Study of vy — higgs — bb
in SM & MSSM at the Photon Collider

presented by J. Ciborowski

Loop coupling A~y~y:
Higgs-bosons can be produced as s-channel resonances
Non-decoupling = tests of models

The best machine for this measurement: Photon Collider

hep-ph/0208234, hep-ph/0307180, hep-ph/0307183, hep-ph/0503295
Beyond SM: H* Xi, q, ...



Our analysis of o(yy — h — bb) and o(yy — A, H — bb) measurement:
Realistic yv-spectra (TESLA-like)
Beams crossing angle, primary vertex distribution
NLO QCD background vy — QQ(g) (Q=c,b)
Other backgrounds: vy — W W, vy — qq (g=u,d,s), vy — 777~
Overlaying events vy — hadrons: about 1-2 OE per bunch crossing
b-tagging (e.g. for M4 = 300 GeV: ey, = 53%, ey = 47%, ecc = 2.9%, £y4s = 0.5%)
Realistic detector simulation (SIMDET)

Full optimization of cuts

results for SM with M; = 120, 130, 140, 150, 160 GeV
results for MSSM with M 4 = 200, 250, 300, 350 GeV



o =/ 1(02 + 02 tan® (0 /2)) o2 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 crossing

Without elastic
and diffractive scattering
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Generation for /s.. = 210.5 GeV.
= Reject tracks and clusters below 6 ¢




Cuts optimized by minimizing: All angular cuts

Ao(yy = h —bb) /s + is

o(yy — h — bb) jis

Y

For example, for M), = 120 GeV:

— -1
[ Higgs signal Total L_ =410 fb

M, = 120 GeV

Background:
B bb(g) Aolc =7.2%

Detector mask
Particles on Pythia level: cos 6,,4sx =~ 0.99

Number of events per 0.025 bin

OE suppression
02 03 04 05 06 07 08 09 1 TraCkS & Clusters: COSQTC - 085

lcos(0. )™

Jjet

. vy — QQ(g) suppression
Maximal value of | cos 0| Jets: | cos B¢ |™** = 0.725

over all jets in the event



_Reconstructior

OE suppression: clusters & tracks with | cos 8;| > cosd ¢ = 0.85 ignored
Wree > 1.2 W2n

Jets: Durham algorithm, y..: = 0.02
Njets =2, 3

for each jet: | cos 0| < 0.725
|P.|/E < 0.1

0
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for each jet: M. < 65 GeV
energy below 0 r¢: Erc < 80 GeV
for each jet: Ny > 4
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Correction for crossing angle: jets boosted with 3 =
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Number of events per 1 GeV bin
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Without OE: 6450 events Weorr = /W2, + 2Pr(E + Pr)

orr —

With OE  : 5530 events Acta Phys. Pol. B34 177 2003, hep-ph/0208234
Gaussian fit from y — 1.30 to 1+ 1.30.




Results for M;, = 120 GeV Results for M;, = 120-160 GeV

Aclc =2.1% ] Higgs signal
M, =120 GeV

H this analysis
no yy—qq (g=u,d,s), yy—>1'1t, resolved
no yy->W'W"

no vertex smearing

Aclc for yy—h—bb [%]

without OE

Number of events per 2.5 GeV bin

120 125 130 135 140 145 150 155 160 165
M, [GeV]

Corrected invariant mass distributions For M; = 150, 160 GeV additional cuts to
for signal and background events reduce vy — WTW~—



LHC wedge
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CMS, 30 fb
n =300 GoVie ¥, My = 200 GoVic *
A, = 16 Tewie®, Mgygy =1 Tovie ¥ —

A= 7T — two T jels + X, 60 1"

— 7T — two leplons+X

T — lepton +1jet + X

From: CMS NOTE 2003/033
(the same results as in newer CMS CR 2004/058)

We consider four MSSM parameter sets:

Symbol | u [GeV] | M2 [GeV] | A 7 |GeV]
200 200 1500
-150 200 1500
-200 200 1500
\% 300 200 2450
and ||l —as in M. Muhlleitner et al.

with higher A > to have M) above 114 GeV
— an intermediate scenario

IV —as in CMS NOTE 2003/033




Precision of o(yy — A, H — bb) mesurement

Results for M4 = 300 GeV

Aclc =11.0% |:| H+A signal
M, =300 GeV
Parameter set I
tgp=17
ackground:
bb(g)
ce(g)
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g
T

[ |
I
B wWww
[ |
]

Total L =808 fb!

Number of events per 5 GeV bin

375 400

W__ [GeV]

corr

Corrected invariant mass distributions

Aclc for yy—>A,H—bb [%]

Results for M 4 = 200-350 GeV

this analysis
no yy—qq (q=u,d,s), yy—>1't’, resolved
no yy—>W'wW"
no vertex smearing

without OE

Parameter set I, tgp=7

220 240 260 280 300 320 340 360
M, [GeV]

our previous results compared



Precision of o(yy — A, H — bb) mesurement

Results for M4 = 300 GeV Results for M 4 = 200-350 GeV

Aclo =11.0% |:| H+A signal
M, =300 GeV
Parameter set I
tgp=17
ackground:
bb(g)
ce(g)

Aclc for yy—A,H—bb [%]
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Number of events per 5 GeV bin

Total L =808 fb!

375 400
W__ [GeV]

corr
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Corrected invariant mass distributions



Ac(yy — A, H — bb)/o(yy — A, H — bb) Significance for vy — A, H — bb

M, =300 GeV M, =300 GeV

o for yy—>A,H—bb

Ac/c for yy—>A,H—bb [%]

A9 _ yis + ps § = L A
o us v B UB

— lower limit at LHC



All relevant theoretical and experimental aspects taken into account.

SM
High precision for measurement of the SM Higgs boson despite large effects due to
vy — hadrons overlaying events.

Statistical precision of 2% for I'(h — ~v)BR(h — bb) at M;, = 120 GeV.
Systematic uncertainty about 2%.

MSSM
LHC wedge = four MSSM parameter sets, tan 3 = 3—20 considered

Precision 11-21% for M 4 = 200-350 GeV, tan 3 = 7 (set |, after one year)

For M4 = 300 GeV the Photon Collider can discover heavy MSSM Higgs bosons
below tan 8 = 15 (LHC limit)

= The Photon Collider is a very promising machine

Detailed description of the analysis: hep-ph/0503295
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