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When asked about what to talk about?

Answer: 750 if confirmed (despite the fact | had nothing appealing) OR NMSSM (the
"safe" bet)
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When asked about what to talk about?

In the comments section you're welcome to lash out on the entire BSM community - we made a
wrong call so we deserve it. Please, however, avoid personal attacks (unless on me).

Alternatively, you can also give us a hug :)
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When asked about what to talk about?

Could have looked up ResonAAnces...

Particle Physics Blog

Thursday, 1 September 2016

Next stop: tth

This was a summer of brutally dashed hopes for a quick discovery of many fundamental
particies that we were Imagining. For the time being we need o focus on the ones that
actually exist, such as the Higgs boson. In the Run-1 of the LHC, the Higgs existence an
identity were firmly established, whie its mass and basic properties were measured. Thi
signal was observed with large significance in 4 differant decay channels (vy, 22, WW",
™), and two different production modes (gluon fusion, vector-boson fusion) have been
Isolated. Stil, there remains many fine etalls to sort out. The realistic goal for the Run-;
is o pinpoint the following Higgs processes:

= (h—bb): Decays to b-quarks.

- (Vh): Associated production with W or Z boson

= (tth): Associated production with top quarks.

It seems that the last objective
may be achieved quicker than

................. W
properiional o the (s4uare of the)

Vukawa coupling between th

Higgs boson and top quarks. B 00 Q )< %

Within the Standard Model, the

But that was what | talked about, here, 2 years ago...
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NMSSM, PLAN (motivtion(s)?)

» seems to fit with the topic of the meeting
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NMSSM, PLAN (motivtion(s)?)

» seems to fit with the topic of the meeting

» extension of what | talked about in 2009....
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NMSSM, PLAN (motivtion(s)?)

» seems to fit with the topic of the meeting
» extension of what | talked about in 2009....

» not much about motivation for the NMSSM
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NMSSM, PLAN (motivtion(s)?)

v

seems to fit with the topic of the meeting

» extension of what | talked about in 2009....

v

not much about motivation for the NMSSM

v

Renormalisation. But more about the definition/redefinition/reconstruction of
parameters
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NMSSM, PLAN (motivtion(s)?)

» seems to fit with the topic of the meeting
» extension of what | talked about in 2009....
» not much about motivation for the NMSSM

» Renormalisation. But more about the definition/redefinition/reconstruction of
parameters

» In particular when there are many of these parameters and when "things mix" and
when nothing but the SM has been seen!
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NMSSM, PLAN (motivtion(s)?)

» seems to fit with the topic of the meeting
» extension of what | talked about in 2009....
» not much about motivation for the NMSSM

» Renormalisation. But more about the definition/redefinition/reconstruction of
parameters

» In particular when there are many of these parameters and when "things mix" and
when nothing but the SM has been seen!

» Scheme/Scale dependence for a many-parameter set-up
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NMSSM: The Higgs Sector

3 Higgs superfields : two SU(2), doublets H, and Hy, as in the MSSM, and one
additional gauge singlet 5

. Ay - AS .
Hu = ,\L; 5 Hd = Ai B S.
0 i

o
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NMSSM: The Higgs Sector

Z3 — Higgs superpotential involves 2 dimensionless couplings A and &,

An ~ 1 4
WHiggs = —ASHd -Hy + 5;{83,
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NMSSM: The Higgs Sector

Z3 — Higgs superpotential involves 2 dimensionless couplings A and &,

An ~ 1 4
WHiggs = —ASHd -Hy + 5583,

*Acsoft,scalar = mfz-lu‘Hu|2 + mlzid‘HdF + m23|8|2

+AAHy - HgS + §KALS® + he
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NMSSM: The Higgs Sector

Z3 — Higgs superpotential involves 2 dimensionless couplings A and &,

An ~ 1 4
WHiggs = —/\SHd -Hy + 5583,

*Acsoft,scalar = mfz-lu‘Hu|2 + rnlz—ld"'ld'2 + m23|8|2

+AA\Hy - HaS + §1ALS® + h.e

Viigos =IA(HS Hy — HOHE) + wS°F + (i, + IAS®) (IHOP + 1M )

2 2
+ o 2
+ (i, + NSP) (1HBP + 1Hy 1) + S F= (IHGP + 1HI P = |HGP — 1My )
1

2
+ T HY + HOHG P+ mBISP + (MA(H] Hy — HIH)S + 5

KALS® + h.c).
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The Higgs fields

0
Ho Vg + hd+/ad
Hd — ? I )
Hy
H+
Hu = L:) ( h°+/a )
Hy Vu+ 25
h2 + idd
S=s+ =,
V2

As inthe MSSMtan 8 = t3 = v, /vg and v2 = vZ + V&, (vu = s5V, csv) and
M2, = g?v?/2. The non vanishing value of the vev of S also gives a solution to the
so-called p-problem of the MSSM, by generating this parameter dynamically:

Heff = |1 = AS.
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The Higgs fields

