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The case of matter

* Symmetries play an important role in nature. This is especially true for particle
physics, where (almost) all forces we know can be derived from local symmetry

requirements:

Electromagnetism
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Rare decays: (precision O(1077))
CMS and LHOD (LHC run )

The standard model ;. (SM)
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LEP: (precision O(107°))
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Problem-2:

Weak force distinguishes
between left- and right-

handed matter — breaks
SU(2), for ALL weakly
interacting particles with
mass # 0.

(9002) Lzv 1day 'sAud

Problem-1:

Symmetries strictly forbid
force mediators to have
mass # 0 (e.g. M2 Z, Z"*).
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Wie kann eine Symmetrie zur gleichen
Zeit erhalten und gebrochen sein?

Teillchen explizit gebrochen

§T

Problem: lokale Eichsymmetrien in
Lagrangedichte sind durch massive

____
i

-_

Spontane Symmetrie-
brechung:

flz,y) = 2* + 4

T = T COS

Yy =rsiny
=712 (cosp? +sing?) =r

f(z,y)

r,e

flz,y) = (x—1)*+ (y — 1)

=724+ 2(1 —7r(sinp + cosp))

(“hidden symmetry”)

Fuhre Potential ein das den Grundzustand
des Universums aus der Symmetrieachse
der Bewegungsgleichungen zwingt.

— Teilchenmasse als Kopplung an nicht
verschwindenden Vakuumerwartungswert.
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How can SU(2); symmetry be the source of weak interactions while at the same time
all interacting particles with m £ 0 explicitly break this symmetry?!?

Spontaneous symmetry breaking:

* Symmetry inherent to the system but not to
its energy ground state (- quantum vacuum).

* Excitation of vacuum ground state leads to
existence of a new particle, characterized by
very peculiar coupling structure, needed to
preserve the symmetry of the system:

m
faspp = i— (Fermions)
v
2m? .
foovy =i—Y (Heavy Bosons trilinear)
Postulate new field ¢ with )
symmetry breaking vacuum: 2m )
N fHH=SVY =1 2V (Heavy Bosons quartic)
£ — 9, 6106 — V(9) v
_ 2 .3m? .
V(9) = —1*¢'6 + A (6'0) foopgy =i—2 (H Boson trilinear)
1- -7 P . 3m2
L _ + (TR +he [ fHHHH =1 vzH (H Boson quartic)

T Yy |

- | Particle masses created
dynamically by coupling
to non-zero vacuum.

Ye (v+%)€e Me = Ye * VU

- I‘B.Fl’ V@

Lagrangian Density of (baryonic)
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Nuclear Physic.s B106 (1976) 292-340
@ North-Holland Publishing Company

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN, Geneva

Received 7 Novemnber 1975

A discussion is given of the production, decay and observability of the scalar Higas

boson H expected in gauge theories of the weak and electromagnetic interactions such as

the Wemnberg-Salam model. After reviewing previous experimental limits on the mass of

the Higgs boson, we give a speculative cosmological argument for a small mass. If its mass

is similar to that of the pion, the Higgs boson may be visible in the reactions # “p -+ Hn or

p — Hp near threshold. If its mass is <300 MeV, the Higgs boson may be present in the

decays of kaons with a branching ratio O(10~7). or in the decavs of nne of the new nar-
We should perhaps finish with an apology and a caution. We apologize to ex-

perimentalists for having no idea what is the mass of the Higgs boson, unlike the

case with charm [3,4] and for not being sure of its couplings to other particles, except
that they are probably all very small. For these reasons we do not want to encourage

big experimental searches for the Higgs boson, but we do feel that people performing

experiments vulnerable to the Higgs boson should know how it may turn up.

taken from R. Harlander, 2014

1961:

1962:

1964

1974-77:

1983:

1995:

2000:

2012:

2013:

First formulation of a unification of
electromagnetic and weak force.

Spontaneous symmetry breaking
in super conductivity.

Higgs mechanism in particle
physics.

Formulation of electroweak SM.
Proof of renormalizability.
Discovery of charm, T and bottom.
Discovery of W and Z.

Discovery of top.

Discovery of v, .

Discovery of Higgs boson.

