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LHC wedge: only one light SM-like higgs boson h can be seen

CMS, 30 fb ™

1 =300 GeV/c %, M, =200 GeV/c ?
A, =6 TeVic2, Mgygy = 1 TeV/c 2

- TT - lepton + 1 jet

\ H,A - TT - two leptons+X

HA - TT - lepton +Tjet + X

m,(GeV/c 2)

Photon Collider offers unique possibility for precise H/A studies
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Analysis of o(yy — higgs— bb) measurement

LCWS’'04 Paris:
NLO QCD background vy — QQ(g) (Q=c,b)

realistic yy-spectra

b-tagging

overlaying events vy — hadrons (OE)
crossing angle

primary vertex distribution
results for MSSM at M 4 = 200, 250, 300, 350 GeV

with tan 8 = 7, M2 = u = 200 GeV (following M. Muhlleitner et al.)
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Analysis of o(yy — higgs — bb) measurement

vy — WTW ™~ background contribution (polarized cross section)
vy — qq (¢g=u, d, s) background contribution (unpolarized cross section)
vy — 777~ background contribution

Full optimization of cuts

results for MSSM at M 4 = 200, 250, 300, 350 GeV
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Photon-photon spectrum: CoOMPAZ

Signal: HDECAY, PYTHIA

Background:
NLO vy — QQ(g) for Q=c,b (G. Jikia)
vy — WTW ™ (PYTHIA + polarized cross section)
vy — qq for g=u,d,s (PYTHIA, unpolarized cross section)
vy — 7717 (PYTHIA).
Overlaying events vy — hadrons (PYTHIA) with realistic y~-luminosity spectrum (V. Telnov)

Parton Shower (not for QQ(g)): PYTHIA
Fragmentation: PYTHIA (Lund)

Detector performance: SIMDET 4.01



o =/ 1(02 + 02 tan® (0 /2)) o) =0,/v2 o = 0, /v/2

Bunch: oz =140nm o, =15nm o, =0.3 mm




Cross sections Angular Er-flow per bunch crossing.

PYTHIA 6.214: Total cross section yy — hadrons Transverse energy per bunch cr ossing
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Reconstructed energy per bc
vy — hadrons

Probability / be / 20 GeV
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V sce = 210.5 GeV; Nog/bc ~ 1 / See =419 GeV; Nog/bc~ 2




Final results for the SM Higgs boson

Ao/o =2.1% T Higgssignal

M, =120 GeV
Background:
B bb(g)
B co(9). _
Bl uuddss
] 1
1 resolved

_ -1
Total L,, =410 fb

Number of eventsper 2.5 GeV bin

For M; = 120 GeV precision from constrained max. likelihood fit: 2.0% stat., 1.8% syst.



Final results for the SM Higgs boson

B thisanalyss
noyy-qq (g=u,d,9), yy— 1’1, resolved
no yy—W*W-

no vertex smearing

Aolo for yy—h-bb [%]

without OE

150 155 160 165
M, [GeV]




LHC wedge

-1
CMS, 30 fb
1 =300 GeV/c %, M, =200 GeV/c ?
i
Q A, =\6 TeVic2, Mgygy = 1 TeV/c 2
S

T = lepton + 1 jet

- T

- TT - two leptons+X

T - lepton +Tjet + X

500 600 700 2OO
m,(GeV/c )

From: CMS NOTE 2003/033
(the same results as in newer CMS CR 2004/058)
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We consider following MSSM parameter sets:

Symbol | p [GeV] | My [GeV] | Az [GeV] | M;[GeV]
200 200 1500 1000
-150 200 1500 1000
-200 200 1500 1000
\Y; 300 200 2450 1000
and —as in M. Muhlleitner et al. but we take higher Arto have M), above limit

— an intermediate scenario
IV —as in CMS NOTE 2003/033



OE suppression: clusters & tracks with | cos8;| > cosf ¢ = 0.85 ignored
Wiee > 1.2WE"
Jets: Durham algorithm, y..: = 0.02
Njets = 2,3
for each jet: | cos6;.:| < 0.65
|P.|/E < 0.06
Rejection of WTW ~ events:
for each jet: M.+ < 65 GeV
energy below 0 r¢: Erc < 80 GeV
for each jet: Ny > 4

b-tagging: ZvToP-B-HADRON-TAGGER (T. Kuhl)

Correction for crossing angle: jets boosted with 3 = —sin(a./2)



higgs-tagging: a cut on the ratio
of yy — A, H — bb

to vy — bb(g), cé(9),q7 (¢ = u,d,s)
events

En = 53%
Ebp — 47%
Ece = 2.9%
Euds = 0.5%

Without OE

= e = 57%
Ebb — SYAZH
Ece = 1.8%

Euds = 0.1%




M [GeV] o [GeV]
without OE -35 8.2

u[Gev]
without OE 0.1

with OE -4.9 11.9 with OE 0.7
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Number of events per 3 GeV bin

Weorr = A/ W2, + QPT(E F PT)
Acta Phys. Pol. B34 177 2003, hep-ph/0208234
Gaussian fit from p — 1.30 to 4 1.30.




