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STATING THE CHALLENGE

= The NMSSM is a typical theory with many fields, parameters, mixing and #
sectors intertwined
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STATING THE CHALLENGE

B

* The NMSSM s a typical theory with many fields, parameters, mixing and #
sectors intertwined

(= of the Lagrangian parameters are not directly measurable in
experiments

= How to reconstruct them unambigously and precisely from experiments ?

5

At the LO this is already a non-trivial task
> which observable to take as input, in the (apart from Higgs
and SM) 7?
> Choice of input almost infinite
Mixing: states tangled up
> Breaking up degeneracies, signs...(even phases? But here only & param)
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At the LO this is already a non-trivial task
> which observable to take as input, in the (apart from Higgs
and SM) 7?
> Choice of input almost infinite
> Mixing: states tangled up
> Breaking up degeneracies, signs...(even phases? But here only & param)

At NLO things get even more complicated

> mixing due to field renorm.
> Scale/Scheme dependence of the parameters (related to choice of input at LO)
» Rad. cor. under control ?
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STATING THE CHALLENGE

= The NMSSM is a typical theory with many fields, parameters, mixing and #
sectors intertwined

(= of the Lagrangian parameters are not directly measurable in
experiments

= How to reconstruct them unambigously and precisely from experiments ?

== At the LO this is already a non-trivial task
> which observable to take as input, in the (apart from Higgs
and SM) 7?
> Choice of input almost infinite
> Mixing: states tangled up
> Breaking up degeneracies, signs...(even phases? But here only & param)

== At NLO things get even more complicated

> mixing due to field renorm.
> Scale/Scheme dependence of the parameters (related to choice of input at LO)
» Rad. cor. under control ?

1
Currently, no obvious choice of input to guide us, make educated guesses (e.g start j
with masses) and test. Benefit from experience gained with the MSSM !
(from LO and NLO studies). Stay agnostic and test several possibilities to gain
insights. -
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COUNTING PARAMETERS

Z PV K A
Wimssm = Wassmlu=o + ASH, - Hy + 553

1
—Lsott, = m;zqulH,,|2 + m%-lledlz + m3|S1> + (MAxH, - HyS + 5:@&53 +ho)

with

~(va + (K 4 id5) /2 B HY - L
H"’( Hy = () yz)r ST ST FiE)/V2
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COUNTING PARAMETERS

WI\ZI;I?ASSM = Wussm|p=o + ASH, - Hy + = 5°

w| =

1
~Loote = miy, [Hul* + miy, [Hal® + m5|S” + (VANHy - HyS + £ 5AS® + hoc)

with

_ (va + (hg +iag)/V2 _ H, _ 0 0
o= (00 M yva) ST G2

NMSSM HIGGS POTENTIAL WITH Z3 SYMMETRY, R PARAM

Viiggs =AY Hy” — HOHE) + k8% + (miy, + IASP?) (IHO + |H;?)
2 72
2 2 0,2 2 g tsg 0,2 2 0,2 =2\2
+ (miy, + IASP) (1M1 + 1H] 1) + 5= (IH2P + 1M P = HG1P = 1HG TP)

2
. . _ 1
+ S HTHS + HOHE™ P+ m3 ISP + (ML (H] H — HQH))S + SRALS® + huc).
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COUNTING PARAMETERS

NMSSM HIGGS POTENTIAL WITH Z3z SYMMETRY, R PARAM

Viiges =IMH Hy — HOHG) + 1S + (i, +1ASP) (1K + 1M 12)
+ (mfy, + 1AS1%) (|H°|2+\H*|2)+ﬂ§ (IHE + 11 P = 1HSP2 = 11 7)
Hy d d 42 u u d d

M2 . . _ 1
4 TZV|HU+H3 + HOH; [P+ mz|SIP + (MAN(HS Hy — HOHS)S + 35 S* + h.o).

and tan 3 = v, /vy and s

. 2 2 2 2t 3 > 2 2 5 +
d/ag(mhcl), mhg, mhg) = SpMsS,, d/ag(mAg, mAg,O) = P.MpP,, my
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COUNTING PARAMETERS

NMSSM HIGGS POTENTIAL WITH Z3z SYMMETRY, R PARAM

Viiggs =IAHI Hy — HOHE) + k8% + (i, +IXSP?) (JHOI + |H?)

z 2
+ (i, + ISP (1K + 1HG1P) + 25 (IHOF + 1H P = 1HP = 1H7 )

M2 . . _ 1
+ V—ZV|HU+H2 + HOHT ™12+ m2| S + (AN (HTHy — HOHD)S + A S® + h.o).

