure
favours it

¢ Kinematics
forces quark
decays below
140GeV

120 127 1.5 43
150 390 4.6 16
300 89 3.8 0.04

¢ x BR [pb]

—h
O.

1 0'2

10‘3_

—r
-
TTTTIT

—
LI

\s = 7TeV

H — Fvbb

_ZHaIIbb

WW — Fvag

WW — I+vI'V
ZZ — I'loq

ZZ — [T

ZZ — T

VBFH— 1wt |=e,u

V= VVV

q-= udscb

260

300 400 500
M, [GeV]

LHC HIGGS XS WG 2011
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R at e S 9 proton - (anti)proton cross sections
|

]D; TTTT] T T T TTTTT] il T T TTTT] . T T T ]_{];

/‘"'l'ﬂs" ﬁ.u_"____ —" — 10°

Tev ’mon LHC
10° L AW

¢ LHC backgrounds! o e

10° . AW

10X s
10
2 o (E" >si20)

Every event at a 10
lepton collider Is
physics; every N
event at a hadron N, |
collider is | )
background

Sam Ting  * Fowte-

. 'I_'I ":
evenis/sec for L=10 cm s
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How we search for the thing

¢ |f Higgs boson had been heavy (>140GeV/c?) l
¢ Serious decays to WW, ZZ
¢ These have clear Ieptonic decay modes I
¢« ZZ -4l s frankly nicer, but WW - lvlv more common
¢ The discovery is fairly straightforward.

¢ If Higgs boson is light (<140GeV/c?)
¢ (and it is)
o WW/ZZ still important, but rarer
¢ Use H-vyy
¢ Or VBF H - 11 — can trigger leptons

H - bb is dominant mode — can we find it?

> Not without something to make it stand out
o ZIW+H, ttH

|
|
o
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H-ZZ- 'l

« Golden channel m >190GeV/c?

¢« Above ~200 two real Z's
¢ Down by 125 ZZ*, 1 or even both off shell

¢« Good mass resolution, trigger
¢« Require 4 leptons

3 40F ATLAS
¥ ISOIated’ prompt %35; i[B):::?(groundZZ
¢ One pair 50-106 GeV Sa0r o e e B,
u = r ignal (m Ge
¢ The other variable s e o
\ - %Syst.Unc.
“ BaCkg rounds: 20 H—zZ"' a1
- J5f \s = 7 TeV: [Ldt = 4.8 fb!
¢ IrredUCIbIe QCD ZZ tO IIII - \-s=8TeV:JLdt=5.8fb'1
dominates 10F
¢« Reducible Zbb, tt especially | l
for low masses 200 400 600 '8c|)ol
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Trigger efficiencies (ATLAS)

y

¢ Crucial to a hadron

collider — the trigger
¢ Most channels use single

EF mu1i8 Efficienc
o
~
|

lepton ~20GeV p. ok :

© 3 level trigger system e
¢ L1: 2us, local objects R T

¢ L2: 'ROI' complete o e
information st -

¢« EF: full reconstruction e -

¢ Efficiency plateau oot ovemn Jument
¢ 80% p efficiency o4 o iEeen -

> Multi-leptons give good total o2f ¢ . EF (520 GoV) -

¢ ~98% electron efficiency (i Dig s

¢ Ultimately 99% efficient elociron Er (3eV)




¢ Combined muons

(top)
¢« Combined + segment

tagged (bottom)
¢ Final efficiency good
¢ Difficulties:
¢ N=0 (no muon
chambers)

¢ Nn=1.2 (barrel/forward
transition)

¢ In 2012 use 'stand
alone' to improve to
2.7

o 1 NG T ==
% §6==5=+_%_:A: N I I $H e
5 095 - — =
S0 =
0.85 = . —-— —
0.8 £ ~ % =
0.75 - ATLAS Preliminary = MC =

= 1 < data2011 3

0.7 E_ Ldt=193 pb Chain 1 _E
1.05 _i
% 1 f—o oo o o e o o o o . o ® @ Q_;
0.95 £ ° * . 3

E . , .I ) ) ) | . -

25 -2 15 -1 -05 O 0.5 1 1.5 2 2

5, I = BN B e o s — o oo m—
o - ——t
S o005 B -
09 =
- = =

0.85 [ =
0.8 = =
0.75 £~ ATLAS Preliminary = MC =

= _1 <+ data2011 =

0.7 = Ldt=193 pb Chain 1 E
1.05 E
% 1 f—. .................. ._;
0.95 £ =
2.5 2 1.5 1 05 O O:5 1 1.5 2 2

n
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Isolation eff

¢ Reducible background
iInvolves e/l from b/c
guarks

¢ Is there a jet here?