LO cross section for signal and interference term.

=
N

Cross section (pb)

Interference with vy — bb is less than 1% of the signal even after higher order corrections
(M. M. Mahlleitner, hep-ph/0008127)



Number of eventsper 2 GeV bin
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Reconstructed events




Reconstructed events

(&)

Number of eventsper 2 GeV bin

tan 0 = 3
Mg — Mas ~ 6.8 GeV



Without OE, without vv — W+w—

Ac/o =7.6% I H+A signal

M ,=300 GeV
Parameter set |
tgp=7

Background:

B Dbb(g)

B cc(9). _

Bl uuddss

(0]
o

(o))
o

_ -1
Total L, =808 fb

Number of eventsper 5 GeV bin

350 375 400
W, [GeV]




With OE, without vy — WTW ™

Ao/o = 9.4% E H+A signal
M ,=300 GeV
Parameter set |
tgB=7
Background:
Bl Dbb(g)
()

B uuddss

Number of eventsper 5 GeV bin
8 & 8 8
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350 375 400
W, [GeV]




Final results

Ao/o =11.0% I H+A signal
M ,=300 GeV
Parameter set |
tgp=7
Background:
bb(g)
cc(+g) )
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v~y — hadrons (resolved) as a separate contribution — inefficient generation
= we estimate number of events in the mass window

vy — qq (@q=wu, d, s) (unpolarized cross sec.) is overestimated
but compensates the lack of resolved contribution



thisanalysis

no yy - q6| (g=u,d,s), \W—T'T, resolved
no yy—W"W-

no vertex smearing

without OE
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Ac(yy — A, H — bb)/o(yy — A, H — bb) Symbol | u [GeV] | Az [GeV]

200 1500
-150 1500
24010 1500
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3

! Precision

L

<

é Ao _ VHs T UB

S g Hs

o

@)

J

200

220

240

260

280

300

320

340 360
M, [GeV]




Ac(yy — A, H — bb)/o(yy — A, H — bb) Symbol | u [GeV] | Az [GeV]
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Ac(yy — A, H — bb)/o(yy — A, H — bb) Symbol | u [GeV] | Az [GeV]

200 1500
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Ac(yy — A, H — bb)/o(yy — A, H — bb) Symbol | u [GeV] | Az [GeV]

200 1500
-150 1500
24010 1500

< \Y; C10]0) 2450

P M ,= 300 GeV
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Ac(yy — A, H — bb)/o(yy — A, H — bb) Symbol | u [GeV] | Az [GeV]

200 1500
-150 1500
24010 1500

< \Y; C10]0) 2450

P M ,= 350 GeV
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Significance for vy — A, H — bb Symbol | p [GeV] | A [GeV]
200 1500
-150 1500
-200 1500
\Y 300 2450
2 Significance

o for w—AH-bb

s=t5 4 14 ES
VB LB

The band widths indicate the level of
possible statistical fluctuations

=
a1




o for w—AH-bb

Significance for vy — A, H — bb

M ,= 200 GeV

Symbol | p [GeV] | A [GeV]
200 1500
-150 1500
-200 1500
\Y, 300 2450
Significance

s Hs
0= EEPN Al —
VI B 1B

The band widths indicate the level of
possible statistical fluctuations

— lower limit of the LHC
discovery region.




o for w—AH-bb

Significance for vy — A, H — bb

M ,= 250 GeV

Symbol | p [GeV] | A [GeV]
200 1500
-150 1500
-200 1500
\Y, 300 2450
Significance

s Hs
0= EEPN Al —
VI B 1B

The band widths indicate the level of
possible statistical fluctuations

— lower limit of the LHC
discovery region.




o for w—AH-bb

Significance for vy — A, H — bb

M ,= 300 GeV

Symbol | p [GeV] | A [GeV]
200 1500
-150 1500
-200 1500
\Y, 300 2450
Significance

s Hs
0= EEPN Al —
VI B 1B

The band widths indicate the level of
possible statistical fluctuations

— lower limit of the LHC
discovery region.




o for w—AH-bb

Significance for vy — A, H — bb

M ,= 350 GeV

Symbol | p [GeV] | A [GeV]
200 1500
-150 1500
-200 1500
\Y, 300 2450
Significance

s Hs
0= EEPN Al —
VI B 1B

The band widths indicate the level of
possible statistical fluctuations

— lower limit of the LHC
discovery region.




All important theoretical and experimental aspects of the measurement taken into
account.

Optimal cuts per mass point.

higgs-tagging: cut on the ratio of vy — A, H — bb to vy — bb(g), cc(g),qq (g=u, d, s)
events.

Four MSSM parameter sets, tan 3 = 3—20.

Precision between 11% and 21% for M 4 = 200-350 GeV, tan § = 7, and parameter
set |, after one year.

Significance compared to LHC estimates.

For M4 2 300 GeV the Photon Collider can discover MSSM Higgs bosons
for much lower values of tan 3 than LHC.
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