0
Ho Vg + hd+/ad
Hd — ? I )
Hy
H+
Hu = L:) ( h°+/a )
Hy Vu+ 25
h2 + idd
S=s+ =,
V2

As inthe MSSMtan 8 = t3 = v, /vg and v2 = vZ + V&, (vu = s5V, csv) and
M2, = g?v?/2. The non vanishing value of the vev of S also gives a solution to the
so-called p-problem of the MSSM, by generating this parameter dynamically:

Heff = |1 = AS.

we can also define:
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Minimisation. Trade-off

2
7710 A de,uyS

d,u,s
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Minimisation. Trade-off

1 s\ : h
Vinass = 5 (hg hB hg) Mé hg +§ (ag aﬂ ag) M/% ag —|—(h; hu_) Mi hi
o a2 “
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Charged Higgs, as in the MSSM, almost

Tro
1 —4 0 Sop 2/_/, 2 2 1/t/3 1
M2 =_| % 22 Z2(A " My, — A
=5 E + 5 525( >\+m)+< w v) 1 t
Vg ————
ME:M/%,MSSM
G* h*
=Us| 7],
H* hE
with (here quite simple)
c s
Us = 8 8
—Ss Cp
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Charged Higgs, as in the MSSM, almost

Tro
1 —4 0 Sop 2/_/, 2 2 1/t5 1
M2 =_| % 22 Z2(A " My — N
=5 E + 5 525( >\+m)+( w v) 1 t
Vg ————
MEI:M%,MSSM
G* h*
=Us| 7],
H* hE
with (here quite simple)
c s
Us = 8 8
—Ss Cp

Issues with definition of 5. Here it is just a rotation matrix, change of basis.
Observables are basis independent.
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Mass mixing in the CP-even Higgs system

M2 _ E M2 2 M2 2
St T 2y + MzCs + M3Sg,
T,0
Mg, = ¢+ Mzs+ Macs,
M2

M;, = M3, = (N — $)ses — Misscs,
M§13 = M§31 = Av(2ucs — (Ax +2m,)sg),
Méza = M§32 = Av(2uss — (Ax +2mx)cs),

H HS
ml=S|ml,
hs hg

N

2
2 (2 N2 ) 2 Ay 2
MZ<025+ "2 SQB) :MZ<1+( —1 52)3 . ‘F""
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The underlying parameters

tﬁv/\a HuuaAkyAFu (tHdv tHu7 ts) and g, g,7 V—e, MW3 MZ
—_———

in X sector also SM
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Charginos and Neutralinos, the link with the Higgs sector

e The mass matrix for the charginos reads, in the basis (W~ H;)

Mo \@Mwsg
\/éMwC/j 7

tz dep. very weak:

Measurement Of the Charginos masses reCOnStrUCt M2 and [ although assignment ambiguous unless one

has an idea about "higgsino"/wino content
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Charginos and Neutralinos, the link with the Higgs sector

The 5 x 5 neutralino matrix in the basis

Wl = il =T = (~iB°, ~iWg, Hy, ., 8°)

M; 0 —Mzswes  Mzswsg 0
0 M, Mzewes  —Mzewss 0
Y= | -Mzswcs Mzcwes 0 — -AvSs |
Mzswss  —Mzcwsg —p 0 —NA\yCs
0 0 —AvSs —AvCs 2

ts and X intertwined. If X small {5 extraction difficult.

LA 1
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Renormalisation: Parameters and counterterms. See my talk here in ...2009

> From Gp = tB,)\,m,y.,A/\,AK,(M%U,Mﬁd,/\/lgH[Hd,[Hu,[s),MrMQ and g, g, v — e, My, My
——— —
in X sector also SM
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Renormalisation: Parameters and counterterms. See my talk here in ...2009

> From Gp = tB,)\,m,y.,A/\,AK,(M%U,Mfld,MgH[Hd,[Hu,[s),MW.MQ and g, g, v — e, My, My
——— —
in X sector also SM

P shift all (independent basic Lagrangian) parameters: gp — Gp +Gp
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Renormalisation: Parameters and counterterms. See my talk here in ...2009

2 2 2 ’
> From Gp = tﬁ')‘"{""A/\'A"”’(MHu’MHd’MSH[Hd’[Hu’[S)’MT'MQ and 9,9 ,v — e My, My
—_———— —
in X sector also SM
P shift all (independent basic Lagrangian) parameters: gp — Gp +Gp
P this means that mass mixing will appear: non diagonal transition A?ZO s A? GO, hyhg, ... (6mhl_hj, szHi Gt ) and diagonal masses shifted

(5m,2,i)A

LAPTA
F. BOUDJEMA (LAPTh) Renormalisation of the NMSSM Lisbon, September 2016 1/29



Renormalisation: Parameters and counterterms. See my talk here in ...2009

. 2 2 2 ’
> From Gp = tﬁ'*"‘""A/\'A"”’(MHu’MHdTMSH[Hd’iHu’IS)’MT'MQ and 9,9 ,v — e My, My
—_———— —
in X sector also SM
P shift all (independent basic Lagrangian) parameters: gp — Gp +Gp
P this means that mass mixing will appear: non diagonal transition A?ZO s A? GO, hyhg, .. 6mh h sm? Lt gt ) and diagonal masses shifted
(6m,27i).

