Bill Murray

RAL, STFC
Bill .Murray@stfe.ac.uk

ATILAS collaboration



mailto:Bill.Murray@stfc.ac.uk

& Science & Technology Facilities Council W . Murray PPD 2
W@ Rutherford Appleton Laboratory
Outline

¢ Tease Frank

¢ The background
¢« Where Is this Higgs

¢ Higgs discovery for

¢ (low mass) Standard Model Higgs
« Vs=14TeV

¢ Omitted-for2046/14

¢ H+
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900GeV min blas

¢ The pT spectrum % | P, :-SDDMevilm|I*='c;.5:n;hlal1l b)
around 4GeV looks an  § ..t & - 500 Gov
excellent place to 3 10°F
distinguish models 20F

¢ Where is the Sherpa S 1oof
curve for 7TeV? 2 107 ZevTantLs oo

: - o0t ¢ MC09c

¢« Data will be coming 10°F - PYTHIA Perugiao :

very soon..... ok T
1_5:_— D;"ﬂa Uncertainties - | _

[ ==+ MC /Data . -----------

0-5:_ ’ T AR P .
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Di-jet event

A EXPERIMENT

Run Number: 152166, Event Number: 810258
Date: 2010-03-30 14:56:29 CEST

Di-jet Event at 7 TeV

1§
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Why believe in a light Higgs?

« Electroweak fit G e " = 157 e
(Z properties, W 1 WL L ae® - .
and top maSS) 5__ — 0.D2758+0.00035 y
give at 95%: 4- | incl.low G2 data i
M <157GeV/c? = 3- 2
2 _
M <186GeV/c? 1- |
fuitseq i HeLit, 0 _ E:u:clluduladl o W F’relilrnir“lal’iu"_

30 100 300



Q.. ATy HHE
Likelihoods from EW/LEP/TeV

¢ Assumes SM
// : / Higgs is it
/ / ¢ Sum of
likelihoods:
f crude but
. instructive

4 Tevatron P nggs mass

== Sum

<+ Sum no LEP 115 to 120
(145)GeV

¢« Of course
we all hope

24 there is

. \ \ \ more to life..

110 130 150 170
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Probability Density
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« Prior flat in m, yields above curve

¢« Hto WW will reach upper side of this
¢« 3Higgs will not be found without serious

luminosity
¢ Or a lepton collider
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Higgs production

N
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2 e —gg—> H 7
§ " WH ]
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O TEes —ttH ]
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g H
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i 71 10°
my, [GeV?
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Higgs Decay

—h

o = Yeu :
E E _________________________________________________ 2
5 F .
~ [
2 L SN\ o i |
S A U S
%10'15_ ...... E
(] — .
i ATLAS
102 —bb E
- — 1T 3
- —YY ]
i ....WW ]
2z
10°E it E
- | 1
102 10°
0 mH[GeV?

¢ Only decays considered for analysis are shown
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Observables

¢« LHC cannot observe the Higgs
« We can only look for e.g. jets + | + | + E ™
¢« VBF H to WW

¢ VBF H to ZZ to livv
¢ Countless backgrounds (tt, WW plus jets etc)

¢ Interference is a real issue for high mass

¢« Small for SM Higgs ranges
¢ Little studied

¢ Defining the process considered at NLO is not
trivial
¢« 'VBF'is not an easy concept to all orders
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The Higgs Discovery

« |[f Higgs boson is heavy (>130GeV/c?)
¢ Significant decays to WW®), ZZ®)
¢ Clear leptonic decay modes
¢« ZZ—4l is frankly nicer, but WW-=|vlv more common
« Relative sensitivity depends upon m,

¢ The discovery is statistically promising

¢ As Higgs boson is light (<130GeV/c?)
¢ Use rare H-yy
¢ Or VBF H->t1T

« Associated Higgs decays to bb
« WW and ZZ search way off-shell
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Higgs rates: m _=120GeV

¢ Cross-section

gg_>H. . 10 _ times
1 = branching
1. % ratioin
VBF 2" 7 channels
- | & examined
Z/\W+H = 10
ttH I 102

bb T WW ZZ VY
Decay mode
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Higgs rates: m _=160GeV

|
¢ Cross-section
10 times
branching
ratio Iin
channels

examined
10 ¢« WW
_ dominates

¢ ZZ similar
10° « Others fall

gg—H

= Cross-section, pb

VBF

Z/W+H

ttH

bb T WW ZZ VY
Decay mode
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Higgs sensitivity: m =160GeV

gg—H| 30fb™ .