Nobel prize to Peter Higgs and
Francois Englert.
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Nuclear Physics B106 (1976) 292340

@ North-Holland Publishing Company

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V, NANOPOULOS **
CERN, Geneva

Received 7 Novemnber 1975

A discussion is given of the production, decay and observability of the scalar Higas
boson H expected in gauge theories of the weak and electromagnetic interactions such as
the Wemnberg-Salam model. After reviewing previous experimental limits on the mass of
the Higgs boson, we give a speculative cosmological argument for a small mass. If its mass
is similar to that of the pion, the Higgs boson may be visible in the reactions # “p -+ Hn or
p — Hp near threshold. If its mass is <300 MeV, the Higgs boson may be present in the
decays of kaons with a branching ratio O(10~7). or in the decavs of nne of the new nar-

Indirect constraints from LEP

h caution. We apologize to ex-
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k connlines 1o other particles, except
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1962:

1964:

1967:

1971:

1974-77:

1983:

1995:

2000:

2012:

2013:

First formulation of a unification of
electromagnetic and weak force.

Spontaneous symmetry breaking
in super conductivity.

Higgs mechanism in particle
physics.

Formulation of electroweak SM.
Proof of renormalizability.
Discovery of charm, 7 and bottom.
Discovery of W and Z.

Discovery of top.

Discovery of v, .

Discovery of Higgs boson.

Nobel prize to Peter Higgs and
Francois Englert.
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1961: First formulation of a unification of
A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON electromagnetic and weak force.

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **

CERY, Geneve 1962: Spontaneous symmetry breaking
Received 7 November 1975 In Super Conduct|v|ty_

A discussion is given of the production, decay and observability of the scalar Higas
boson H expected in gauge theories of the weak and electromagnetic interactions such as . 1 1 1 1
the WcmheEg-Salum nﬁudil After reviewing previous expc:i:nesla] limits on the mass of 1964 nggs meChanlsm In partICIe
the Higgs boson, we give a speculative cosmological argument for a small mass. If its mass H
is similar to that of the pion, the Higgs boson may be visible in the reactions # “p -+ Hn or p hysl CS .
p — Hp near threshold. If its mass is <300 MeV, the Higgs boson may be present in the
decays of kaons with a branching ratio O(10~7). or in the decavs of nne of the new nar-

h caution. We apologize to ex-

Indirect constraints from LEP [°" the Higgs boson, unlike the

k connlines 1o other particles, except

1967: Formulation of electroweak SM.

ncourage 1 ili

6 e mm=15:26?v 200_ - T ] eyfo[ming 1971: PrOOf Of renormallzablllty-

TR e = |
A s 150- swae 1 | | 1974-77: Discovery of charm, T and bottom.
2{ 5 m gg%cgrllstraim

Final word from LEP 1983: Discovery of W and Z.

Direct search lower limit (95% CL)

s rygprr T fige0 1995 2000 2005
Sk L 1995: Discovery of top.
'k 4 || Final word fro 2000 Di f
\\,\/ %103§Tevatron Run Il L‘ms10fb" = Observed \\ : Iscovery O VT ’
SIE 710 E- SM Higgs Combination e E:Pzz:::r’g’:iigs h\
= § oF ociommens Ml = .
3 e R . 2012: Discovery of Higgs boson.
10 45" 859095100 105 110 115 120 mmr = & e
my,(GeV/c?) 10° S 7 g
SR . SN 2013: Nobel prize to Peter Higgs and
T T T e Francois Englert.




7123 1011 Oincl (pp)

A

The challenge

108

July 2015

~ vector bason

njalé(_sc.i-

=N jeti{s]l

—_

o
(8]
|

T TTT
o

—_

o
N
L

o
| |I|||||J | |||||||L | IIIIIII‘ | |I|||||‘ | |||||I|L | Illllll‘ | |I|I|||‘

H

—_
o
(%)

Congratvlatiens, |
it only took yeu o Vi
65298 "seconds 0

( f
o0 »

Production Cross Section, o [pb]
3 =

—_
<
\V)

* for us finding the Higgs it was
: 48 years = 1,513,728,000 sec

% 7 TeV CMS measurement (L < 5.0 fb™)
% 8 TeV CMS measurement (L < 19.6 fb™)
— 7 TeV Theory prediction
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“ CMS 95%CL limit
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https://cds.cern.ch/record/1471016/files/plb.716.30.pdf

9/23

Anatomy of X

Single particle?
A
Spin & CP? Decay width?

