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Introduction

® One major objective at the LHC: Understand electroweak symmetry breaking
¥+ Many ways to describe it in theory
- Discovery of a new particle by itself might not provide a unique answer
* Model parameters need to be measured to fix predictions
* Predictions need to be tested
= Determination of particle properties will be important

* Properties of the Higgs boson to be determined include:
* Mass, Width
* Couplings to gauge bosons, fermions, itself
* Quantum numbers: Charge, spin, CP
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Mass

® Fit mass peak in H=> yy, H > ZZ - 41
+ Small relative uncertainty:< 0.3% up to m, ~ 300 GeV, depending onfL
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Mass

® Measurement more difficult if H= yy, H = ZZ are suppressed

* Reconstruct mass in H= bb, H = 17 (using collinear approximation):
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@ M, precision observable for SM Higgs,

fixes model predictions (couplings, width...)

@ Further measurements test the SM
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Width

@ Mass resolution >> width of Higgs boson for m; <200 GeV
* direct measurement for m, > 250 GeV, precision < 10% above 300 GeV
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Couplings to Fermions and Gauge Bosons

® Likelihood fit to expected event numbers from ATLAS analyses for 13 channels
® Systematic errors (luminosity, detector effects, background normalisation,
theoretical, PDF uncertainties) taken into account
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Absolute Couplings and Width

» Lower bound onI',, from observation of Higgs boson production
@ Additional Assumption: I'y, < FE,M (V =W/Z), valid in multi-Higgs doublet models
» Upper bound from constraint and measurement of I';/I",, = fit absolute couplings

and I',;, allowing for unknown particles in Hgg, Hyy loops and undetected decays
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@ Use coupling fit to calculate expected exclusion of MSSM parameter regions

Exclusion of MSSM Scenarios

+ Assume MSSM event rates and statistical errors

* Identify regions in which SM shows discrepancy of Ax* > 9 (“36”)
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Spin and CP Quantum Numbers

® No production in Hgg and decay in Hyy for Spin 1
® Spin and CP affect angular distributions of decay leptons in H= ZZ - 41

b \"\ R . I\- = ;’f f;“x
* Observables in H= ZZ - 41: \ e TN o 7

\ K Y f/ /

N \.,\ . 7z \ ;_a Zﬁ jj

+ Angle ¢ between planes spanned \ Y .

\ \ 0, / \\‘ ! /
by leptons —L /o / ut o/
. \"\. e . .f'f '\ f / /
+ angle O between negatively charged
lepton in Z rest frame and Z in Higgs rest frame
E :'CM'Sl'"|"_'3|66(|;l'"\III"L'I_'ﬁ'("Il'ﬂ':)'I"':C\QJ) 5£| L I L R I R R R B
° H> ZZ - 2e2u g 40F My, =3P0heV, L= 1 2 a5 4= 300 GeV. | = 60/fb -
O 35F E g 4F = 1a_contour 3
E E S et —|_|_._.____-—————E Q : e 3]G ¢ t .
> SMvertex +tang /mg g 0= LT e 4 290 YR B N
: — I NI R . 3E f .
, 25F= R e 4= i ]
times scalar CP odd g e : | © 25 :
20 | —scalar (5=0) = C \ .
coupling contribution 5L pseudosc. (E|=n/2) L E ]
- G=T E OF ,u g
_ — 10:_ """ E_F-TU'4 zz bkg e 1% I,-'I » I".I %
° tt, Zbb backgrounds SW AN \: NEE
suppressed by cuts Q)3 S A PR T s S R
01 -0.8-0.6-04-0.2 -0 0.2 0.4 0.6 0.8 1 A5 05 005 TS

cosb &

C. Ruwiedel Prospects for the Determination of Higgs Boson Properties at the LHC, SUSY2007, 28.7.07 8/13



Spin and CP Quantum Numbers

®* H=-> ZZ - 41, test for combinations of Expected deviations from SM
Spin and CP quantum numbers divided by expected SM uncertainties:
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® Parametrisations of angular ior e ombination
C e C = e Polarisati
distributions used in fit: 8- crarisation
6F
F(¢p)=1+x-cos(¢p)+B-cos(2¢) S "
- ane Angle
2 ) 2
G(0)=T-(1+cos (0))+L-sin"(0) - / e
97200 250 300 my [GeV]
_L-T Significance for exclusion of Spin 1 CP -1 - 100fb" |
- o 10 Combination
L+T 8E- Polarisation
= F 6
fE F 1 -
3% [EATLAS 100 fb . SN-Higgs A
- - * 2 ;_ _ Plane Angle
R e e i Spin1,CP+1 0200 250 300 m,, [GeV]
& 0: | Signifigance for exclusion of Spin 0 CP -1 - 100fb" |
- Ggg; T —— __ Combination
0.5 25E- /"f Polarisation
- 205
n : ) 155
A 3 Spin 0, CP -1 102_
A P T T T T T e Plane Angle
200 250 300 . [GeV] 200 250 300 my [GeV]

C. Ruwiedel Prospects for the Determination of Higgs Boson Properties at the LHC, SUSY2007, 28.7.07 9/13



Structure of HVV Couplings

® Study of HVV (V = W/Z) coupling structure in VBF, using fast detector simulation
@ Scalar vertex with SM + CP even/CP odd dimension 5 terms