VBF

Z/\W+H

ttH

o

Sensitivity,

I14

—12

1

-

o)

bb Tt WW Z2Z

From CERN-OPEN-2008-020

Y

I

M

©

¢ """ my
estimate.

v Z/Z VVBF surely
possible too

¢ Cross-sections
mimic
sensitivity

agg—H

VBF

Z/W+H

ttH
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Higgs sensitivity: m _=120GeV

-1
ag—H 30fb

VBF

ZIW+H

ttH

bb Tt WW ZZ

From CERN-OPEN-2008-020 (* later)

VY

-

2" my
estimate.

TT VBF
Isolated
Several weak
channels
Several weak
chanels

VBF
Z/W+H

ttH

bb Tt WW ZZ ¥Y
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H to WWO

¢ High rate esp. near

—~ 45
160GeV -~ ] ______ Wit
¢ | had assumed Bruce P S i
: : = — Signal
would discuss this. o - Pseudodata
15 ATLAS
o 201 122_ det=10fb'1
%13?— —=— H+0j, H—> WW— eu 0:..1'. ... Y. 2 T
Ea 16;_ ATLAS —— H+2j, H> WW— eu 0 100 200 300 400 SO?W(Ge\??O
% 141 fL dt=10 fb™ Combined Controls
3 12
" or « WW bkd from |l
i angle
s ¢ W+jets from
" J ] | l 1 | fake rate study
0330 140 150 160 170 180 190

M, (GeV)
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Y*\\\

e-v candidate event "

Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) = 34 GeV

nie+)= -0.42

E,™s = 26 GeV
M. =57 GeV
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-v candidate event

P, (u+) =29 GeV
N(p+) = 0.66
E. M =24 GeV

M_= 53 GeV

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

Lo~ W->uv candidate in
7 TeV collisions
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Higgs to

- e —— S ggfr Ty U Siasiaaasaaseasesessanssonnssnnes
§ 300 ATLAS , E S a0t ATLAS B 9 %% AT W s
2 250 .s|gnal . g iEEI ke bl = D07 :—ih_.m,_mmu,g
= ; m =k = Iredicible = : = -
%t Irredumblebkg : E 165 = " '.' 9 ] g 0.5 __gnmJg.b'gt.'-;; 4
B 200 [ | Reducible bkg 5 i¢&mh | Reducible kg , B u.Si-
12 E E -,
150 iui_ —'——._,__‘__‘_‘_‘_ 3 D‘E‘ _h‘—-._.ﬁ_h — _
100 B W ==
i = 0.2 _
50 %€ = —— e ————
SRS SSE e i e s s TR AT T T T 110115 TE0 i28 130 135 40 145150
110 115 120 125 130 135 140 h}:{5[Ge\1l]50 M., [GeV] M, [GeV]
Inclusive analysis Higgs plus 1 jet analysis  Higgs plus 2 jet analysis

(gluon fusion) (gluon fusion + VBF) (80% VBF, 20% gluon)

ATLAS [:| Iergdusibie bl

owe G production =

) Dd; Dnnm:b-c- bhg 0 Dd;
| processes! |
« Exploit s/b if =

reliable models iggs pius missing
energy (ZH+WH)

—

Higgs plus 1 lepton.
(ttH + WH)
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Higgs to

¢ Large and slowly-evolving backgrounds
¢« Good mass resolution

¢ Can extract background shape from data

¢ As outlined by Glen Cowan: add parameters
© But limit do/dM so peak is not explained away

¢ Even in multi-dimensions
¢ Signal description required to good accuracy
¢ p, N, cosO” dependence

¢« Variation with jet characteristics
@ Such as Jet veto survival probability.
¢ Mass resolution — mostly experimental problem
© Primary vertex charged multiplicity for O jets?
¢« Want predictions allowing coupling variation
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Kinematic Distributions

W.Murray PPD 21
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Material Dlstrlbutlons

¢« Material distribution ﬁ;
makes electron/photon £

energy scale harder
« CDF 0.2 X, in silicon

« DO 4X0 before calorimeter
¢ Needs to be understood

for photon reconstruction g

¢ Electron/photon scale &z
difference from MC a0

1200

¢ Effect on 120GeV H-yy o

600
400
200

0.

