Higgs at LHC

Guenakh Mitselmakher

University of Florida, Gainesville

« Talk based on CMS & ATLAS studies, emphasis on recent results
* Introduction: Status of LHC, ATLAS nd CMS

« Standard Model Higgs

* Higgs in Minimal Supersymmetry (MSSM)
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e LHC accelerator

— Final design for dipoles
— Pre-series tested

« Schedule (optimistic)
— 04/2006 (pilot run)
— 08/2006-03/2007 10fb -1
— -> 2008 30fb ! /year/experiment
— afterwards 100fb - /yr/experiment

 Few months potential delay

— Rate of superconductor
production (world production
capacity limited)

— Funding issues
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Status of generallpurpeSse
experiment

 Both ATLAS and CMS optimized for Higgs detection

— Higgs — major reference process in design of both detectors

— All signatures “detectable” : e/p/t, vy, jets, Emiss

« ATLAS and CMS detector subsystems
are in production (except parts of Trigger and DAQ)
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bn a personal note: CMS MUGRisyster

Test installation of a Cathode Strip Chamber
(CSCs in full production, >100 out of 400 produced worldwide)
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Si%ulation of Higgs In ATLAS & GIVIS

— In most cases full (GEANT) for the benchmark channels,
Including trigger simulations for the signal and background

« Typically no K-factor used (0, ,/0y, o~ 1.1-1.9) —
but if included generally makes S/VB better

— Emphasis on the channels, suitable for the high
luminosity

— Discovery definition: 5 o(S/VB) per experiment / channel
— Systematical errors estimated in some cases

— Simple cuts, no Neural Nets — makes results more
transparent, particularly when the
background is not known well
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SM Higgs: pr

 Production mechanisms & Cro
« 10 000- 100 000 Higgses produced /year
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SM Higgs: final
and Branching r

For my < 2m,

. ttH - Ivbbjj+bb

* H - yy(direct &
associated)

e H - ZZ* 5 4]

* H o WW* S Ivlv

New studies:

« qgH - WW* S Ivlv (VBF)
* qgH - T - l+T1-jet (VBF)
* qqH - 1T - I+l (VBF)

For my > 2m,

H - ZZ - 4l

qgqH - ZZ - llvw (VBF)
qqH - WW - |vjj (VBF)
qqH - WW - Iviv (VBF)
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SM Higgs discovery.

summary.

« All masses (100 Gev — 1 Tev) covered
— In most cases a few months at low luminosity are adequate

Signal Significance
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. ttH  ttbb — Ivb+bjj+bb

«Conpl ex final state :

*Bckd reduced by 2 tops
reconstruction and B-taggi ng

*A(m,) ~ 15% may be

W th tracker (?)

econpl enentary to vy
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SM Higgs — low massi(cent)
CMB 30f b- /

e H - bbviattH (cont’d)

S=38
-  CMS study "
- Use likelihood SHCMS Iy Le=ow
for t decays & event kinematics oy A
T B
i ,' * 1__*;:'
« Hovyy decay is rare (B~1073) il e,
— good resolution essential W e i i 2000
— reason for LAr/PbWOQO, o
— CMS: at 100 GeV, 0=1GeV 5™
« S/B=1:20 T
- CVB
& | 100f b-1
4900 K=1.6, S/B
" 11a 13:1“[.35ij 140
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o HoZZ o070 040 (L=e,p)
— Very clean
 Resolution: ~ 1 GeV

— Works for the mass range
130<M_,<500 GeV/c?
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Recent studies: S
Vector Boson Fusi

 Proposed by D. Zeppenfeld et al.

- 20% of gg-fusion

.
\

q : :
¢ \ Wz - better trigger, better signature
H° (2 forward jets, low central activity)
W7 - measurement of couplings (Htr), ',
| / \ - detection of invisible Hiaas
qaq / QSq N ool
- g 09 [
:._:EO_S —
.%0-7 - A ATLFAST no pile-up
0.6 |
° . . = - ® Full simulation no pile-up Ep>15 GeV
Forward Jet tagglng 0? : 4 Full simulation with pile-up
— Full simulation o Ml
— High efficiency, low fake 2 - 3 3'5 " Pacadonapidity

 Doubl e tag efficiency
 Fake double tag < 1% @
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recent studies: VBE, Higgs==VVA,

ATLAS, epn, 10
e ggH -ggWW = qqiv v m, = 160

— Backgrounds: tt, WW cont.
— Cuts: p(tot) & jet veto

my (GeV) |130 150 170 190

S 10 30 55 40 :
S/B 03 09 15 11 ol
S/VB 14 50 88 63 :

x] 30 oo 130 200 23

my (G2V)

m, =\/2 p; E.™ (1-cos A@)
— Counting experiment @ low mass
5% systematics included in B
— Good S/VB at the WW threshold: max signal & good

background supression based on V-A spin correlation for
WW, charged leptons emitted in the same direction
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recent studies: VBE, HIgQs-—i