P No need to apply shifts to the diagonalising matrices (Sp, U(B), - - - ), these are renormalised (no shift), same with gauge-fixing (not physical)

Gt n G* nY
= Ul d impli = U d .
< s )0 (8) ( hj )0 implies also ( s ) (B) ( hj )
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Renormalisation: Parameters and counterterms. See my talk here in ...2009

— . 2 2 2 /
> From Gp = t[f**?"""A/\'AN*(MHu*MHdTMS"tHd*iHu*IS>’MW'M2 and g,g ,v — e, My, My
—_———— —
in X sector also SM
P shift all (independent basic Lagrangian) parameters: gp — Gp +Gp
P this means that mass mixing will appear: non diagonal transition A?Z[J s A? Go, hyhg, .. 6mh h sm? Lt gt ) and diagonal masses shifted
(6m,27i).

P No need to apply shifts to the diagonalising matrices (Sp, U(B), - - - ), these are renormalised (no shift), same with gauge-fixing (not physical)

Gt nt Gt nt
= d impli = d
< s )0 u(B) ( hj )0 implies also ( s ) u(B) ( hj ) .

P In any case field renormalisation (before or after rotation) still needed

0 0 0 0

hgj hg) Ag) Aa ot ot

| =Zs|hy|. |A| =2 |A | yt) = Zc o ( (Zg)jj =1+ 5Zh,-hl-/2)
n R e fed 0

370 3 0
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F. BOUDJEMA (LAPTh) Renormalisation of the NMSSM Lisbon, September 2016 1/29



Renormalisation: Parameters and counterterms. See my talk here in ...2009

— . 2 2 2 /
> From Gp = t[f**?"'“’A/\'AN*(MHu*MHd=MS"tHd*iHu*IS)’MW'A@ and g\;,g,vae,MW,MZ
—_———— —_—
in X sector also SM
P shift all (independent basic Lagrangian) parameters: gp — Gp +Gp
P this means that mass mixing will appear: non diagonal transition A?Z[J s A? Go, hyhg, .. 6mh h sm? Lt gt ) and diagonal masses shifted
(6m,27i).

P No need to apply shifts to the diagonalising matrices (Sp, U(B), - - - ), these are renormalised (no shift), same with gauge-fixing (not physical)

+ + +
< ii )O:U(ﬁ)< Z; )0 implies also ( ’Cj+ ):U(B)( :% )

P In any case field renormalisation (before or after rotation) still needed

Q

0 0 0 0
2 o) [ a) (et o*
h% =Zg h% , A% =2 A% c ol | =2 (g ) C @) =1+ 52 /2)
n/ h e/, G 0
>
¢ 2 _ 2) _ 2 _
zh?h? ) = fh?h?(ll 5!712 +( mz?)ézh
2 _ 12 —
zh?h/g ) = ’:h?n]‘?(p 5rr120 0 +3% mi?)szh?h? + 30 mi?)szh?h?
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Conditions: To define wave function renormalisation constants and the
counterterms for the underlying parameters

» Mixing vanishes between physical states when these are on-shell, essentially (to
solve for §Zj’s

» Residue at the pole (mass) of the propagator is 1

» The other conditions are set by using/choosing a (minimum/sufficient) set of
physical masses as input parameters except aem. Only two point-functions are needed

(in the present implementation of the NMSSM).

» which minimum set?
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Solving for a coupled system of counterterms

dinputy
= PS, param.

dinput
8 + L0 K0 20
XX ,h/. ’Ai JHE

oM,
oMo
6Kk o
o e
oA
ols
0AN
0A.

R, resiqual COUNtErterms such as gauge couplings, etc (SM)

F. BOUDJEMA (LAPTh) Renormalisation of the NMSSM

+ Rn,residua]:
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Finding the counterterms. Inverting the system
Best to break up the system. Pp param. = Pm,param. ® Ppparam. B+, M+p+---=n

At each step, if possible, avoid a choice such that Det(Pm,param.) — 0 (like picking up a wino-like

neutralino to reconstruct My).

LA 1
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Finding the counterterms. Inverting the system
Best to break up the system. Pp param. = Pm,param. ® Ppparam. B+, M+p+---=n

Easiest set up:
» a mixed DR, with f5 extracted independently from the Higgs sector (through wave

function renormalisation condition) &ts/ts = [5(6Zu, — 6Z4,)]

oo’
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Finding the counterterms. Inverting the system
Best to break up the system. Pp param. = Pm,param. ® Ppparam. B+, M+p+---=n

Easiest set up:

» a mixed DR, with t; extracted independently from the Higgs sector (through wave
function renormalisation condition) &ts/ts = [5(6Zu, — 6Z4,)]

oo’

» Then u, M, from charginos (always)
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Finding the counterterms. Inverting the system
BeSt to break Up the SyStem- Pn,param. = pm,parum. 57 Pp,param. &®--- ) m+ ,O +---=n

Easiest set up:
» a mixed DR, with t; extracted independently from the Higgs sector (through wave
function renormalisation condition) 6ts /ts = [(62Zn, — 62Zu,)] __
» Then u, M, from charginos (always)