/

\

I

Mass?
Coupling
structure?
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Mass

PHysicAaL
REVIEW
LETTERS.

15MaY 2015

e ATLAS+CMS LHC run-1 combination:

/5‘ 3lll||||||||||||||l|||||||||||||| LS LI (SRS B S LSS SRS (SRS S, L [ e (ISR AN L R L
= C ATLAS and CMS - == ATLAS H-yy i ATLAS and CMS —e— Total Stat. == Syst.
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o - LHC Run 1 CMS H—yy B oal Stat. Syst
c o5 CMS H—>77 41 A ATLAS H—yy F————H 126.02+0.51 (+0.43+0.27) GeV
q) -
"3 B Sl il —— All combined i CMS H—yy —— 124.70 +0.34 (+0.31+ 0.15) GeV
4
B ~ ,' X Best fit ] ATLAS H—ZZ -4l e 124.51£ 0.52 ( + 0.52 £ 0.04) GeV
- ra =
% ofit U — 68%CL i CMS H—ZZ -4 ——— 125.59 + 0.45 (+0.42+ 0.17) GeV
O By N L S ERECE R S L RRN SR e o EERE E CHEGE T AR S MR R
w T i ATLAS+CMS 7y I-—EI—-I 125.07 + 0.29 (+ 0.25 + 0.14) GeV
1 S semEe. =
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0 0.05 01 O 0.05 0.1 0 0.020.04 0.06

sm,, [GeV]



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.191803
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Coupling Estimates

* Determine couplings from production mode and decay channel:

gg — H production: qq — qqH production: Decay to for V:
g

/S
@ f: rug =  Coupling to gluon can be [ or effective ©.
OV : kpyy = 2my, * Coupling to v can be effective or a mixture of / + V.

* Direct measurement not possible since ~; appear in nominator and denominator of

— Fifii _ FZ'KVZ‘
BR; = Crn(ke) — 2Tk
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Narrow Width Approximation

* Assume 'y < mp, which is well justified by I'iy = 4.04 MeV and mpyg = 125 GeV.

* Propagator: | (r—momerey — mpd(e® —m?) for T — 0.

g

l.e. put propagating particle on shell.

<

Calculate cross section as ¢ x BR .

* BRx =%, Ty =3 ,T;.

e 0 X (H}t/ﬁlq—)2 X (/fu’fd)2 X ('I‘Jq"il)2 X ("ig'%f)Q .

g )

* For each production mode and decay channel collect x; and express I' as sum
of individual ~; .
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Coupling structure

e ATLAS+CMS LHC run-1 combination:

Considered production modes:

JHEP 08 (2016) 045

Considered decay channels:

Production Cross section [pb] Order of

process Vs =7 TeV Vs =8 TeV calculation
ggF 150+1.6 19.2+£2.0 NNLO(QCD)+NLO(EW)
VBE 1.22 £ 0.03 1.58 £ 0.04 NLO(QCD+EW)+~NNLO(QCD)
WH 0.577 £0.016 0.703 £0.018 NNLO(QCD)+NLO(EW)
ZH 0.334 £ 0.013 0.414 £ 0.016 NNLO(QCD)+NLO(EW)
[egZH] 0.023 £0.007 0.032 +£0.010 NLO(QCD)
bbH 0.156 £ 0.021 0.203 £ 0.028 5ES NNLO(QCD) + 4FS NLO(QCD)
ttH 0.086 £ 0.009 0.129 £ 0.014 NLO(QCD)
tH 0.012£0.001 0.018 £ 0.001 NLO(QCD)
Total 174 1.6 223+2.0

Decay channel

H — bb
H—->WW
H—gg
H— 7
H — cc
H—ZZ
H—yy
H— Zy
H— up

575+19/

21.6+09
8.56 £ 0.86
6.30 £ 0.36
2.90 £ 0.35
2.67+£0.11
0.228 £ 0.011
0.155 +0.014
0.022 + 0.001

/

Main production modes:

g9 — ZH (10% to ZHbb)

t/b

q

P

q
Amplitudes

g

H 4

t/b

wiz| ¢

* Event categories 574
* Nuisance parameters: 4263
pw=o/osy =1.09+0.11

Branching ratio [Y%] / i

b4

®) Bt

tqH +-tHW



http://dx.doi.org/10.1007/JHEP08(2016)045
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The © model

* Dress each coup-
ling at tree-level
with a scaling fac-
tor k; .

