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Models w i t h t w o Higgs doublet s
(2HDM) are c onsidered 
an in t erest ing genera l izat ion 
of  t he St andard Model .           
These m odels  c ont a in  3  neut ra l
and t w o c harged  Higgs sc a lars.
I f  no Supersym m et ry  is  added,
t he 2HDM is  desc r ibed by 6 
param et ers (4  m asses and t w o
angles, a lpha and bet a, w here
t an bet a is  t he ra t io  o f  t he 2 vevs).                                                                               
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In  t he s im plest  Supersym m et r ic
proposal  (MSSM), t here rem ain 
on ly  2  independent  param et ers ,
usual ly  t ak en as one of  t he Higgs
m asses (poss ib ly  a lso MH+)
 and t anbet a. 
I f  t he f i rs t  “ new ”  produc ed par t ic le
w ere a c harged Higgs (re la t ive ly  
s im ply ident i f iab le) ,m easur ing 
t anbet a w ould bec om e “ for t e” . 
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In  t he MSSM t anbet a c an be 
det erm ined m easur ing t he c ross 
sec t ion of  Higgs produc t ion,
(t he Higgs m ass f rom  i t s  dec ay 
produc t s) w hic h is  t yp ic a l ly
propor t ional  t o  t anbet a squared.

An in t erest ing proc ess for  t h is
purpose is  t he “ assoc ia t ed”
t op-c harged Higgs produc t ion,
on w hic h I  w i l l  now  c onc ent ra t e.
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                                                -
The rea l  proc ess is  pp---->t H-b X, 
 in  t he 4 Flavour  Num ber sc hem e                                                  -
 (4FN)                                       -                                                -
a t  t he par t onic  leve l  gg---->t H-b X.
In  t he  5  Flavour  Num ber  sc hem e
(5FN), t he par t on ic  proc ess is  
bg---->t H (t ree leve l  Figures). 

Fu l l  d isc uss ion in  Berger , Han,
J ing J iang and Plehn,Phys.Rev.D71,
115012,2005. 
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To underst and t he m ain goals  of  t he 
t heoret ic a l  e f for t s  t o  be desc r ibed,
a good s t ar t ing point  is  t o  der ive
t he MSSM ex press ion of  t he re levant
(t ,b  H=Higgs) Yuk aw a Lagrangian.
In t he not at ion of  Carena, Garc ia,
Niers t e and Wagner  (Nuc l .Phys.B577,
577-2000) t h is  reads:   
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In   t he prev ious ex press ion (w here
I  assum ed Vt b=1),  ho, Ho, Ao 
are t he physic a l  neut ra l  CP even and 
odd Higgses (CP is  assum ed t o be 
c onserved), H+ is  t he phys ic a l  c harged  
Higgs. In  pr inc ip le, t here are s ix  f ree 
param et ers  (t he four  m asses and t he t w o
angles).In  t he MSSM at  t h is  low est  order  
only  t w o param et ers  are independent ,
usual ly  t ak en as MAo and t gbet a. 

In  a m odel  w i t h  only  1 m ore(ex t ra SM) Higgs
Doublet  and t w o d i f ferent  vevs l ik e in  t he
MSSM (2HDM) t he s ix  param et ers  are f ree.
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Tw o di f ferent  t ypes of  non Supersym m et r ic  
2HDM are usual ly  c onsidered and c al led of  
Type2 (in  m y not at ion 2HDM2) and of  Type1
(in m y not at ion 2HDM1).

In  t he Type2 m odel  t he 2 doublet s  c ouple
 t o  d i f ferent  (up,dow n) quark s l ik e in  t he 
MSSM. In t he Type1 c ase a l l  ferm ions c ouple
 t o  only  one Higgs f ie ld .
 
The 2HDM1 c oupl ings are obt a ined s im ply
replac ing Mb t anbet a w i t h Mb c ot bet a at  
page 9.
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The t H c ross sec t ion at  t ree level .

To der ive t he c ross sec t ion for  t op-c harged 
Higgs produc t ion at  par t onic  t ree level  is
re lat ive ly  s im ple. From  inspec t ion of  t he 
Yuk aw a Lagrangian one k now s t hat  i t  
w i l l  be proport ional  t o  (m t  squared c ot bet a
squared + m b squared t anbet a squared) bot h
in t he MSSM and in  t he 2HDM2 sc hem es.

In t he 5FN sc hem e t he par t on ic  c ross 
sec t ions are t hen fo lded w i t h t he g luon 
and t he bot t om  pdfs, t he la t t er  one 
c ont a in ing t he c ol l inear  lns  resum m at ion, 
as d isc ussed in  t he l i t erat ure.
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The resul t s  t hat  I  w i l l  show  are t ak en f rom  
t w o papers. In  t he f i rs t  one, Hui t u,Rai ,Rao,
Rindani  and Sharm a, J HEP 1104 (2011)020,
t H produc t ion in  t he MSSM is  s t udied 
at  t ree level . In  t he sec ond one, Bagl io ,
Bec c ar ia ,Djouadi ,Mac or in i ,Mi rabel la ,Or lando,
Renard,C.V., Phys.Let t .B 705(2011),212-216,
i t  i s  s t udied at  one loop.