» Then M, k, (A) from neutralinos
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Finding the counterterms. Inverting the system
BeSt to break Up the SyStem- Pn,param. = pm,parum. 57 Pp,param. &®--- ) m+ ,O +---=n

Easiest set up:

v

a mixed DR, with t; extracted independently from the Higgs sector (through wave

function renormalisation condition) &ts/ts = [5(6Zu, — 6Z4,)]

oo’

v

Then p, M, from charginos (always)

v

Then Mi, , (A) from neutralinos

v

Ax, Ac()) from Higgs (A, h, HT)
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Finding the counterterms. Inverting the system
BeSt to break Up the SyStem- Pn,param. = pm,parum. 57 Pp,param. &®--- ) m+ ,O +---=n

Easiest set up:

v

a mixed DR, with t; extracted independently from the Higgs sector (through wave

function renormalisation condition) &ts/ts = [5(6Zu, — 6Z4,)]

oo’

v

Then p, M, from charginos (always)

v

Then Mi, , (A) from neutralinos

v

Ax, Ac()) from Higgs (A, h, HT)

P = P1,tﬁ @ P27X1iz &) P37X° ) PZ,A?,Ag OR

Pg = PHB &) 7)27X1:E’2 D ngxo ) Pa,Hi,Aﬁ’,Ag(ho)
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Finding the counterterms. Inverting the system
Best to break up the system. Pp param. = Pm,param. ® Ppparam. B+, M+p+---=n

Or,
Go all On-Shell, 8 x 8, identified?: Ps_Xi

0 + 20 p0 8 Masses
X7 ,20X7 2,3 0% AN

H* — A, only

A Y — A, and A, A. sensitive to singlet

\, t; weak from x =, x° better from Higgs masses.

Variants (that all take the chargino masses as input):

OS;ja, a,+++ With the masses of 3 x° preferably b, h, 5-dominated
OSjn,, a, a1+ (0Only 2 neutralinos)

OSih,hya,2,1+ (ONly ONe neutralino, b)

LAPTHh
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Finding the counterterms. Inverting the system
Best to break up the system. Pp param. = Pm,param. ® Ppparam. B+, M+p+---=n

Or,
Go all DR
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Schemes. Scales. OS vs DR vs mixed schemes
Renormalisation: a definition of the underlying parameters to get rid of infinities.
» The infinities: Most loop calculations (1, 2, 3-point functions), regularization
introduces Cuy = 2/e — ve + In(4r /i) = 2/€ — v + In(4) + In(1/7i%)
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Schemes. Scales. OS vs DR vs mixed schemes
Renormalisation: a definition of the underlying parameters to get rid of infinities.
» The infinities: Most loop calculations (1, 2, 3-point functions), regularization
introduces Cuy = 2/e — ve + In(4r /i) = 2/€ — v + In(4) + In(1/7i%)
» The definition of an underlying parameter at one-loop, say OS scheme, based on
a physical (hence gauge-invariant quantity). The counterterm

opi/Pi = B (Cuv +In(Qp /) (B, = Opi/0In1/[i)
Note In(Qpy,) = In(Qp,) + F (@), Qu, is scheme dependent but 3, universal
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Schemes. Scales. OS vs DR vs mixed schemes
Renormalisation: a definition of the underlying parameters to get rid of infinities.
» The infinities: Most loop calculations (1, 2, 3-point functions), regularization
introduces Cuy = 2/e — ve + In(4r /i) = 2/€ — v + In(4) + In(1/7i%)
» The definition of an underlying parameter at one-loop, say OS scheme, based on
a physical (hence gauge-invariant quantity). The counterterm
6pi/Pi = Bp(Cuv +In(Qy /1)) (Bp = Opi/OIn1/[i)
Note In(Qp,) = In(Qy;) + F(Qp,), Qu; is scheme dependent but 3, universal
» The parametric dependence of an observable on the parameter p; is xp,,
00/0p; = kp,
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Schemes. Scales. OS vs DR vs mixed schemes
Renormalisation: a definition of the underlying parameters to get rid of infinities.
» The infinities: Most loop calculations (1, 2, 3-point functions), regularization
introduces Cuy = 2/e — ve + In(4r /i) = 2/€ — v + In(4) + In(1/7i%)
» The definition of an underlying parameter at one-loop, say OS scheme, based on
a physical (hence gauge-invariant quantity). The counterterm
6pi/Pi = Bp(Cuv +In(Qy /1)) (Bp = Opi/OIn1/[i)
Note In(Qp,) = In(Qy;) + F(Qp,), Qu; is scheme dependent but 3, universal
» The parametric dependence of an observable on the parameter p; is xp,,
00/0p; = kp,
» In our DR we will only keep 8p, Cuv, the "finite part" is set to 0. In OS "finite part" is
Bo; In(Qp, /2)
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Schemes. Scales. OS vs DR vs mixed schemes
Renormalisation: a definition of the underlying parameters to get rid of infinities.
» The infinities: Most loop calculations (1, 2, 3-point functions), regularization
introduces Cuy = 2/e — ve + In(4r /i) = 2/€ — v + In(4) + In(1/7i%)
» The definition of an underlying parameter at one-loop, say OS scheme, based on
a physical (hence gauge-invariant quantity). The counterterm
6pi/Pi = Bp(Cuv +In(Qy /1)) (Bp = Opi/OIn1/[i)
Note In(Qp,) = In(Qy;) + F(Qp,), Qu; is scheme dependent but 3, universal
» The parametric dependence of an observable on the parameter p; is xp,,
00/0p; = kp,
» In our DR we will only keep 8p, Cuv, the "finite part" is set to 0. In OS "finite part" is
Bo; In(Qp, /2)
» Full one-loop correction: 60/0O = A(Cuyv + In(Qa/R)) + >, kidpi/pi
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Schemes. Scales. OS vs DR vs mixed schemes
Renormalisation: a definition of the underlying parameters to get rid of infinities.
» The infinities: Most loop calculations (1, 2, 3-point functions), regularization
introduces Cuy = 2/e — ve + In(4r /i) = 2/€ — v + In(4) + In(1/7i%)
» The definition of an underlying parameter at one-loop, say OS scheme, based on
a physical (hence gauge-invariant quantity). The counterterm
6pi/Pi = Bp(Cuv +In(Qy /1)) (Bp = Opi/OIn1/[i)
Note In(Qp,) = In(Qy;) + F(Qp,), Qu; is scheme dependent but 3, universal
» The parametric dependence of an observable on the parameter p; is xp,,
00/0p; = kp,
» In our DR we will only keep 8p, Cuv, the "finite part" is set to 0. In OS "finite part" is
Bo; In(Qp, /2)
» Full one-loop correction: 60/0O = A(Cuyv + In(Qa/R)) + >, kidpi/pi
> 60% /O =37, Borip, IN(Qp/Qn)  SOF /O =1In(7i/Qa) 32, Bpikipy)