M:
4

and tan 3 = v, /vy and s

. 2 2 9 2t . 2 2 2 pt
d/ag(mhcl), mhg, mhg) = SpMsS,, dlag(mA?, mAg,O) = P,MpP,,

miy

NEUTRALINO SECTOR

M1 0 —Mzsng Mst55 0
M2 Mzcwcg —Mzcwsg 0
. 0 —Hetf —Avsg
. 0 —Avcg
2ks
N
—(x9,%9,%3,%3,%2)
v

CHARGINO SECTOR

X = ( M, ﬁMWSa)
V2Mwcs Pett
UV
—iE %) )
LPT
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INPUT PARAMETERS

All in all we have

/ . 2 2 2
5,8 7Vu:des7)‘7h7A>\7Ah7mHu7de7m57M17 Mo
~ ———

SM  Higgs & x
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INPUT PARAMETERS

All in all we have

Higgs & x
! 2 2 2
g,8,V, tﬂv>‘aHa.u'aAA’A/~’mHu7de’m57 Mla Mo
——

gauge
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INPUT PARAMETERS

All in all we have

Higgs & x
! 2 2 2
g,8,V, t67>\:hj:#:A)\,A%:mHiﬂde’mSa Ml: MZ
——

gauge

we trade some for physical parameters

Higgs & % %
—— —
e, Mz,sw, tz, A, Ky iy Ax, Ak thgv thg’ thga My, M»
—_—
Higgs

LPT

CHALONS Guillaume ON THE RENORMALISATION OF THE NMSSM 4,




INPUT PARAMETERS

All in all we have

Higgs & %
! . 2 2 2
g,8,V, tﬁ7>‘:h:”:A)u 7mH“7de,m5aM1:M2

gauge

we trade some for physical parameters

Higgs & % X
— —
eyMZ’SW7tﬁy)‘7H7M7A)\7 7thg7thg7thg:MlyM2
—_—
Higgs

1= Min. cond. = |t,0o =0}, i=u,d,s

©= Remains 8 parameters/variables to be determined (and their resp. counterterms
once going to renormalisation).

= Equivalently, we need to find 8 exp inputs/definitions which are linked j
unambigously to the original 8 parameters (Cf3 = 1287 choices if masses) 4 1

== Ex: Even at LO knowing 8 masses is not enough, because of mixing knowledge of
nature (singlet/doublet, bino/wino etc...) desirable!

V.
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RENORMALISATION OF THE NMSSM

= Fermion — as in the SM

= Gauge — as in the SM
ww Sfermion — as in the MSSM
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RENORMALISATION OF THE NMSSM

Fermion — as in the SM

=
g

= Gauge — as in the SM
ww Sfermion — as in the MSSM
= Higgs

= gaugino
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RENORMALISATION OF THE NMSSM

= Fermion — as in the SM

= Gauge — as in the SM
= Sfermion — as in the MSSM

= Higgs
= gaugino
L9 = L(N\, My, &) + 5L(Ni, My, 65, A, 6My, 6Z;) | J
> O — (65 + 50Z;)® > Refi(M7F) = 0— M
> A0 = A 40N, V0 = v+ by > 'ﬁie):’,(M?) =0— 0Z;
> M2 — M+ M; > ReS;(M?) =0— 57
> TP = T +6T; > ReTi=0—06T; “')
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RENORMALISATION OF THE NMSSM

= Fermion — as in the SM

= Gauge — as in the SM
ww Sfermion — as in the MSSM
= Higgs

= gaugino

> O) — (85 + 30Z;)%;

ReSi(M?) = 0— §M?

A= A+ 6N v = v+ Oy > ReSi(M?) =0- 6Z;
> M2 — Mj+ M > ReS;(M?) =0 67;
> TP Ti+6T; > ReTi=0—6T;

. .. . . . . *
> In our framework, no shift on mixing matrices Sy, P,, N, U, V, implicitely

contained in /Vj;/0Zj;, same with the gauge-fixing (not shown here)
»

> Choose a minimum set of 8 conditions to renormalise the parameters J

CHALONS Guillaume ON THE RENORMALISATION OF THE NMSSM



INVERTING THE PROBLEM

> In its most generality we get a 8 X 8 matrix system to invert

dinput; — Ry Wi Wi Wi Wi Wis W Wi Wi
dinput, — Ry Wor W Wa W Wi Wy Wiy Wos
dinputz — 6R3 War  Wsay Wsas Wa Wi Wi Wi Wig
dinputy — Ry | _ | War  Wiax Wiz Wi Wis Wi Wi Wig
dinputs — 0Rs | — | Wer  Weo  Wes  Wsqg  Wes  Wse  Wer  Wig
dinputg — 0Rs Wei Wea Wes Wes Wes Wee Wer Weg
dinput; — 0Ry Wi W Wi Wi Wiz Wi Wi Wi
dinputg — R Wer  Wea W Wy W W W  Weg
5 We

dtp
SAN
oA
oKk
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INVERTING THE PROBLEM

> In its most generality we get a 8 X 8 matrix system to invert

dinput; — Ry Wi Wi Wi Wi Wis W Wi Wi
dinput, — Ry Wor W Wa W Wi Wy Wiy Wos
dinputz — 6R3 War  Wsay Wsas Wa Wi Wi Wi Wig
dinput, — 0Ry War Wi Wy Wiy Wis Wi Wi Wig
dinput; — 0Rs Wsi  Wea  Wes  Wsqg  Wes  Wse  Wer  Wig
dinputg — 0Rs Wei Wea Wes Wes Wes Wee Wer Weg
dinput; — 0Ry Wi W Wi Wi Wiz Wi Wi Wi
dinputg — R Wer  Wea W Wy W W W  Weg
5 We
= Solution :