In bot h papers, t he f i rs t  resul t s  are obt a ined
using t he CTEQ6L1 pdf . In  t he nex t  Figures 
I  w i l l  c om pare t he t ree level  resul t s , t hat  are 
in   sat is fac t ory  agreem ent  and are g iven for  
LHC c m  energ ies of  7  (Hui t u a lso 14)  TEV.
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As one sees, t he t anbet a dependenc e
of  t he c ross sec t ion is  rat her  s t rong 
and m ight  lead t o t he idea of  
ident i fy ing f rom  i t s  m easurem ent  t h is  
param et er .
 
A problem  t o ident i fy  SUSY param et ers 
is  how ever  t he presenc e 
of  s t rong in t erac t ions, t hat  at  NLO
int roduc e in  t he t heoret ic a l  est im at e a 
“ sc ale”   unc er t a int y  t hat  is  som et im es 
unfa i r ly  large.
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Sc ale  dependenc e of  t he t H
c ross sec t ion.

The c alc u lat ion of  t he c ross sec t ion 
w i l l  depend on t he c hosen 
fac t or isat ion (and renorm al isat ion,
usual ly  ident ic a l ) sc ales.

I t  has been est im at ed (S.Di t t m aier  et  
a l .,arXiv :1101.0593) t hat  t he res idual  
NLO QCD ef fec t  ex hib i t s  a  res idual  
sc ale unc ert a int y  of  t he order  of  10-
20% at  LHC w i t h c m  energy = 7 TEV.
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 Pdf  dependenc e of  t he t H
c ross sec t ion.

The c alc u lat ion of  t he c ross sec t ion 
w i l l  a lso depend on t he c hosen 
par t on pdf  (CTEQ, MSTW, ABK M...).

I t  has been est im at ed (S.Di t t m aier  et  
a l .,arXiv :1101.0593) t hat  t he res idual  
NLO pdf  unc er t a int y  w i l l  be of  t he  
order  of  10-20% at  LHC w i t h c m  energy 
= 7 TEV.
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The idea is  t o  f ind an observable t hat  
is  possib ly   independent  of  s t rong
int erac t ions unc er t a int ies.

At  t he “ g lor ious”  LEP1 t im es suc h an 
observable w as found
(Lynn, C.V.,Phys.Rev-D35,3326-1987) :   
The Longi t udinal  Polar izat ion 
Asym m et ry  (Al r (MZ)).
 
Quest ion: is  suc h an asym m et ry 
m eaningfu l  in  t he c ons idered t H 
proc ess? In pr inc ip le,yes (ra t es for  t l  
and t r  produc t ion are d i f ferent ).
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A f i rs t   d isc ussion of  possib le 
m easurem ent s of  t op polar izat ion 
asym m et ry  f rom  c harged s lept on 
produc t ion, suggest ing t he “ nat ural  
ex t ension”  of  t he w ork  t o t he proc ess 
of  t H produc t ion, has  been in  fac t  
prov ided by

Arai ,  Hui t u , Rai  and Rao, 
J HEP 1008 (2010) 082

A det a i led d isc ussion for  t he t H 
proc ess is  ac t ual ly  g iven in  t he 
Hui t u,Rai ,Rao,Rindani ,Sharm a paper .
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Nex t  f igures show  t he Hui t u et  a l . and 
t he Bagl io  et  a l . t anbet a dependenc e in  
t he MSSM or  2HDM2 of  t he t ree level  
A l r , def ined as (Al r  Bagl io=-Pt  Hui t u):
Al r=(s igm at l -s igm at r )/(s igm at l+s igm at r)
Our hadronic  c ross sec t ions have been 
c om put ed by fo ld ing t he par t onic
ones w i t h t he CTEQ6L1 leading order  
Pdf ,(sam e as Hui t u) for  t w o values 
MH=230 and 412 (benc hm . LS2 and 
SPS1a,see paper). The ren. and fac t . 
sc ale m u0 is  (Wagner) (MH+m t )/6, m b 
is  in  t he MSbar syst em  at  m u0, 
m t =173.1. on shel l . Hui t u  is   s im i lar .... 
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A few  rem ark s about  t he Al r  (t ree) 
t anbet a dependenc e.

Fi rs t  o f  a l l : in  t he MSSM t he low er  
bound on t he neut ra l  l ight  h0 requi res 
t anbet a>2-3. In  a non Supersym m et r ic
2HDM t he region 0.2<t anbet a<40-50 is
a l low ed(Djouadi ,Phys.Rept .459,1,2008)

Al r  c hanges quic k ly  s ign w hen t anbet a 
var ies bet w een 3 and 20. I t  vanishes 
w hen t anbet a=sqroot (m t /m b).For  
t anbet a<3 or>20 i t  rem ains c onst ant  
(and opposi t e, w i t h  t he sam e m odulus).
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      Sc ale dependenc e of  A l r .

Sc ale dependenc e of  A l r .