« Important for the Higgs couplings measurement
« dqgqH - qq 1T -» qq+ivv+jv

— Selection and cuts similar to WW

— T reconstruction using
collinear approximation

— Systematic errors to be
Included

— Ivv, lvv channel has been studie
— CMS fast simulation confirms
parton level estimates
by D.Zeppenfeld et al.
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e Mass measurement
— Limited by absolute energy
scale

» leptons & photons: 0.1%
(with Z calibration)

e Jets: 1%

— Resolutions:
 Foryy& 4/ =1 GeVIc?
* For bb =15 GeV/c?

— At large masses: decreasing
precision due to large I',

— CMS = ATLAS
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SM Higgs properties: Widta
(for M,;>200/Gex

« Width:

— Direct measurement for

M, >200 using golden mode
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L SM Higgs propertim
for low M, ,indirectm

« Combine measurements of several Higgs channels
In VBF and gg production: gqgq-qgH, gg-H
— Can measure the following: Xi=T,[:/ll from qq-qqH - qqii
* Here:i=Yy, 1, W(W?*); precision~10-30%
— Measure also Y= T [,/ from gg »H - i
* Here: i =y, W(W*), Z(Z*); precision~10-30%

— Ratios of X; and Y, (~10-20%) - couplings
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SM Higgs properties =ratioNe];

couplings

« Systematic uncertainty: luminosity dominated?
* Relative couplings statistically limited
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Problems with the SMIHIGES

« Quadratic divergence of its mass

J=1 r‘:‘=1 12 O J=0
nr {p1)=mni+ P ¢ * U *

m? (pz) — m? (/\2)+ ngf:)\:dkz

— A is a cutoff momentum
— In other words: why is the Higgs mass low?

« With SUSY, quadratic divergences disappear:
* Aslong as M =M,

« SUSY requires more Higgs-like particles
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MSSM Higg
choice of para

« 5 Higgses in Minimal Supersymmetry (H*;H°,h0 A9

« 2 charge, 3 neutral: 2 CP - even (light h and heavy H), and one
CP — odd ( heavy A)

« SUSY has a lot of parameters, but only 4 are important for the
Higgs sector in MSSM!

— At tree level, all masses & couplings depend on only two
parameters (usually M, & tanf3)

— Modifications to tree-level mainly from top loops

— Additional parameters:
1: SUSY particle masses:

(a) M>1 TeV (i.e. no decays of the Higgses to sparticles); well-studied
(b) M<1 TeV (i.e. allows decays of the Higgses to sparticles); “new”
2: stop mixing:

Maximal-No mixing
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Myicas (GeVic?)

I\JISSM Higgs masses (as
For high M, — decoupling limit regime: M,_,=M,(max
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MSSM: h/H pro

« Couplings: important dependenc B
almost excluded by LEP). Associated bb enhanced,

g hH RV AVAVoV b 9
hH | Wz b ,
b h,H 'JJ\' h,H
g tt,b,b q Wz g - g y
M. Spira et al. b
| | |

I [ T T T T
o (pp—h/ H+X) [pb]

o (pp—h / H+X) [pb]

Vs =14 TeV Vs = 14 Tev
M; =175 GeV M, = 175 GeV
CTEQ4 CTEQ4

tgp= 1.5 tgp3 = 30

100 200 500 103 50 100 200 500 103
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MSSM: h/H/A decayss

Branching raties
Branching ratios for h as

SM in decoupling limit
H,A different from SM

for A and tan3 = 40
shown - , ! '
— Decays to bb (90%) & Tt A X4
(8%)
 Decays to cc, gg
suppressed

— Decays to top open at low <% - : th
tanf 3

WWI/ZZ channels ] T

suppressed for A o
(everywhere) and for H : :
(at high tanf3) — lose A e foreden

200 300 400 500 600 700 800 900 1000

”“lllen modes for H._ A A mass (GeV)
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MSSM Higgses —

 Most important channels being investigated:
— hoyy,bb (in tth , Wh — recalculation from SM simulation)
— h,H, As 1T - (e/w)* + hadr+ E Miss
> et + U+ Emiss gg —higgs and gg —bbH o,
- hadr* + hadr- + E;™ss
— H* - v, (higgs from t decays, M, <M )
— H" > 1"v and H* - tb (for M;>M,,,)

top

- H A - )~(02>~(02,)~(0i)~(0j,)~(+i)~(_j o

— H* o XX% new and promising

« Channels contributing at low tanf3 are not
considered here, since this region is practically
excluded by LEP
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* Very promising modes for H,A (BR 8%)