@ Observable: AQ between tagging jets

@ X2 hypothesis test to determine dominant coupling
@ Channels: H= tt at m; = 120 GeV

Signal H = WW, high statistics, after cuts:

fraction of events
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Structure of HVV Couplings

@ Test repeated for 10 000 Standard Model pseudo-data samples
CP odd coupling hypothesis:

® 300 CPO Entries 10000 E 900 cpPo ;';::’S "_]10_%':
= } H- W o FHot T RMS 1.156 ++
E 250 ++ 30 fb E 800 £ 30 b Underflow 8 .|.'|' }
& r +_I_ & 7001 Hoo+
S 2001 } ; 600 t
8 +H"|' 2 s00F iy
£ 150 } . : + t
S - <« 5% £ 4000
< __ +'I' C 5a ++
100 ' 300 +
L € 5c -
50 H'I' 2001 ++ 5%
- tr, 100F oS
D_||-||||||||||||'||"1""-—-— el 0 Ll . '"—mﬂﬂI|IIII|IIII|IIII|IIII
14 -12 10 -8 6 -4 -2 0 s~ 7 6 -5 4 3 -2 1 0
log. ,(x* probability) log, ,(x* probability)
@ Median deviation of SM from CPE CPO
* H> WW 10 fb!: 540 460
* H> 1t 30 b 250 200

C. Ruwiedel Prospects for the Determination of Higgs Boson Properties at the LHC, SUSY2007, 28.7.07 11/13



do/dAg;[fb]

@

Structure of HVV Couplings

® Likelihood fit: SM + contribution by CP even effective coupling
@ Observe interference in AQ;; distribution

Signal, high statistics: Fit results effective coupling: Pulls of fit results:
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Expected sensitivity (g1%% = 1/cos’8,, gives SM cross section for pure CPE coupling):
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10% uncertainty on background rate: additional uncertainty of order 0.02
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Summary
® Mass measurement considered possible with relative uncertainty of 0.1% - 1%

® Higgs boson width directly accessible above 250 GeV
+ Fit below 200 GeV with assumptionT, < T)M

* Expected precision <10% (direct H = ZZ), 15% - 50% (fit)

@ Determination of relative widths through fit to results from different channels
* Fit of absolute couplings possible with additional assumptions
* Typical expected precision few 10%

@ Spin, CP determination in H=> ZZ - 41 studied for masses above 200 GeV
* > 50 discrimination between SM and non-SM cases above 230 GeV expected

@ Structure of HVV couplings and CP properties studied in vector boson fusion
* > 56 exclusion of non-SMcases at 160 GeV, > 26 appears possible at 120 GeV
* Fit sensitive to interference between SM and CP even effective coupling
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Channels Used in Fit of Couplings

Production Decay Mass range
@oe,. GF: H — ZZ™ — 4] 110 GeV - 200 GeV
_m;& =~ Gluon Fusion | H — WW® — [yl 110 GeV - 200 GeV
o (g9 — H) H — ~~ 110 GeV - 150 GeV
e \-‘\-iBF: H — Z,Z{t) — 4 1:10 Gre\ - 200 Ge\-“:
W.Z\}_ b Weak Boson | H — WWW — [ply 110 GeV - 190 GeV
W,z Fusion H— 717 — lvvivy 110 GeV - 150 GeV
T (qq H) H — 77 — [vv hady 110 GeV - 150 GeV
H — ~~ 110 GeV - 150 GeV
woel, ot ttH H — WWW®W — lviv(lv)| 120 GeV - 200 GeV
> A - H — bb 110 GeV - 140 GeV
SLh ;__"“E“-- H — 77 (not included) | 110 GeV - 150 GeV
H — ~~ 110 GeV - 120 GeV
. w2z WH H — WW® — vy (lv)| 150 GeV - 190 GeV
RN H — ~~ 110 GeV - 120 GeV
. ZH H — 110 GeV - 120 GeV

C. Ruwiedel Prospects for the Determination of Higgs Boson Properties at the LHC, SUSY2007, 28.7.07 14/13



References

CMS Physics TDR, Volume II, CERN-LHCC-2006-021
ATLAS detector and physics performance TDR, Volume 2, CERN-LHCC-99-015
J. Cammin, M. Schumacher, The ATLAS discovery potential for the channel ttH, H to bb, ATL-PHYS-2003-024

M. Diihrssen, Prospects for the measurement of Higgs boson coupling parameters in the mass range from
110 — 190 GeV/c?, ATL-PHYS-2003-030

M. Duhrssen et. al., Extracting Higgs boson couplings from CERN LHC data, Phys. Rev. D 70, 113009 (2004)

C. P. Buszello et. al., Prospective Analysis of spin- and CP-sensitive variables in H— ZZ — [;1;1;1; at the LHC,
Eur. Phys. J. C 32, 209 (2004)

C. Ruwiedel, M. Schumacher, N. Wermes, Prospects for the measurement of the structure of the coupling of a
Higgs boson to weak gauge bosons in weak boson fusion with the ATLAS detector, Eur. Phys. J. C 51, 385 (2007)

C. Ruwiedel Prospects for the Determination of Higgs Boson Properties at the LHC, SUSY2007, 28.7.07 15/13