good choice of Qpi , i especially if large 3, . In full DR p dep. trackable. ;
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Schemes. Scales. OS vs DR vs mixed schemes
Renormalisation: a definition of the underlying parameters to get rid of infinities.
» The definition of an underlying parameter at one-loop, say OS scheme, based on
a physical (hence gauge-invariant quantity). The counterterm
opi/pi = Bp,(Cuv +In(Qp, /1)) (By, = 9pi/dIn fi)
Note In(Qp,) = In(Qy,) + F(Qp,), Qp, is scheme dependent but /3, universal
» The parametric dependence of an observable on the parameter p; is xp,,
00/0p; = kp,
» Full one-loop correction: 60/O = A(Cuv + In(Qa /L) + >, kidpi/ i
> $0%/O0 =3, Bpkip IN(Qp,/Qa) GO /O = In(i/ Qa) 3=, Bpiim)
good choice of Qp; , /2 especially i large 3, rs. In full DR 41 dep. trackable.

» mixed scheme, say po DR (the rest of p; is OS). In the inversion of OS scheme, po

may enter as residual (good choice?)

5omixed 505 -
o =g+ b~ ron(Qu/m) + 3 ko m(G/m)
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LanHEP
MSSM Lagrangian
Counterterms
Renormalisation schemes

N

MicrOMEGAs || FormCalc/FeynArts/LoopTools An automatic code for calculation of loops
@ Tree-Level Computation of one-loop processes diagrams for SM and BSM processes

(cross-sections, decays, mass corrections)

j/iﬂ-hOU'S'e_‘FfO'O'p—rO'Uﬁ'I"I'G'S‘ with application to colliders, astrophysics

" not yet automatised and CosmOIOgy'

MicrOMEGAs
@ One-Loop

Automatic derivation of the CT Feynman rules and computation of the CT's
Models renormalized: SM, MSSM, NMSSM, xSM (w/ & w/o singlet vev)
Modularity between different renormalisation schemes.

Non-linear gauge fixing.

Yy Y VY VY Y

Checks: results UV, IR finite and gauge independent.

LAPTR
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Application to Higgs decays in the NMSSM

Point A(Qu. = 1117.25GeV,

m; = 173GeV, my, = 125.45GeV(1-loop OS))
1

My 700 | A 01 | A 0 | ms 1740 | mpp 1000
M, 1000 | x 01 | A 4000 | m; 800 | m; 1000
Ms 1000 | u 120 | A, 1000 | ms 1000 | m, 1000
10 | Ay 150 | A/ 1000 | mg , 1000 | mg;, 1000

)\AA = 15GeV, At/A)\ ~ 27

Point B(Qqusy = 753.55GeV, m; =

146.94GeV, Mo
1

= 124.44GeV(1-loop OS))

My 120 | A 067 |A. 0 | ms 750 | mpp, 1500
M, 300 | x 02 | A 1000 | my 750 | m; 1500
Ms 1500 | ;200 | A, 1000 | ms 1500 | m, 1500
f» 192 | A\ 405 | A, 1000 | mg , 1500 | mg5, 1500