1

5_

5 T T [TT T T

ATLAS M services 7]

‘_ CITRT ]
2— EscT

i ix ]

5— [ ]Beam-pipe .

[h 05 1 15 2 25 3 35 4 45 5

|
h -8
=
b ]
(7]

/

gbO 105 110 115 120 125 130 135 140

converted y

Mean=(119.72+0.01) GeV-

6=(1.42+0.01) GeV

M., [GeV]
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In situ material testing

¢ 6 different methods R
g :m:— >
used so far, e.q. - B
. - )
¢ yconversions  _ =f &
¢ K®width 203— -
008 MlnlmumBlasEve\gtS\s_QOOGeV - o
-Q:'_ f ATLAS P%:mlnary A S|mulat|on (nomm 15 E
— 007 - 2
~ - Additional resolutior - o ‘
o) _ _ :
X O.OG_Track Py < 500'MeV O Simulated Extrah ' F w
= - [] Simulated Initial M L
S et ® Data K Method b
004 o % ° 50
- —A— —A— i
0.03|— -
- } —A— —A— ]
0.02=0— —A——/\— Hﬁei
E o —o— 3
001 —O—_ —O0— ]
: O——o0 — —{ =
YA AR R { } TR
5 2 15 1 05 0 05 1 15 2

= DN

]
—
—

Data conversion candidate
MC conversion candidate

MC truth conversion
MC truth Dalitz decay

(Non diffractive minimum bias MC)

Pixel layer 3

ATLAS preliminary

=1 Pixel layer 2

=_SCT layer 1

;gf:

100

¢ Some extra K°
width at high eta

¢ Otherwise <few
% X, missing
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Eveni/ 25 GeV)

H->ZZ—-1*

W.Murray PPD 24

ATLAS

[_-:-:1:'

¥ 910 120 130 140 150 160 170 160 190 200

1

150
GeV/c?

ATLAS

rL-EErt'

130 140 150 160 170 180 190 200 2140 220

My [Sev] Mg [GeV]
izﬁz_-H—.-:'—.—' S ATLAS _E i g- o ATLAS §
u g -izn 180 _[ T : = EDE_-;—D:. 300 _[L-z-:n:' _E
£ = GeV/c? ERE /c? E
. 15E - = 3o0f 3

1of ) = zuf—____— =
£ [ :

:...I...I...I...I...I...I...I...I...I...'
800 720 240 250 2E0 0D 320 340 350 380 400
My [SeV]

SR P I PR I P PO PR PO
P40 150 160 17D 160 180 200 210 220 =230 240
My, [EeV]

v /ZZ dominates 200-400GeV

¢« Dominant backgrounds
¢« Z/Z — well predicted
¢ /bb — contributes at low mass
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+]-1+1-
H ->ZZ-l

¢« Narrow mass peaks like gg
¢« Same questions about signal p, n, jet structure

« Z decays allow more spin analysis

¢ Matrix element style analysis possible?
> But how do we control backgrounds here?
° Impact of detector systematics non-trivial

¢ Public analysis does not separate VBF
¢ Not needed(?) for discovery, but useful later

¢« Low mass Higgs strains channel
¢« lepton ID at low p.