CMS Preliminary 2011 Vs=7TeV L=1.66"
I

¢ Define cone around 2 """""'""""""é'n;};"""";
- £ 30 iy -
lepton, size AR 5 .. N
¢« Sum energy in cone Wo2sg | ié?.?;?ﬁ; E
- ww _
« Require E_ /E_ <X 20 1| mwz -
¢ Need to optimise 15 B m,=200 GeVic’ 1

selection 10

> Measure efficiency

> And Background °

OOI | I2I | I4I | I6I | I8I | I'IOI | I'12 | I'14 16 18 2:O

R,., R

1s0.3 Iso.4
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Impact parameters

¢ Suppression of b, SR e s T Lo 166
quarks with impact § so v S
parameters 8 7o —HCR
¢ Lepton closest Y Eisigeton
approach to ” W E
proton collision 2z =
¢« H-ZZ > lllhave % R Betle
no decay length 30 -
¢ lepton from b 20 =
quarks have 10 E
~100m impact I S

¢ Plotted is larger 0 5 10 15 20 25 30 35 40 45 50
SIP3D
SIP for I3, 14
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:':.'?.

H-ZZ - M1 ;

T | T ' ' | ' : : |
100 __ATLAS

>
[
(O]
3 - pu/ete F
=
[4b]
=
L

80l 'S = 7 TeV: |Ldt = 48fb1 >

¢ Estimation of background oo T Tevi Lt o)
¢ For ZZ: S0~ & Daa +

¢ Shape from MC (gg,q0) of S
¢ Rate fitted to data with theory 20|

constraint 0 80 00

7

- m,, [GeV]
¢ For non Z+jets, ft: e
. 3 @ B e Data _
¢ Relax isolation cuts A n
> More background 5 sopu-7Tovfia-sew REERC

%Syst.Unc. |

o tt fitted to m,
o Z+jets fitted tom,,
¢ Extrapolate to signal region
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Lepton thresholds

« We wish to explore towards m_=115GeV
« M_=91, so little energy for Z*

« Therefore important to use leptons of low p_
¢ 7GeV threshold used
o (5GeV for muons in CMS)

¢ Need to understand eff, background

¢ Tag and probe used normally
> W, Z must be extended with J/) — ¢

« Backgrounds get more accute at low p..
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Lepton p_ distribution

- mH<<2mZ CMS Simulation, ys = 8 TeV
¢ The decay = O T T T ] :
involves one Z = 009 H— ZZ* — 2e2 E
being far from 008t ¢ 1 m, = 126 GeV =
mass-shell 0.07- ; " Before analysis selection—
¢ The SO.ftESt 0.062— ! After analysis selection —i
lepton is 0.05F; o, =
typically below - | 1 =
10GeV p. PR P E
¢ Need to push e E
lepton OO2E E
momentum 001 28 0 iy e E
range e ]
p,. [GeV

R TRA SRR TR R TR SR SR TR s TR TR
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Lepton isolation/impact pars

N
¢ Nothing in MC Is Z. z
trusted

¢ The efficiency of the
Isolation and impact
parameter cuts Is

checked with data A |
© The Z -y peak G A

allows efficiency 5 et - -

measurement L

¢ But few Z produce :
leptons of only 7 GeV £ 0%

11 | | I | | | | ‘ 1111 ‘ | I | | | | ‘ 1111 ‘ | I | | | |
10 15 20 25 30 35 40 45 50
p, [GeV]
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Selection methods

ATLAS CMS
Minimum lepton p.. 7Gev (e) /6 GeV (M) 7Gev (e) /5 GeV (M)