* Loops are resolved
according to SM or
treated as effective
couplings.

* Comprise k; sto
obtain simplified
models.

~ (1.26k — 0.26k;)? —

Production Loops Interference Multiplicative factor
o (ggF) v b—t kg~ 1.06- & +0.01- & —0.07 - k&
o (VBF) - - ~ 074Ky +0.26- k5
c(WH) - - ~ Ky
o(qq/q98 — ZH) - - ~ K
o(gg — ZH) v Z-1 ~ 2.27-k5+0.37 - ki — 1.64 - k7K,
o(ttH) — — ~ Ktz
o(gb — WiH) - W —t ~  1.84- k7 + 1.57 - kiy — 2.41 - k Ky
o(gh — tHq) - W —t ~ 3.4 k1 +3.56 ki — 5.96 - KKy
o(bbH) — — ~ K%
Partial decay width
r%# - - ~ K
rww a a ~ K%v
" v W—t k2~ 1.59 ki +0.07 : k% — 0.66 - Ky &,
l—rrr . . - K2
bb E
r - - ~
HH - - ~ K:l

Total width for BRBSN[ =0

e

I'y

57 -k +0.22- kg +0.09 - k4
£ 0.06- k2 +0.03 - k5 +0.03 - 2+
+0.0023 - k7 + 0.0016 - k7, +
+0.0001 - k5 +0.00022 - &

Non measurable couplings tied to measurable ones: k. = ki, Kk, = Ky, Ks = Kyp.
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“Money plot”

SM p-value = 40%
i ! pEEETEE L Sermsa : L el i
& t ATLAS and CMS -o- ATLAS+CMS
g 1§ ATLAS and CMS 7 ; = LHC Run 1 — ATLAS
£ - LHC Run 1 iy ] @“é B :?le:ﬁterval
‘*q:) » Six all tree level couplings. : ~ K5 - 4 — 2cinterval
L = * All loops resolved. c e o
s 1 0 £ * BRsy =0. fREE T E
“ E 1 :
1 - 19 K .-
= i 18 Y - %
= - i 5 | g
I - O :
(8 :
102 43 ™ UEZES
i $ ATLAS+CMS 1 fic,| Bysonll
e A enao SM nggs boson i —
— [M, €] fit . Kp -
[ 68% CL : i
[ ]95% CL 1 i, ——
10_4i| ||| ||||| ||||| |_: III]|IIII|II-IIiIIIl|IIII|II
= ; -2 -1 0 1 2 3
10 1 10 10 Parameter value
P Particle mass [GeV]
oDs m
|be—>ff | = Kf - |f§[1\£>ff | = Ky Tf J =u,7,01
o o Within measurement accuracy
HoVV] s HoVVI /e my V=W_Z unique scaling as expected within
2v 2v v ’ the SM.



http://dx.doi.org/10.1007/JHEP08(2016)045
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. decay plane 73
Spin & CP
92.“.3.. e .t.‘.s,?F.TﬁV.' A A O R
Golden decay channel: 8- i ot
H— 27 — 4 =t
5
I
m — (1)L .ym s Ml e
P(Y(0,9)) = (=1)" - Y['(0, 0) %61 0203 04050607 0809 1
P(4;€) — (_1)L(_1)2(+1)2 _ (_1)L PRD 89 (2014) 092007 I Dﬂ'
+ _ .
07 44 AT Test of pure spin hypotheses (based on O(50)evts):
; H .
'< . > ! CMS 1s=7TeV,L=51151s=81TeV, L=19.7 0" |
= -@- CMSdata - - - Median expect
£+{Zr /Z y o7 60:- o : 1o -th:o

ZIN(Z, IL,)

26
WS - 30

ot =20

0,0 1, 1,— 1,0) ® |1,0) [ %
0.0) = 31 De1-1-/3L0e] Y wl | 0aae

+/3lL - @l 1>

20}

- N N
0 ﬂ;‘ = = :
H  gueeeee o » 0

- . > i :

—0 — - -

z 201 :

I /Z
1,£1) = /31,1 © 1,0) - /51,00 @ [1,+1) o}

0 o 1 1 1 1 2, 2, P 2, 2 2,
any any qg—X any qg—X any qgg—X gg—X any gg—X gg—X gg—X



http://dx.doi.org/10.1103/PhysRevD.89.092007
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X(125) — H(125)

* Mr. Higgs - a known suspect (within 10-30% accuracy):

Single particle? v

* checked mass

_ * checked couplings P
Spin & CP? { Decay width? v~
 Spin-1 and 2 excluded. . gllf/l ZS?U%EXSQSH
* CP-even. -

* CP-odd admixture of up \

to 50% still possible.