¢ Heavy flavour backgrounds
> Need Zbb background: data plus theory?
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Events/(4.2)

F|tt|ng the mass spectrum

OF T T T T T T T T T T T ~ S0F T
- ATLAS - A
= 2 40f
- | I L =301fb g
20 : . i} B
: I 1 %
151 R : - n
L F N =
B ) ] 20
10 | ‘ i-l * - -
S & e - 101
) FR l Tt L g
0: |||||;||||||11|.11|||||JL]|JT||||| ily 0_- | 1 L PR | : I--." ".J
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
m,, [GeV] m,, [GeV]
f(mZZ) — po—mzz myz—p8 + pl—mzyz pA—mzz

(1+e 7 )(14+e » ) (1+e B )(l4+e » )

¢« Two fermi functions for background
¢ Note the way the way the first changes with selection
¢ |s this a good approach?
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Electron/jet rejection
¢« See ATLAS Conf 2010-005

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-005/
¢ Tight electrons eff. 71.5%

¢ Jet rejection: 1.38+£0.06 x10°

¢ Background surviving:
¢ 29.6% efromZ, W
¢ 44 8% b, C
¢ 11.5% photon conversions, 1° Dalitz decays
¢ 14.1% hadrons



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-005/

% Eiljri:c;]Z:‘ei%nl?ggxggii:tcg:c?_abOI’atOI'y ’W
TRT electron ID

g 200 : I I 1 1 | 1 I I I | I I 1 1 | I 1 1 I I I I 1 1 I I:
o 180K e Data 2009 (\@ = 0.9 TeV) ]
o _ — Non-diffractive minimum bias MC .
‘; 160F [ Hadrons ]
@ = 3 Electrons from conversions ]
£ 1408 ATLAS Preliminary

O
o}

120
100

III|III|III|III|II|1l,,‘

0 0.1 0.2 0.3 0.4 0.5
Fraction of high-threshold TRT hits

¢ Soft electron candidates from minimum bias
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H — tau tau

¢ Should give good s/b If: el T

: : ! ATLAS ]
¢ jet veto works and Is Witk VBF H(120)—tt—Ih
understood Z10; Ne=14TeV, 30753
¢ Also good modelling of Z 0 g %
background — as Bruce said  o™~a]

3 i
s
d
EE —
: P i
*
& ]
3 ]
s - ]
o '-.
. . ]
A 2 |
E |
b A
0

810 ﬂ 1 I LI I rrri I rrri I rrri I rrri I rrri I rrri I 1 If 4:
8 9F ATLAS E o s
S sk Ns=14Tev, 30" 3 pvZéf S
}g e lI-channel ] 0’*.1. . '-‘"1_‘_;,_‘..' - |.....".'"|"-':I'-i'-r- bl L L ITh
7t T Ih-channel - 60 80 100 120 140 160 180
» _F combined ] m,, (GeV)
- 6F 3
Q
© SE =
Qi 4F -

3E E

2F =

1F =

0 1 I L1 1.1 I L1 1.1l I L1 1.1 I L1 1.1l I L1 1.1 I L1 1.1l I L1111 I

105 110 115 120 125 130 135 140
my, (GeV)
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H— 1T jet veto %’ ).

¢« Requires VBF
¢ The jet veto SRS /. _ N
survival is y

debatable
° Underlying B8

Rl -
o Multiple- =
interactions S, |
! EXPERIMENT

° pile-up

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

¢ Need to measure this
¢« Can VBF Z provide enough?
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H —» TT and beamspot

¢ Track jets have

~  distribution
~ N, . per vertex = 2
300 p, > 500 MeV

L Observed width

(/] —IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
@ - -
less pII eup £ sgol. ATLAS Preliminary wg oo 043
(5 - RMS 41.26
> - Run 142193 | 2/ ndf 141/ 151
prObIemS ‘© ~ Saturday Dec. 12, 2009 § Constant 510.4+ 3.9
— _ Onli - Mean -7.987 + 0.254
g 400_ Online primary vertex |l| Sigma 4008+ 018
S
=
Z

© Long beamspot
allows event

Sepa ration B (incl. resolution): 41 mm
> But beamspot is 200
half length 100F
expected .
o But will beamspot okt L L L e
o) -200 -150 -100 -50 0 50 100 150 200
stay short” Vertex z [mm]

Mass resolution depends upon missing energy
¢« Underlying event must be well known
¢ /Z production also measures this.
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ttH, H to bb