Ay = 271GeV, At/A)\ ~25

F. BOUDJEMA (LAPTh)
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Applications. Two scenarios

Point A Point B

Point A Point B

0 50 - >
A 11% 22.5% Xy B . 56.6%
! 8 w - 32.3%
" o &
"8 Soe% endw R esa%  103%
e o 101% 3 077% 0.8%
0 50
B - 4.0%
0 0 %3
H H 0.1% 0.% 5
S R 3°/° 12 5:/ wo - 2.6%
B soew  srew B 995%  19.3%
° o - 80 - 74.0%
J B - 10.1%
WKy ess%  T15% X3 oo o
n 1.1% 19.7% .
0 A 0.9% 78.9%
hd 0.1% 2.8% i
5 99.1%  11.0%
0 50
QP 0% 18% <4 ?o 99.6%  18.1%
Q 0% 0.5% V_VO - 12.3%
0 i - 55.8%
a2 100%  97.7% h
S - 13.7%
0 0
B - 11.29
A& e90%  769% x5 5 %
9 10/
Q0 1.0% 20.8% V~Vo 99.3%  52.8%
a2 0.0% 2.3% {’0 0.69%  35.7%
int A: S - 0.4%
Point A: hy, hs, hy, as, ag . _
Point B: hy, hs, hy. as, ag Point A: h, b, f ?, W
Point B: b, §, h, , i

Beware. B much more mixing, A quite pure

LAPTH
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Point A. 5’s and counterterms
(Binunits of 107%) B, = —11.4, 8, = 16.9, 8y = —11.7,8,. = —0.76, B, = —1097.4

LAPTA
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Point A. 5’s and counterterms
(Binunits of 107%) B, = —11.4, 8, = 16.9, 8y = —11.7,8,. = —0.76, B, = —1097.4

214}
167 h2 dt
21dﬂ
167 2 di
1 dA,
1 2
6 A, dt
1621dA,

Ar dt

F. BOUDJEMA (LAPTh)

21d)\

2 _ 2
o, 16n 5 - =3,
» 21 dA
3h;, 167 A dt =6h,
3h2 )
2 21 dAc 2 Ay
6K, (16n° - ~of =6+ BN 7).
Renormalisation of the NMSSM Lisbon, September 2016
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Point A. 5’s and counterterms

(Binunits of 107%) B, = —11.4, 8, = 16.9, 8y = —11.7,8,. = —0.76, B, = —1097.4
Finite parts computed at i = Qusy = 1117.25GeV.

11344, 4, OS34n, a1 A+
(1) 11, 0t /s, N/ N)smire = (—2.42%, 0, 62.26%); (—1.57%, —80.69%, —7.88%)
1344, Ay OS34nyp, Ah+)

(85K, 6Ax ) Ax, A« )inite = (64.01%, —5.49%, 0.65); (—6.01%, 134%, 0.66) .
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[’s and counterterms

(B in units of 1073%)

B, = —11.40, 8, = 16.9, B = —11.65, B, = —0.76, fa, = —1097.4

B. = —14.25, 8, = 17.63, B = —20.45, 3, = —18.57, B, = —122.7

LAPTA
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[’s and counterterms

(8 in units of 107%)
Bu = —11.40, B, = 16.9, 8 = —11.65, 3. = —0.76, 3a, = —1097.4

Finite parts computed at i = Qqusy = 1117.25GeV.
OS.

11344 A, 34hy Aq AgHF
() 11, 85 /3, N/ N)smie = (—2.42%, 0, 62.26%); (—1.57%, —80.69%, —7.88%)
1344, Ay OS34nyp, Ah+)

(65K, 6Ax ) Ax, A« )iniie = (64.01%, —5.49%, 0.65); (—6.01%, 134%,0.66) .
B, = —14.25 8, = 17.63, B\ = —20.45, B, = —18.57, fa, — —122.7

"Finite parts" computed at i = Qusy = 753.55GeV
OS.

1234, Ay 34hy Aq Ap HT
(1) 11, 615 /s, M/ N)imite = (—1.04%,0,3.71%): (—1.63%, 6.49%, 5.94%)
t1234; 4, OS34n, a1 g+

(0K /1, 5Ax /A, 5A)mie = (3.25%, 6.85%, 10.84); (6.05%, 3.40%, 11.54) .
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Point A, parametric dependence

g g
—h3hih2 % —raninz ok —h3h1h2
o F|—h2A1AL ® —h2A1AL . —h2A1AL
<8F|_H30103 <40 —H30103 <3F | Hso103
sob|—A2zh2 ':iérzm f —A2zh2
—A2C1CL o —A2ciCL
40 20F
20 15f
o 10F
20f
20 sk
_aof-
O [ A0E L b b bbbl Lol [T P T |
20 -15 -10 5 0 5 15 20 -20 -15 -10 -5 0 5 10 15 20 -40 -35 -30 -20 -15 -10 -5 0
DI %] AN % Ax
sl —hahihe g —hanih2 3
2 —h2A1AL o —h2A1AL Yeo —h3hih2
o o o | —
Q10f —H30103 Qzf —H30103 a h2ALAL
—A2Zh2 —A2Zh2 —H30103
sl
o —A2c1Cl 2o —A2C1CL _pozh2
10f —A2c1CL
20
. -10F of
20f
_10F -20f
_of
1 Il Il Il Il Il Il 1 1 Il Il Il L Il Il L 1 1 Il Il Il Il L L 1
20 -15 -10 5 0 10 15 20 -20 -15 -10 -5 o 5 10 15 20 -20 -15 -10 o 5 10 15 20
AAJA, 1] Awp(% Atan Bitan B [%]
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- : a 0 A0 O C
Point A, smglet-llke. hz,A s X3 Gsusy = 1117, g = 240, "0 49, e ~ 570, ¥ = (h, B, &, b, W)

i=

units width=GeV/100 t3aa, 4, p=my_ 0334,72 AdH+ DR,y =mp_, DR Qsusy

LAPTR
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Point A, Singlet—like: hg A? 'Xg, Qgusy = 1117, g = 240, m Lk~ 570, %9 = (b, h, 5, b, W)