Mass Z, 50-106 40 - 120
Mass, Z, 17.5-115 12 -120

¢ CMS cuts always a little looser, more efficient
¢ ATLAS efficiency: 36%,21%,18% in yuuu,eeuy,eeee
¢ CMS efficiency 40%,27%,18% In yuuy,eeuu,eeee
¢ 10% higher efficiency in CMS
¢ Backgrounds similar despite different cuts:
¢ ATLAS background expected (120-130): 4.9 I
¢ CMS background (121.5 -130.5): 3.8
¢ 10% less background in CMS per GeV
¢ CMS also uses 'matrix element’
¢ Uses leptons angles & Z masses to separate sig. from
back. l
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Mass resolution

¢ Afunctionofm,, - ot -
S | ATLAS
detector g - Simulation
performance, 20080 o o 1a0cev ‘
- Gaussian fit
lepton type etc S
« Of order 2GeV for 7} m#eeale=emey
Mass b@lOW 200 - m=(129.16 + 0.04) GeV
: 0.041 5 - (2.02+0.04) GeV -
v DOmlnated by : fraction outside * 2c: 22%
natural width 0.02- ¢
above | with Z mass constraint :

80 80" To0 10 120 130 140 150
m,, [GeV]
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2011-05-30 @7:54:29 CEST

Run:
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Event rates 120-130GeV

Signal ZZ7¥) Z4jets, tt  Observed
4 2.09+0.30 1.12+0.05 0.13+£0.04 6
2e2/2u2e  2.29+0.33 0.80+0.05 1.27+0.19 5
4e 0.90+0.14  0.44+0.04 1.09+0.20 2

¢ Five signal expected in ZZ channel now
¢ Twice the non-resonant ZZ background
¢« Non-ZZ Background small c/f sigal
¢ 120% In eeee
¢ 6% In yppp
¢ The Z+ee Is much dirtier than Z+pp
¢ There Is an excess, all channels
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Candidate masses: m vm,

CMS Preliminary Vs=7TeV,L=5.01f"

= F ] Vs=8TeV,L=53 1"
D - [ ] my=125 GeV ATLAS - ——120 T T T T T T T T 50
O, 80 g Bkg (120<m <130 GeV) ) —H >
<+ | v Data(120<m <130 GeV) Hozz" s 1 © -
o L 4l — (D ®4e
£ -0k Vs=7TeV:JLdt = 4.8 fb"' - [ ——_,—,—,,T edn |-
- Vs =8 TeV:JLdt = 5.8 fb" - I ®2e2u
60 .l = R N D A T R
e g i " ] - 1 =130
“m oom “HoE . - .
S50l . gl - - 1 - FRs = WaeE . F - -5 - — .
::;:::::::::2:::2:::.?::;::“';:;; .... N - : 60__ ........................................... A S S S __ _20
40 g o e e = - G- :
o B S e C . B . e P SR B .
SOLEE =" - Al e =M - e« oG E e [, =, ° 1 e
e - - el - B - =Hile o cgell= BB . 3 : | ]

[~ . 20— - W W ® & I |
[FccowsossossssesssoonooaasononnnaonD oo i |— ; ] 1 : |
20L.I. atht .I. Dttt .I. ol L ﬂlﬂ 2,0 9,0 0,0 0y — [ | |'| [ | [ I | |q ||||||||||| | [ | —0
50 60 70 40 50 60 70 80 90 100 110 120

M,z [GeV] M, [GeV]

« CMS plot showed few events with m_, >90 GeV

¢« Had sparked theoretical papers!
« ATLAS version Is reassuring
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o Rutherford Appleton Laboratory

CMS 'MELA'

¢ Matrix element
likelihood analysis

¢« Uses 5 angles and 2
Z masses of the
H-ZZ - llll system

« Background
modelled as ZZ°/Zy

¢« Several events are
125 GeV are seen to
have very high
'MELA' values, K,

W.M o !