¢ s/b poor
- = FTrTTTrrr IRREES REREN LR LR R
N Improvmg & I ATLASA
simulations always S 6F B =
- [Ittbb (QCD) -
S 2 ?dd S g [Zttbb (EW)
complication s ¥ [t .
'Dead’; 3 A =
S. Heinemeyer, A — i
O N =11 BEERTE —
Seattle, Jan 2009 5 11_ ]
2 [ =
ArXiV: 0905:0110 ; e i
ttbb k-factor 1.8 1; Chlo ] e
I_‘I_I_ ] | hslhen laea | oz el 1en s | asabaed ead) | ienshes] e | | s 1ead et | faeaisaias | hslhen :|=|
Increases the Q) 50 100 150 200 250 300 350 400

background m(bb) [GeV]
[Signal too, by 1.25]



cross section [fb/30GeV]
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ttH, H to bb: Doesn’t lie down

1T 1 11 rrrrprororrjprirnri | LI | LI | | L | LI | 1]
- ATLAS-
6 B itH E
- [ Ittbb (QCD) |
5__ ttb'b {EW] ]
n ]t .
4 =
3:_ + == _:
1 ELNR
1+ Sa e

_III|IIII|IIII|IIII|IIII|IIII|IIII|IIIi
Cb 50 100 150 200 250 300 350 400

m(bb) [GeV]

Looks not much worse than Wbb at DO to me
Wait — TeVatron plot has signal shown times 10!

Events

10F

b

E L=27fh' W + 2jets / 2b-tag
%F Do Preliminary * Daa
E[I:—
70F-
ﬁnz—
50F-
aof
30f-
20F-

(W + jetz
Bl multijst
M
Owes

B other
CJwe 10

115 Ge
Higgs Sig

50 100 150 200 250 300 350 400
DiJet Mass (GeV)
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ttH, H—-Dbb

« Control of the background at 5% level required
¢ Impossible to calculate
¢« Can we fitit?

¢ Relating ttjj to ttbb backgrounds will help
¢ ttjj has very similar jj mass distrib«{tion, no signal

¢ |s there more? e.qg.
¢ Does jjbb teach

anything??

0.06
0.04

0.02

1

0.22

! L I
0.0 —eo— tt+jets sample ATLAS

0.18

arbitrary units

N

—+- —e— tight b-tag
—— =+——4— - loose b-tag

II|I I| II]II |I I| LIELLE

LLLLLLLLLLLLLLLLLLL lg

JJJJJJ J L
DD 50 100 150 200 250 300 350
Higgs candiates mass [GeV]

25 -

EE E
1.51 ——_o —4— ¢_—+—_+_§
0.5 5

0 50 100 150 200 250 300 350

ratio
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W/Z+H—-bb:

« WH/ZH at LHC

via subjets

¢ Use boosted
(P>200GeV)
Higgs

¢« Decompose
merged jets

¢« Combined
significance like

Yyor Tt

ATL-COM-PHYS-
2009-351

a b
‘IQzO_—l\(l)ll\\IIIII\-II.l\\Illll‘\II‘\||.|||\|||J—_ ‘I_ 7II(I)‘\IIIII\‘I.I\Llllll\lll\\|||||\|||\\|7
= _[ATLAS preliminafy| [Higgs . 216 ATLAS preliminary : =
&18Fsimulation) [IV+iets | 3 & [ (simulation) N
518 ] %] zHoIH 7

F § [ - —Hi
31 4 WH il Total S = 13.5B = 203 1 g12: ol :gegsg >
~ L ange _ eV o~ L olal S=53B=12. J
..31 2:_ Flange 112-136GeY _: 4(;:210__ Range 104-136GeV ]
04 A — E o [
ﬁ105 : o 8 [l -]
8 - A
] 6r 7
6F . O
e IR ;
2F . 2r N
A (RN NN VAT S IR RIS 1) W Coed i b D D D D D N
00 20 40 60 80 100120140160180200 00 20 40 60 80 100120140 160 180200
Higgs mass [GeV/c?] Higgs mass [GeV/c?]
- T |(?)I LI | T ‘ T ‘ T | T I L ‘ T | LI T
gso_ ATLAS preliminary arr .
% :l(;slmulatlon) " Vajets ]
> - F A
ot0 1 lfHiges |7
93_ Total S=16.3 B=104.2 :
W R Range 104-136GeV |
30 ‘ —rﬂ 7
> ]
N ZH - VvH
20 n