— T’s identified either in hadronic or leptonic decays

o

o

£(H(200, 500 GeV)5 T, 15 1,3h+X)
o o

o
.Ooo.ob.ocmn.oc».oxl.o

Mass reconstruction: take lepton/jet direction to be the 1 direction
Dedicated trigger with calo and tracker developed in CMS and ATLAS
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a) gg = H'th, HY > 1v, t = qqb

b

« Associated top-H*

production:
— Use all-hadronic decays of the
top (leave one “neutrino”) NPRPPSRNNI
— H decay looks like W decay — \ }'““‘Em”
Jacobian peak for t-missing E; f b
— Trigger on 1-jet & missing E; g | <Zj
CUtS: a pp — tH™, HE ™. L — qgb 1
ET(jet)>1OO E . m,, = 400 GaV, tanfi = 30 -
& Ly =100 fbo—1 _
<2.4 Ay
I .
Veto on extra &
jet, and on i
W 5 cms
second top
Bkg: ttH ! . m,szmer'gfﬂﬂaﬂm v
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Reach in M, - tanplane:

H+ decays and H,A — TT cover substantial area

Still large area is covered by h decays only (recalculated from
SM) — difficult to separate SM and MSSM in this area

« Higgs decays to sparticles may help
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Observability of

SSIVIFHIGE

MSSM Higgs bosons

B \
. ]
i e

|-h

3

tang

&
M

] 3 Higgs
] 2 Higgs
] 1 Higgs

5s

Assum ng decays

to SMparticles
Decays to sparticles
not shown

A, H nasses
Separation difficult,
future studi es

Guenakh Mitselmakher, La Thuile, March 2002 29



MSSM Higgses: decays intaiSUS)

-

particles
» If SUSY <1 Tev, HO— X%X%, X*X
- R, R0

tanfl = 10, A, = 1400 GeV, j = - 250 GeV, myq, = 200 GeV

1 '

Four isolated leptons

i L]
Eslinal 1id
\J_' Wit 1120
. | == signal
; 100 fb~" ; | HY mass (GaV)
Central point in M5S5M parameter space |
[ background M, = 350 GeV  tanfi=5
- M- = 250 GeV = - 500 GeV
L] -l_l] .:-I |_| l-l I_hl - e - lr J t J-I I
" M-l,,- 60 GeV M = 110 GeV
Four-lepton mass e
T Ly
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tt, ‘t%HIb, HT — 7
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*H ggs Mass "3?; ke =300 85"
h - use SMchannels, in particulef [ wus. ™, = 150G
Mya~ -1%in pu - the best channel g

etanB - nmeasured by mass and___— 7
cross section measurement for H, A 1 " Nganranens
e W dt h: can be neasured for 1

My/a >150-200 Gev and | arge tanf

wth HA- - pu tanf
=90
10 10 = ol
H width 3 %
widt < £ :
ol | A width
[
HDECAY HDECAY
10 E 10 e
i a8 oo e e s s sk 5o
My (GeV) M, (GeV)
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On-going and future studr

— More simulations of the decays into sparticles

— H spin ( e.g. using angular correlations in 4l decays)

— A/H separation (mass difference —only al low masses, to use CP?)
— CP-violation, CP-mixing (different Higgs couplings to W/Z bosons
— CP accessible at “medium” tanfd with high statistics (?)

SUSY: complex breaking parameters in the
Stop/Sbottom/Gluino sector ? Then:

Mixing between 3 neutral states is possible
“h, H, A” -H,, H,, H; mixed CP states
Higgs couplings to W/Z and fermions differ

CP violation study of Higgs sector may be relevant to the
mechanism for EW Baryogenesis

— H ggs self couplings (experinents may have to wait
LO) :

SM tens of events with 10 years of LHC in WWW
(ATLAS, prelimnary) ..hard

MSSM — H-hh—bbbb...
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SM Higgs

— Discovery over full mass range with > 10fb-!
— LHC/Tevatron competition in ~ 2007 ?

MSSM
— At least one Higgs can be discovered experimentally anywhere
in the MSSM parameter space

* In large area difficult to distinguish between SM and MSSM, Higgs
decays to sparticles may help — studies continue

Higgs properties measurements

— Masses, width, couplings, tan3 can be measured in broad area
of parameters

— Interesting studies remain to be done...

Thanks to many CMS and ATLAS colleagues, who performed
the studies, and in particular to A. Nikitenko, K.Lassila-
Perini, D. Denegri, F.Gianotti, L.Poggioli, P.Sphicas and
K.Jakobs for providing material and discussions
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