0 A0
hS'AZ

units width=GeV/100 4 3441 Ag =y, _, OSsan,a a0+ DR, = mp_. DR Qsusy

h = X%, 4.61(1%) 4.03 (-11%)  4.13 (-9%) 4.21 (-7.4%)
A — 90 4.22(28%) 3.72 (13%) 3.30 (0.3%) 3.24 (-1.6%)
Al = X%, 4.96 (-10%) 5.43 (-1.5%) 5.15 (-6%) 5.06 (-8%)
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Point A, Singlet-like: hg A? Xg, Qsusy = 1117, g = 240, m

10 0 ik ™ 570,,2? = (h, h, 3, b, W)
3%

units width=GeV/100 t3aa, 4, p=my_ 0334,72 A AgH+ DR, B=Mp_, DR Qsusy
= AAY 109 (128%)  4.21 (-12%)  4.80 (0.4%) 4.77 (-0.4%)

LAPTR
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- : a 0 A0 O C
Point A, SIngIet-Ilke. h2, A1 s X3 Gsusy = 1117, g = 240'mh8.Ag.Hi ~ 570, %9 = (h, h, 5, b, W)

units width=GeV/100 4 3441 Ag =y, _, OSsan,a a0+ DR, = mp_. DR Qsusy

= %953 7.80 (122%) 3.41 (-3%) 3.58 (2%) 3.52 (0.3%)
hS — %3%3 7.64 (126%) 2.19 (-35%)  3.47 (3%) 3.42 (1.1%)
AS = R9%3  5.62 (130%) 1.69 (-31%)  2.63 (8%) 2.59 (6.2%)
A= 8% 6.71 (122%) 2.87 (-5%) 3.01 (-0.4%)  2.96 (-1.9%)
HY = (%3 14.4 (125%) 5.24 (-18%)  6.57 (3%) 6.47 (1.1%)
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- : a 0 A0 O C
Point A, SIngIet—Ilke. h2, A1 s X3 Gsusy = 1117, g = 240, "0 4G 1 570, 0 = (h, B, 5, b, #)

units width=GeV/100 4 3441 Ag =y, _, OSsan,a a0+ DR, = mp_. DR Qsusy

H — KR 4.76 (116%) 3.95(79%)  3.35(52%) 217 (-1.7%)

LA 1
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- : a 0 A0 O C
Point A, SIngIet-Ilke. h2, A1 s X3 Gsusy = 1117, g = 240'mh8'Ag'Hi ~ 570, %9 = (h, h, 5, b, W)

units width=GeV/100 1‘13;1,41,42&:,,7,7’H OSS4h2A1A2H+ ﬁ, M= My DR Qsusy
hg — A?A? 10.9 (128%) 4.21 (-12%) 4.80 (0.4%) 4.77 (-0.4%)

With A, = 0 (at tree-level), this interaction stems solely from the term x2S*. The
trilinear 1°s oc (k8)%/s o< A/ (rS)?. 2ks sets the mass of the singlino. The percentage
correction 128% in the t scheme and —12% in the OS scheme extremely well
approximated by the A dependence (~ 25\/)) of the counterterm.

B = —11.40, Brﬁ =16.9, 8y = —11.65, f,c = —0.76, 55 | = —1097.4
Finite parts computed at i = Qsusy = 1117.25GeV.

13441 A, OS3any A A H
(610/ 11, 513 /15, 57/ Nfnite = (—2.42%, 0, 62.26%); (—1.57%, —80.69%, —7.88%)
LETVIV S OS3any a1 AgHH)

(8k/r, 5Ax /A, 5Aw inite = (64.01%, —5.49%, 0.65); (—6.01%, 134%, 0.66) .
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; ; ika- PO A0 .0 P
Point A, SIngIet-Ilke. h2, A1 s X3 Gsusy = 1117, g = 240'mh8.Ag.Hi ~ 570, %9 = (h, h, 5, b, W)

units width=GeV/100 1“134,41,42,u:mhiH OSS4h2A1A2H+ ﬁ, M= My DR Qsusy
hg — A?A? 10.9 (128%) 4.21 (-12%) 4.80 (0.4%) 4.77 (-0.4%)

With A, = 0 (at tree-level), this interaction stems solely from the term x2S*. The
trilinear 1°s oc (k8)%/s o< A/ (rS)?. 2ks sets the mass of the singlino. The percentage
correction 128% in the t scheme and —12% in the OS scheme extremely well
approximated by the A dependence (~ 25\/)) of the counterterm.

e The other decays of the Higgses (CP-even, CP-odd or charged ) into
neutralinos/charginos involving the mostly singlet \J require mixing (through X for
these processes to proceed. Once this is identified, the results (~ 256\ /\)are very
similar to the one obtained for h, — AJAJ.