The yet  unc alc u lat ed h igher order  QCD 
c ont r ibut ions t o A l r  c an be est im at ed 
f rom  i t s  dependenc e on t he 
fac t or izat ion sc ale m uf  at  w hic h t he 
proc ess is  evaluat ed. St ar t ing f rom  t he
previously  c hosen referenc e sc ale m u0
w e have var ied m uf  in  t he range
m u0/k  <m uf  < k m u0 w i t h k =2,3,

Nex t  Figure show s t he var ia t ion of  A l r  
w hen k  var ies in  t hen range. As one 
sees, t h is  var ia t ion is  i r re levant .     
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PDF dependenc e of  Al r . 

  We have given a qual i t a t ive 
invest igat ion of  t he Al r  dependenc e
on t he c hosen pdf  evaluat ing i t  w i t h
d i f ferent  param et r izat ions. In  
par t ic u lar , w e have c hosen t he CTEQ, 
t he MSTW and t he ABK M set s .

Nex t  Figure show s t he var ia t ion of  A l r  
w hen t he pdf  is  c hanged. As one 

sees,i t  i s  again  i r re levant . 
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          NLO SUSY ef fec t s.

Having ver i f ied t he apparent  t ree level  
sc ale and pdf  “ s t rong in t erac t ion inv  
ar ianc e” , w e have t hem  m oved t o  t he 
est im at e of  t he NLO SUSY ef fec t s.

Wi t h t h is  purpose, w e have per form ed 
an “ Ef fec t ive NLO est im at e” , w here t he 
st rong SUSY ef fec t  is  prov ided by t he 
Del t ab param et er  of  Carena et  a l .

and  EW MSSM ef fec t s are c om put ed 
COMPLETELY (w i t h a lso SM diagram s). 
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Nex t  Figure show s t he  c om bined (QCD 
and EW) SUSY MSSM
one loop ef fec t  for  a spec i f ic  c hoic e of  
(heavy spec t rum ) SUSY param et ers 
t hat  w as desc r ibed in  a prev ious paper 
(Bec c ar ia ,Mac or in i , Panizzi , Renard, 
C.V., Phys,Rev.D80 (2009) 053011), 
w here only  t he t ot a l  t H c ross sec t ion 
w as c om put ed at  t he c om plet e EW one 
loop in  t he MSSM.

The c hosen energy is  14 TEV. 
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One sees t hat  t he SUSY ef fec t  is  not
sm al l , par t ic u lar ly  in  t he region around 
t anbet a=10, w here i t  w ould be of  a  
re lat ive t w ent y perc ent .

St ar t ing f rom  t h is  apparent  feat ure, w e 
have t hen per form ed a f i rs t  est im at e of  
t he “ Genuine EW NLO MSSM ef fec t s” , 
ignor ing t he Del t ab c ont r ibut ion in  t he 
c alc u lat ion.

The resul t  is  show n for  t he re levant

 7 TEV pp energy.    
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The re levanc e of  t he 7 TEV value is  
t hat  i t  is  s t at ed in  t he HUITU et  
a l .paper  t hat , a l t hough anot her  
observable (azim ut hal   asym m et ry) 
w ould prov ide a s im pler  ex per im ent a l  
t est , i t  w ould be essent ia l ly  t anbet a
 and MH+ independent  at  7 TEV, w here 
on t he c ont rary:

“ The t op poòlar izat ion is  a a bet t er  
probe of  t anbet a t han t he azx im ut hal  
asym m et ry” .
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As one sees f rom  t he Figure, t he pure 
EW MSSM ef fec t  is  essent ia l ly  t he 
sam e as t he one t hat  inc luded t he 
st rong SUSY ef fec t .

Apparent ly , t he st rong in t erac t ion 
ef fec t  has again c anc el led

(ex pec t ed f rom  Al r  (MZ).....).
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     This  w ould m ak e Al r  a  pot ent ia l  

          c lean det ec t or  of

      GENUINE SUSY EW EFFECTS.

     



39

         

Conc lus ions.

Assum ing t hat  Supersym m et ry w i l l  be
“ soon”  d isc overed at  LHC, a prec ise 
det erm inat ion of  i t s  fundam ent a l  
param et ers  (l i k e for  inst anc e t anbet a) 
m ight  be m ade m ore d i f f i c u l t  by t he 
unavoidable t heoret ic a l  unc ert a int ies 
due t o t he presenc e of  s t rong 
in t erac t ions.
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The a im  of  t he paper  t hat  I  have 
sum m arized is  t hat  of  propos ing t o t he
ex per im ent a l  c om m uni t y  an observable 
t hat  m ight  m in im ize t hose t heoret ic a l  
unc er t a int ies, and prov ide a w ay of  
m easur ing “ genuine SUSY ef fec t s” .

The w ork  t hat  has been done w as 
undeniably  l im i t ed. In  t h is  sense, a 
m ore ac c ept able c onc lus ion is  t hat , in  
m y opin ion, “ The t op polar izat ion 
asym m et ry  is  w or t h of  being 
invest igat ed bot h t heoret ic a l ly  and 

ex per im ent a l ly  in  m ore det a i l ” .     
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