The MSSM Higgses
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h, H cross sections

M. Spira et al.
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A production

M. Spira et al.
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MSSM Limits - my, vs tanﬂl
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I MSSM Limits - m4 vs tanﬁl
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MSSM HIGGS Searches

Channels investigated :
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Significance contours for SUSY Higgses
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Problems with top-stop interference

and reduction of h — yy signal observability

.

Fermiolab 7
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Discovery reach for MSSM Higgses in ATLAS

- ultimate reach with 300 fb!
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Mass detérmination in A --»ﬁ J
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Signal/background with 2selected 7 jets, E, > 60 GeV, Ad(jj) < 175°
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from HS_usy bb final states:
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CMS Tracker Layout

1] L
.|;||11|| 1
|| || | [ T I N |
:I :I I| I| E| I| || I|
| || lE |
AT S
1] i | I
| | | | i ||
| | | i I
1l i T rr
1
Channels R-¢ pitch  Siero piich
(x 10  (wm) _ (um)
Pixels 39.2 1al= 150

Silicon strips 5.2 62/83/125  125/250
MSGC 6.5 200 400







Lo
=

Events for 3+104pb~1 / 20 GeV

Events for 3*104pb—1/ 20 GeV

Hsusy > 11— e* + 1"+ X

Hgysy — 1T — F+ HF+ X

> 20 GeV, isolated leptons, A¢(e,})
T I ¥ T ¥
6000 1
AH-o = ep+ X
5000 1
s00f | m, =300 GeV -
' tanp = 30
3000 - -
2000 - -
1000 ~
0 Lk L i B
O 100 200 300 400 600
M (GeV)
- T L] 1 ¥ L] -
80 AH=ttoepu+ X
70 -mA=30'UGeV ihh t - -
oo | tanf = 30 with b— aggr_ng_
One tagged b-jet
sﬂ =
4{] L.
30 o
21 = g
10 b e '
. o
0 e e S 1
0 100 200 300 400 500 600

Events selected as:

My (GeV)

8

Events for 3+104pb-1

Events for 3=10%pb~1/ 40 GeV

/40 GeV
g

g

:

g

(=

Events selected as : Ejé! > 40 GeV,
<175° pl> 15 GeV, Ag(jl) < 175°, Episs > 20 GeV

T

1 | 1 1 1 1 I 1

A H, h =11 F 47 jet + EMSS |

m, =200 GeV
tanp = 30

signal
total bkgd

200 400 600 80O
M., (GeV)

I I 1 1 I 1 1 1

mAzzﬂﬂGe\F
tan =30

signal  with b-tagging
one tagged b-jet

AH bttt etjet+ Etmiss

1
D D _20209c

1000

Hsysy — Tt — ht +h ™+ X

Events selected as: EtJEt.:- 60 GeV

miss

pi > 40 GeV, Ad{jj) < 175% E{ " > 40 GeV

Events for 3+104pb~1/ 40 GeV

Events for 3*109\pb—1 / 40 GeV

M., (GeV)

30 ¥ L] ¥ 1 ) ] L)
AHostt=h'+h™+ X
251 -
K m, = 500 GeV | ;
20 tanp = 20 Inclusive H SUSY
search
15F .
signal
10F b
51 _r -
total bkgd
0 1 o 1 e
200 400 600 800 1000
M (GeV)
sF | IA |1_| T T h+l h_l X
el by Search in tIllZiHsus-ufr
s5F my=500GeV  J  channels:
tanﬁ=20
Al . b
with b — tagging g T
al One tagged b-jet | b
g vV b hH,
of J
signal =

2
1 &

aI
0 [=]
200 400 600 BOO 1000



Higgs mass resolutioninH 5 11
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gg->A’bb in MSSM
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Significance contours for SUSY Higgses

Regions of the MSGSM parameter space (my, tgf3)
explorable through various SUSY Higgs channels
® 5 ¢ significance contours
e two-loop / RGE-improved radiative corrections
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Significance contours for SUSY Higgses

Regions of the MSSM parameter space (my, tgp)
explorable through various SUSY Higgs channels

e 5 ¢ significance contours
e two-loop / RGE-improved radiative corrections
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Events for 10° pb-1/ GeV

Events for 105 pb-1/ GeV
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Significance contours for SUSY Higgses
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hyigy -> bb in tth and Wh in ATLAS

from the results obtained for SM search
rates can be enhanced by 20-30% compared to SM

50 discovery contours for the tth and Wh with h -> bb
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" Search for SWMSSM Higgs
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through_ttH production witr H - bb

 Shape of mmbmatorlal background requires rewnstructmn of
both top quark decays : t— jjb and t— Ivb (I=e,1 for tngger)

* Require 4 b- tagged jets + 1 lepton + 2 non-b jets (€. = 3.5%)
. Remnstruct H —> bb mass peak above backgmund from tt+jets
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Figure 19-65 For an integrated luminosity of 30 fo-1
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Significance contours for SUSY Higgses
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Discovery reach for MSSM Higgses in ATLAS

- ultimate reach with 300 fb™!
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gg -> H*tb, H* -> v, t->qqb

g
t \T
H+
/r "
g b
—— 0 “ “\\
pt
L&
+7 ot 1 b /F
gb ->H't, H" ->1tv, t->qqb e "
. g
b H* M(+ ’W
é—i’“ﬂmf/
v
| .
g t /l()
>
Lq!r I}
A
= S ¢
‘> Uuse f p/é(/v/ 5S¢ 717/40&7/ é %ﬂé



T polarization in
gb -> H*t; HY -> 1, t-> bqq

Main contributions to 1-prong decays

T->Tty 12.5%
1> ptv = ninly 26%
T—>a;v —> nnlndv 7.5% -

Effect of T polarization in H* compared to W* decays:

+

+ T Vv Tt
- Ht —» - W ——
v . w LAY
e e e o -f— T —
g o

harder pions from T *->n"v and longitudinal

components of p and a; in H¥ than in W*

Polarization included with TAUOLA package by Z. Was et al.
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Event generation with PYTHIA

T decay with TAUOLA
pp — tHi,H:I: —> 11, t — qgb
ID 20005
Entries 6099
Mean 48.67
RMS 41.67

pp —> tHi, H:t — 1, t —> qgb

+
T —> T +\u(+m ‘ﬁ@l
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0 20 40 60 80 100 120
p." (GeV)

= ID 30005
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R. Kinnunen

gb ->H*t; H->1%V, t->bqq

CMS preliminary

Production in PYTHIA through:

gb > H*t

For mx=400 GeV, my,=407 GeV, tanf} = 30:

oc=13pb st VR et il
A B0 g aCce
149 gf:hﬂ?a____
BR(H* ->Tv) from HDECAY:
my,=407 GeV, tanf} = 30 14.1%
my,=214 GeV, tanf} = 15 36.8%

il




Event selection for tHY, Ht ->1v. Tt ->ht + X

1) T selection:

jet, E;> 100 GeV, In | < 2.5 containing
one track with r = p/ EJ*'> 0.8, AR(jet,track) < 0.1
no other track, p, > 1 GeV, in AR(jet,track) < 0.4

2) E™S > 50 GeV

3) W mass reconstruction, Imjj - my | <20 GeV

4) one tagged b -jet, E;> 30 GeV,In1<2
containingA tracks, p0.9 GeV, O'ip;a2

5) top mass reconstruction, Imy;, - my,, | <20 GeV

6) m(T jet, Etmiss)
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signal / background for 3 * 10 pb'!
no Ad(t jet, E™%) cut

pp —> tHi H:I: —> 7v, t —> qgb
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Events for 3x10°pb™ /10 GeV
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H" -> tv for myy, > my,, from pp -> tH”

@ Interesting discovery channel for HY, my, > m,,

¢ Preliminary results:

Events for m(t jet, E™%) > 150 GeV, 3 * 10% pb’!

signal, my =400 GeV (my, =410 GeV), tanf = 30 16
signal, my =200 GeV (my, = 217 GeV), tanff = 20 15
tt, W, ->1tv, Wy ->qq 17

@ parameter space coverage for 30 fb’!
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® W + jets background and optimisation of signal selection
efficiency under study
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Events /2 GeV

Events / 2 GeV

Charged Higgs heavier than top quark in ATLAS
bg -> H't, gg -> Htb with H* -> tb

— One isolated -leptnn, 3 tagged b jets
— Reconstruction of 2 top-quarks
— Higgs mass reconstruction in the my, distribution from H* -> tb decay
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Precision meaurements
on MSSM Higgs bosons

- Masses
-tg B

D.D. 102
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MSSM Higgs

Precision of mass measurement
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MSSM Higgs

Precision of tan} measurement
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® Higgs production rates: o X BR

* typical precisions: 7% -20% (depending on mass and
MSSM parameters)
Vsiemes: §T’M‘_», %‘g__n HMMMH*\& f:; g;:}h{,,

* dominant SY

* rate of H-— ZZ(*) — 4/ allows disentangling
SM/MSSM (~10 times smaller in MSSM)

e rate of A/H — 11, uu allows measurement of tg3
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Figure 6: Total width versus mass of the SM and M55M Higgs bosons
for m; = 175GeV. In the case of the MSSM, we have plotted results
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h (MSSM) Higgs
detectability at LHC
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MSSM Higgs bosons

Assuming SUSY particles do not contribute
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Ratio of SUSY to SM Squared Couplings
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If SUSY particles contribute (done in mSUGRA)
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h — bb production
in massive § and § cascade decays

CMS Coll. meeting Sept 99 -15



h — bb production

in massive q and g cascade decays

mSUGRA
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mSUGRA : m =1000 GeV, m,,=500GeV, A =0, tanP =35 | >0
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Higgs production in cascades (mSUGRA)
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@ [/A/H" can decay to SUSY particles (h too light)
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Branching ratio
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tanb= 3. A= 1400.GeV u= —250.GeV my,,= 200.GeV
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Heavy Higgs H/A decaying into charginos/neutralinos

H/A —> yyx — 4 leptons + o' (SUGRA)

» 2 pairs of OS-SF leptons,
* thight jet veto to supress SM bed.
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Conclusions

¢ The SM Higgs can be searched over the entire
expected mass range (my ~ 0.08 to 1TeV)
with a good safety factor

- most demanding is H—yy for 90 < my < 130 GeV

- there is a "weak spot " at my, =~ 165 + 5 GeV where
the significance for a completely reconstructed
mass peak is marginal, but the WW channel would
allow unambiguous observation

Precision measurements are possible:

- the Higgs mass can be determined to a ~0.1% level

- the Higgs width can be determined to a ~5-10% level
- the 6*BR can be determined to a 5 - 10% level

- ratios of Higgs couplings to fermions (tt, bb, 1) and to
vector bosons (WW, ZZ) can be determined from gg > H,
WH, qg qgH production, with decays to vy, 4l, tt, 2I2v ...

e In the MSSM Higgs sector most of the parameter
space (tgp, m,) can be explored with 10° pb-1

the region 3 < tgf} < 10, 120 < mp < 220 GeV
is difficult, would require > 10° pb-1
or exploitation of h ->bb modes to be fully covered

In the intermediate tgp region disentangling SM and
MSSM from Higgs measurements alone is hard
with only h detectable in the decoupling limit

In large portions of parameter space % level
precision measurements of masses and tgp are
possible
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