F. BOUDJEMA (LAPTh) Renormalisation of the NMSSM Lisbon, September 2016 !‘4:/’ 29



- : a 0 A0 O C
Point A, SIngIet-Ilke. h2, A1 s X3 Gsusy = 1117, g = 240'mh8'Ag'Hi ~ 570, %9 = (h, h, 5, b, W)

units width=GeV/100 t134A1A2aH:mh,-~> OSsan,a, A H+ DR, i = M- DR Qsusy
H — RS 4.76 (116%) 3.95(79%)  3.35(52%) 217 (-1.7%)

with X small hy hphg ~ h3hGhS, the coupling can be read off directly from the potential (before
diagonalisation):

M+ 2kpu
the differences between the schemes explained by the values of the counterterms. Here Qgsusy is
a good scale in DR. but the scale dependence is very large.
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Point B: Strong parametric dependence

T F30F
;540 —hahinz =¥ Cranine
F )
B —h3h2h2 S2F |—h3h2h2
. <
< A2ALhL 2of [—A2ALN
—HrWAL — He W AL
o —A2cicl BF |~ az2cici
10
sk
ok
o
10f
1 Il Il Il Il Il Il 1 -60) 1 1 -E-I Il Il 1
-20 -15 -10 -5 5 10 15 -20 -15 -10 -5 0 10 15 20 0 5 10 15 20 25 30 35 40
BK/K [%)] BNA[%] Ax
BE [-remne 2 e
o —h3h2h2 4
% Gsob| —h3h2h2
Joo- —A2ALNL < [|—-A2A1m
—H+WAL rewall
- 100
A2cicy prcicd
s
sof-
of
sl b
-100 -100F
1 1 1 1
-20 -15 -10 -5 o 5 10 15 20 -20 -15 -10 -5 o 5 10 15 20
D% A tan Bitan B [%]
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Point B Strong parametric dependence

Sisp- —h3 h1 h2 Sl
Q —h2 Al Al 9
<k —H3 0103 H
—A2Zh2 sk
st —azcicl
o o
ETEY)
SF —h3h2h2
SO — A2 AL h]|
ok —H+ W Al
—A2C1C
sl

10

LAPTH
F. BOUDJEMA (LAPTh) Renormalisation of the NMSSM Lisbon, September 2016 7129



Point B. Mixing large, difficult to discuss in terms of the (almost) "pure"

states
OSion,a, 4+t DR DR Qsusy
h3 — %953 (14%) (5%) (3%)
M — AZ (3%) (-3%) (-8 %)
h — M (-25%) (-106%)  (-50%)
h — hdhg (6%) (13%)  (-28%)
AO — XXy (7%) (2%) (1%)
A0 — %959 (32%) (2%) (2%)
Ag — Zh (12%) (-16%)  (-9%)
AY 5 AOHD (-0.3%) (-32%)  (-17%)
HY - %559 (6%) (10%)  (8%)
HY = WHRY  (11%) (-18%)  (-10%)
H* = WHAY  (2%) (-3%) (-9%)
c+<0 N 9 o
o OS does a good jnkﬁ X X4 (21%) (9%) (9%)

e Again hzhohy large scheme dependence. The coupling is not totally controlled by A, which runs

less, however the parametric dependence on A, is quite large LAPTA
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Summary

» Full renormalisation (all sectors) of the NMSSM at one-loop completed.
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Summary

» Full renormalisation (all sectors) of the NMSSM at one-loop completed.

» Allows to choose between different on-shell schemes and also "mixed schemes"
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Summary

» Full renormalisation (all sectors) of the NMSSM at one-loop completed.
» Allows to choose between different on-shell schemes and also "mixed schemes"

» Drawback: large scheme dependence for some observables, in particular in some

scenarios
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Summary

» Full renormalisation (all sectors) of the NMSSM at one-loop completed.

» Allows to choose between different on-shell schemes and also "mixed schemes"

» Drawback: large scheme dependence for some observables, in particular in some
scenarios

» Must go beyond taking only masses as input (conditions on 2-point functions).
When new particles are discovered, not only their masses will be measured but
the way they are produced, the strengths of their production and decays offer an
important handle that may not need the reconstruction of the whole spectrum
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Summary

» Full renormalisation (all sectors) of the NMSSM at one-loop completed.
» Allows to choose between different on-shell schemes and also "mixed schemes"

» Drawback: large scheme dependence for some observables, in particular in some

scenarios

» Must go beyond taking only masses as input (conditions on 2-point functions).
When new particles are discovered, not only their masses will be measured but
the way they are produced, the strengths of their production and decays offer an
important handle that may not need the reconstruction of the whole spectrum

» This is technically much more challenging, but it is possible (at least in some
manifestations). In the MSSM A° — 77 was shown to be an excellent input for t3,
see my 2009 talk.
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