10¥

it
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1A | 11 ‘ L) g | 1 | ]
00 120 140 160180 200
Higgs mass [GeV/c?]
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W/Z+H—bb

¢ This was written off for years
¢ The subjets revivied it

¢ There must be other such tricks for other channels
> Experience with data will bring them out
o But theoretical suggestions are welcome

« Background level needs to be controlled
¢ ybb is like Zbb but with no Higgs contribution

o Can we get around the mass for background shape
- Maybe use V(p, 2 + m?)

© Or just verify simulation — which regime?
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Higgs combination at 14TeV

18 |

« At full energy,

10fb! gives §16|  ATLAS — Sopbinec
good discovery 5., L=10fb’ o
1+1\/1 B WWO] — ev v
sensitivity Sl WW2io evpy
¢ Except below | B
130GeV 3 |
« No ZH, WH i 1 A
> add ~30 at 120 = 5
4 | E =
¢ Nb: ZZ channels fomeillll, s
comparable to WW 2| 7
at 150 and L —
100 120 140 160 180 200 220
190GeV m,, (GeV)
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H —> W*W-1fb" v Vs

¢ Rough Combination of 0j and 2j, H to WW to ||
estimates  °f (g1 2 Mi=130GeVe
© 40 for best c£7t m, = 160 GeV v
mass range = s m, = 170 GeV *
¢ Systematic & [
treatment  ? 5;’ """"""""""""""""""" e N2, A -
¢« ZZ channel 4 g
will add at 3
150/180 13
¢ May even g //'/
let CMS 15_ AS preliminary estimate
help out e T [y

8
\'s (TeV)
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ATLAS options for 2010/11

¢« What would you like us to do?
¢ Real searches in all channels ASAP?
¢« Real searches in all SM channels ASAP?
« Search in WW for 200pb
¢« SM Sensitivity at 7TeV ASAP?
« SM Sensitivity at 7TeV after data cross-checks?
¢« Combined SM studies at 1000pb-

¢« MSSM plane sensitivity:
° At 7TeV? 14TeV?

¢ MSSM plane limits/discoveries:
> 200pb'? 1000pb~'?

¢ Something else?
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Conclusions

¢« We are ringing Peter's
doorbell

¢ |t will be ~2014 before we
Know who answers
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Higgs mass

¢ 120GeV

¢ Higgs to yy dominates
¢ Statistical precision 1.4-1.7GeV per event

¢« 3Dominated by photon scale, O(0.5%) or better
¢ Assumes luminosity ~10%°cm?s™; pileup degrades
vertex reconstruction
¢ 160GeV
¢ Measured by H-=>ZZ-lllI

¢ Resolution 2-2.5GeV per event
¢« 3Dominated by lepton scale O(0.5-0.2%) or better

¢« Non-SM Higgs may suppress bosonic decays
¢ TT has best measurement — outside this scope
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Higgs Couplings

¢ Lifetime/Width:
¢ Standard Model Higgs < 200GeV
Lifetime ~ 10%°s — decay length not measurable

-

-

o But we must check consistency with zero

Width rises with mass
<10MeV below 140GeV
Measurable from ~200
GeV

¢ Branching Ratios:

-

-

-

Much more promising...
But without total rate
Only relative BR's

Accuracy set
by natural width

1 02 § T T | T T T T | T T T T
10 |
1 E_ —-
= ATLAS
107 & s H - yyrecon. width,c —
; o H-— ZZ - puup width, ;
10° = H natural width, I 3
1 | | | | 1 1 | | | | 1 1 | | | | | | 1 | | | | I_
100 200 300 400 500 600

m,, [GeV]
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Couplings Extraction

a . [hep-ph/0406323/ |- f(H.2)
T — (H,W)
¢ Only relative rates can  J%es. e
be measured 0.8
¢ More assumptions S A -
needed . R P—
¢ Here HWW/HZZ 0.6 - 2 Experiments
couplings forced <= SM 05 T det=2‘au fo
values - % _Total width is