Mass? \/
COUp”ng * 125.09 GeV one of
structure? the best known
parameters in SM.

* Non-trivial coupling
structure of a SM-like
Higgs boson.

* No sign for deviations
so far!
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Why the Higgs boson still is not THE Higgs boson ¥

* Gravity is not included in the SM.

* The SM suffers from the hierarchy problem.

 Dark matter is not included in the SM.

 Neutrino masses are not included in the SM.

* There are known deviations in a, =

gu—2
2

from the SM expectation (3.60 unresolved).
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* There must be physics beyond
the SM!

At what scale does it set Iin?

* (How) Does it influence the
Higgs sector?

@ Arguments stolen from S. Heinemeyer (HH Higgs workshop 2014)


http://arxiv.org/abs/hep-ph/0003170
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Higgs Bosons in the MSSM

* Any 2 Higgs Doublet Model (2HDM) predicts five Higgs bosons:

¢+
qbu:(q;é), Yy, =+1, wv,: VEV,

0
qbd = (iﬁ) 3 Y¢d = —1, Vd - VEVd
d

Nndof =8

« Strict mass requirements at tree level:
two free parameters:m 4, tan 8 = vu Jva

— 2 2
Mg+ =My + My

> ;
¢ 500
400
L = ;
£
2001
100 5 |
---------------- = -wwww---
80 ; ; :
70
VA i i i ;
50 60 100 200 300 400
m, [GeV]

—(m% +m%)sin 23

m¥y ., =3 (mi +m? + \/(mi +m2)* — 4m4m2 cos? 26)

(m% —m?) cos 26+\/(m?4+m2z)2—4m?4m2z cos? 2[3

a : angle between H and h in mass matrix
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Special role of down-type fermions

avv /9y Guu/Gau| 944/ 933"
A — ~s5 cot 3 ~5 tan 3
H cos(f—a) —0 sina/ sinf — cot g cos o/ cos f— tan
h sin(f—a) —1 cosa/sinff — 1 —sina/cos f— 1

For ma > mz:a — B — w/2 (coupling to down-type fermions enhanced by tan 3).

Production modes: Decay channels:
< 1
>< g
0 g
s L
% 105
102H,
g b 10°
Q0000000 p—e——
| nHA L
= = = = = = = 10* E_" ...... 7 RN, SR — == --mA.—_180GeV
g ‘ b - : — — m,=300 GeV
B 10_571 5 ; m,=500 GeV
gg — ¢bb (“bbo”) 0 20 40 60
tanp

€-OMSXHOH



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGMSSMNeutral
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History of MSSM H — 71 searches @ CMS

tan

a o
o o

f=N g O N oo

CMS Publication

MSSM m:‘m')f m

mod+(**)

h I

s (2011 - 2017)

\:l Observed exclusion 95% CL
s Expected exclusion 95% CL
Tevatron”
PRL 106 (2011)”, 36pb”, 7TeV
| | PLBT713(2012)", 4.6b", 7TeV
[ ] sHEP 10 (2014)7, 256", 748TeV
[ ] HIG-17-0207, 361b", 13TeV

100

200

300 400

1000 2000

m, [GeV]

Brand new CMS result discussed in the

following (based on 36/fb @ 13TeV).