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

CMS \5=7 TeV, L=51fb" ¥5=8 TeV, =53 fb’’

L1 | ety |7l |

110 120 130 140 150 160 170 180
m,, (GeV)

\s=7 TeV, L=5.1fb" \s=8 TeV, L=5.3fb"

0
100 110 120 130 140 150

160 170 180
my, (GeV)
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Interpreting the distribution

CMS Preliminary Ys=7TeV,L=505f":Ns=8TeV,L=526fb"

¢ Need a model of < a5 T
L
background o I
¢ CMS use analytic =
functions for %
background b
¢ ATLAS use MC

distributions
¢ Use s,b densities
to define In LR for
each candidate
¢ Sum these o

¢ Compare with
expectation

T e
100 200 300 400 500 600
my, [GeV]
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Statistical interptetation

¢ Non-trivial business, with Frequentist and
Bayesian methodologies

¢ For now ATLAS+CMS quote 'CLS' results I
¢ Derived as a compromise, acceptable to both schools
¢ Glen must have discussed this |

¢ A useful approximation for low rate counting
experiments with negligible systematic errors:

(Z,,)=V(2((s+b)In(1+ s/b)—s))

¢ This is much better than s/vb in the case of low

numbers
¢ Can be used to optimise analyses
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A

Expected limits

. EXpeCted upper Ilmlt §102§I ATLA|S I—Obselrved CL, é
¢ Observed generally I e Elite

[ ]+2c

Vs=8 TeV:[Ldt =5.8 fb"

follows
¢« Except at 125GeV

95% GL limit on cs/csS
o
Il I|

105 T T T T E;: 1
F Ns=7TeV SM ]

LHC HIGGS XS WG 20

1= WW — Fvag E

N o : 1 —1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
107 1E \. \ WW — Tviv = 01 10 200 300 400 500 G \6/5)0
: \\ T . mH e

.'\ ZZ — I'lqq .

o \\ =z~ ¢ Shape reflects the H to llli

6 X BR [pb]

ool \\ =4 expected event rate
ZH — I'lbb Y q-= u%lslgbt :

_4 1 1 1
10700 200 300 400 500
M, [GeV]
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Observed limits

%1 02 :I 1 T T 1 T T [ r T T T [ T T T .
% _  ATLAS —— Observed CL,
c i H>z7""%saq Expected CL,
o
'-'E B \J;S=7TeV:J.Ldt=4.8fb-1 Ei;c | = L L A L L R AN B T T T
—_ — \"IS=8 TeVJ.Ldt =58 fb-‘I o © — .Q 10 " : CMS F’relimin:a T Observed
10E ry
_I ~ -] b — H— ZZ — 4L ] wmmennan Expected
@) . c - fs=7TeVv,L=505f" |@EEE Expected+ 1o
0\0 : 8 .. e Y8 =8TeV,L=526"..| ... Expected + 2
Lc') 'é —..
(@3] =
—1
o
L e -+ = 1
— . Lo
- 3 @ -
10'1"" |||| ||| ||| |||||| 10-1 1 1 N N N Y N N Y I T Y T T S Y T L1
110 200 300 400 500 60C 100 200 300 400 ffOGOeg?O
m,, [GeV] H

¢ Both ATLAS and CMS exclude most of 130-

500GeV

¢« Small expected hole at 170GeV
¢ Excess neat 125GeV
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Observed limits

Q_O 2 [T T T T T T T T T T T T | T T T T T ]
= 107 ATLAS E

o " -
8 - —— Observed H— 272" — 4l .
— 10E e Expected Vs=7 TeV:|Ldt =4.8 fo™=

Vs=8 TeV:|Ldt =5.8 fb™" ]

) 1E
=
©
?
Q. 10"
©
O
3 -
102 = =
a3k : — 1D Fit 7+8TeV
107 & ER —— 2D Fit 7+8TeV =
1oL § . i Wy
ST 540 = y§=7TeV,L=505f" [ |
i._:._._.s_._::. ______________________________________ 7 ......................... _: : é-. v,g= BTEV, L=526 fb71 :_ r'
10'5\:\ 5 El 1 1 1 | | 1 | | \.:\ | | ‘ | 1 1 1 10-5 L .‘:":A:.‘ ‘.‘I..‘......I...‘.H.-'..\.-':‘..I...‘
100 200 300 400 500 600
110 200 300 400 500 600 m,, [GeV]
m,, [GeV] H

¢« CMS sensitivity improved by 'MELA!'
¢« Each has one p-value below 1 in 1000
¢ Both peaks at the same place




& Science & Technology Facilities Council Wo Murray PPD 6 6
W@ Rutherford Appleton Laboratory
Conclusio

¢ Tevatron still interesting
« Vbb excess of ~30 for m ,~125

o ZZ to llll discussed in some detall

¢ Other channels | discuss tomorrow
¢« Combination and interpretation next week
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