0.4¢ '%, “measured”

¢ Find couplings squared - LI aswel
for 30fb, 2 expts, to: 03

¢ 40% W, Z, A and t 0.2 e

¢ 60% for b ok .
¢« Will improve with more Evaluated for a SM Higgs |

data ‘ L1|11t1 I1l:.wuI l1|:au:|”1a|:uI ]1|501 I1a3.u||:al I17'-:l:aI I1eu||:aJ 1'='|-:JJI

my, [GeV]
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Discrimination from MSSM

¢ In many cases several
MSSM Higgs bosons can
be found

¢ |f only one, can we
distinguish from SM?

¢ Use Br. h-»tt/h->WW In
VBF production, c/f SM— A

¢« Ratio cancels production
effects

¢« A>2 in black region is two-
sigma separation

AMHMAX scenario

IIII

T
---------
lllllllllllllll

IIIIIIIIIIIIIIIII
HEpyE= HIIIHIII!.IE

RGO AT IR
.l.-- EpzzimiNEnnR

> 1 Higgs boson

excluded by
LEP (prel.)

100 200 300 400

00 600 TOO B0 S0 100D
M, (GeV)

arXiv:hep-ph/0410112
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Spin Measurement

30""||‘|||‘||||l||llll|lll

¢ All channels naturally s 22> (L)
exclude fermionic source T

¢ H to yy observation : i
excludes spin 1.

¢ ZZ angular distributions will

confirm spin O

I

No. of Events

¢ Low mass: Z* mass — o
distribution
‘ M, GV
\ e kY ¢ High mass: ZZ
DN I VAR decay correlations
[ o Also HoWW I
-

Mass
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Parity Extraction

- U Si ng ZZ Polarisation of the Z Bosons from Higgs decay (100 fb')
angles o Z i_ Eur. Phys. J. C32 , 2 (2004) 209-219 . SM-Higgs
above, « f ;
extract % e H K [t spin1,CP+1
R= LLongitudinal 4 o ﬂf
LLongitudinal el E
¢ 100fb™ g
clearly gives A | | Spin0, CP -
parity g..J-...|||I||[|I||||||I||||||I|||I
200 250 300 . [GeV]

¢« VBF angles also sensitive.


http://cdsweb.cern.ch/ejournals.py?publication=Eur.+Phys.+J.+C&volume=32&year=2004&page=209
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Anomalous couplings

¢« CPO (odd) and CPE (even)
anomalous WWH couplings
could exist in addition to SM
ones.

¢« H to WW decay gives a test

¢« The VBF H—->TT also:

¢ Interjet angle
© High statistics
¢ 10fb' in ATLAS — — — |
© CPE ~ distinguishable with this
dataset

t il
£ 0.061
ik} L
= L
@ 0.05C
N L
n [ |
s u.u4: +
T 4t
® p,03F
* -
0.02F
- _|_+
C +
0,01 +
_+++
Coov o L1
O 0.5

TN I T T T T N A A
1 1.5 2 2.5 3

Eur. Phy. J. C51:385-414 A%

=
P2

=
=

number of events

[=] 5] £ @ o

—— il i — 1 i
| reference distibution GPE
—————e disir
n i |
[ 30 b +
I N T T N T T N O I I O O A R B |
0 0.5 1 1.5 2 2.5 3
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Higgs self-coupling

« Very desirable test of the

theory
¢ Quartic self-coupling 5
drives VeV | W

e
o

LR

> N ol
1“ ‘.‘ ““‘l'-‘f.siv""? e ‘

A i G e s
pp £ +4 ! “*- g LA
. i i r
U5 = 14 Tel

oot Rt e Extremely challenging
I S .+« SLHC required, plus luck
< N ¢ hep-ph/0304015 finds
B - 160-180GeV plausible
o e T ¢ No pileup, fast-sim,

‘ S backgrounds look low

140 160 180 =00

e (Gev) ¢ Now ~ excluded!
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