Available on the CERN CDS information server CMS PAS HIG-17-020

CMS Physics Analysis Summary

Contact: ems-pag-conveners-higgs@cern.ch 2017/12/06

Search for additional neutral MSSM Higgs bosons in the
di-tau final state in pp collisions at /s = 13 TeV

The CMS Collaboration

Abstract

A search is presented for additional neutral Higgs bosons in the di-t final state in pp
collisions at the LHC. The search is performed in the context of the minimal super-
symmetric extension of the standard model (MSSM), on the data collected with the
CMS detector in 2016 at a center-of-mass energy of 13 TeV, corresponding to an in-
tegrated luminosity of 359 fb !, To enhance the sensitivity to neutral MSSM Higgs
bosons the search includes the case where the Higgs boson is produced in association
with b quarks. No significant deviation above the expected background is observed.
Model-independent limits are set on the product of the cross section and branching
fraction for the production via gluon-fusion or in association with b quarks. These
limits range from 18 pb (at 90 GeV) to 3.5 x 10 3 pb (at 3.2 TeV) for gluon-fusion and
from 15 pb (at 90 GeV) to 25 % 10 3 pb (at 3.2 TeV) for b-associated production. In the
mod* scenario these limits translate into anexclusion of tan § > 6 for niy, < 200 GeV.
The exclusion contour ranges up to 1.6 TeV for tan § < 60.
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Remaining lecture program

Monday (12.03): Tuesday (13.03.):
= Introdu\/ particle Proton strl\/ CD jets
™ 0 physics and flavor
—

B Particlg ration & Heavy qua3 uge
=% detecti \/ : data bosons (M%iggs
— analysi : bosons (Rvvy:

* |n case of questions — contact us matthias.mozer@cern.ch (Bld. 30.23 Room 9-8 )
roger.wolf@cern.ch (Bld. 30.23 Room 9-20).


mailto:matthias.mozer@cern.ch
mailto:roger.wolf@cern.ch

Backup ..\g(“.

Karlsruhe Institute of Technology

27 Institute of Experimental Particle Physics (IEKP)
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19.7 fb™' (8 TeV) + 5.1 fb! (7 TeV)

19.7 fo" (8 TeV) + 5.1 16" (7 TeV)
i o 10 : 2T =
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S 3 E
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. 2 E
* From high resolution channels: 3| ° | BB,
| ‘ e 10
0 2 4 6 124 125 126
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I
) A _ 0.26 0.14
: . mpy = 125.02 £ stat.) £+ syst.) GeV
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https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
http://dx.doi.org/10.1103/PhysRevD.92.012004
http://dx.doi.org/10.1103/PhysRevD.89.092007
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CMS 19.7fb" (8 TeV) + 5.1 fb" (7 TeV)
E FT | | T | S | T | R | T | | ‘ | | i | | | R g T I—
= = jo. © Data e
MaSS & d ecay WI dth [2) Lo Al contributions (T, = 10xIM, 1 = 1) 1
qf:J r g+VV — ZZ (rH=rﬁM,p= 1) G
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http://dx.doi.org/10.1016/j.physletb.2014.06.077
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Kv- Kk rFmodel

* Resolve loops according to SM.

* Combine tree-level couplings into v (coupling to W & Z boson) and ~ r (couping to
fermions). wy O W.Z RE D47,

3

w L T T T T T T T T T I
“ [ ATLAS and CMS

"LHC Run 1 ]
25+ -

1 1 1 1
JHEP 08 (2016) 045

| [ Combined
- CJH-yy
2 CJH—>2Z

[ [JH-WW

L JH-m
- H—bb
1.51

0.5}

B i CLI ----------- 95% CL |-|- Best fit *| SM expected i
0 0.5 1 1.5 2

f
Ky



http://dx.doi.org/10.1007/JHEP08(2016)045

A-4

Higgs still there?

WJS2013

in LHC run-1...

Better find the new particle back where you saw it

luminosity ratio
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
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Mass of observed Higgs Boson and tan 3

4 2 2 2 >
o 3 My £ X X @ 500
rysavieal Bl Bl el B rwey =
(4m)° v my ms 12m7 £ 4001
L
E
« 30% of m,, due to higher order corrections. 300

 Following factors help to increase m,,: large m,, | 200
large m; , large x,and large tan 3.

Xy =my (At — pcot /3)

100
....... _&-';&'-'h--':&-'u?-!!-!

80 I

- Strict mass requirements at tree level: gg e
two free parameters:my, tan f = vu /v, col. . mssMlo

5 5 5 50 60 100 200 300 400

Mg+ =My + My m, [GeV]

m¥y ., =3 (mi +m? + \/(mi +m2)* — 4m4m2 cos? 26)

—(m% +m%)sin 23

(m% —m?) cos 26+\/(m?4+m2z)2—4m?4m2z cos? 2[3

tana =

« : angle between H and h in mass matrix
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