= (comWs)™ | .
oM = Wém iff | detW # 0

dtp
SAN
oA
oKk
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INVERTING THE PROBLEM

> In its most generality we get a 8 X 8 matrix system to invert

Sinput; — 0Ry Wi Wi Wiz Wy, Wi Wi Wip Wig
dinput, — Ry Wor W Wos  Why W Wos W Wog
dinputz — 6R3 War  Wsay Wsas Wa Wi Wi Wi Wig
dinput, —0Ry | _ | War  Wap Wiz Wiy Wi W Wi  Wig
dinput; — 0Rs Wsi  Wea  Wes  Wsqg  Wes  Wse  Wer  Wig
dinputs — 0Rs Wei We Wes Wea Wes Wee Wer Wes
dinput; — Ry Wi W Wi Wi Wi Wi Wi Wig
dinputg — 0Rs Wer  We Wes W Wes W  Wer  Wes
5 We
= Solution :
= (comWs)T .
S W e

().tg
GAN
oA
oKk

= Better to choose appropriately the inputs; to get an invertible system and have M as sparse

as possible

1= Even better: choose inputs; such that Wy is
We=Wr &@Wn & - ,n+m+---=38
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INVERTING THE PROBLEM

> In its most generality we get a 8 X 8 matrix system to invert

dinput; — Ry Wi Wi Wi Wi Wis W Wi Wi otg
dinput, — Ry Wor W Wa W Wi Wy Wiy Wos 0AN
dinputz — 6R3 War  Wsay Wsas Wa Wi Wi Wi Wig
dinputy — Ry | _ | War  Wiax Wiz Wi Wis Wi Wi Wig DN
dinputs — 0Rs | — | Wer  Wea  Wes  Wss Wes W  Wer  Wig oK
dinputg — 0Rs Wei Wea Wes Wes Wes Wee Wer Weg My
dinput; — 0Ry Wi Wi Wiz Wi Wis Wie Wy Weg oM,
dinputg — R Wer  Wea W Wy W W W  Weg Sp
h\,—/
s We 5 X
= Solution :
= (comWy) L
o= | )

= Better to choose appropriately the inputs; to get an invertible system and have M as sparse

as possible

1= Even better: choose inputs; such that Wy is
We=Wr &@Wn & - ,n+m+---=38

%,

> Simplest choice with 8 masses as inputs => only 2-pt functions to consider (easy to handle,
process independent, masses gauge-invariant by def.).

-—

X
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ON-SHELL RENORMALISATION OF THE -INO SECTOR

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

COUNTER-TERMS

> xi — (85 + 30Z5)x;
> Yj — Yj+ Y} (the same for the matrix X)

Xi X Xi X Xi Xj

ON-SHELL RENORMALISATION SCHEME

> i = j: Residue at the pole is 1 — §Z5, ¢,
» i # j: No transition / < j when external leg on-shell : — 62)2;)“(/

> m%, is the pole of the propagator: — 5m§24.
l 1

> 6 émle_ <= We with 6My, Mo, 51, 05,0 and Otg as variables (6. = d(As)).
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ON-SHELL RENORMALISATION OF THE -INO SECTOR

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

COUNTER-TERMS

> xi — (85 + 30Z5)x;
> Yj — Yj+ Y} (the same for the matrix X)

Xi X Xi X Xi Xj

ON-SHELL RENORMALISATION SCHEME

> i = j: Residue at the pole is 1 — §Z5, ¢,
» i # j: No transition / < j when external leg on-shell : — 62)2;)“(/

> m%, is the pole of the propagator: — 5m§24.
l 1

> 6 émle_ <= We with 6My, Mo, 51, 05,0 and Otg as variables (6. = d(As)).

» Remaining masses get a finite correction at one-loop:
21L _ 2 TL 2 ey . - 2
m)”cj = m)”(j aF 5m>~<j AF Rez)q)q(’";zj)
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IMPORTANCE OF WELL-CHOSEN INPUTS

CHARGINO SECTOR AT 1L

(SMZ \/Eﬁ(Mwsg)

Xj:
) W2 oMb & 6
V25(Mwcs) op ? s

diag(6m_+) = Usxvt, sx = (

<

NEUTRALINO SECTOR AT 1L

5M1 0 —5(Mzswcﬁ) 5(Mzsw5ﬁ) 0
(SMQ 6(M2CWC[3) 75(M2CW5[1) 0
diag(dm ) = N"6YN', 5y = . 0 —5u —5(Avsg)
i 0 —5(Aveg)
26(rs)

6m>.<g = CoM; + G6My + CM(S/I, 4+ Cidr 4+ CaON + Ctg(;tﬁ + 0R;
1

0
wX
> Pick 4 mg —— 6My,0/3s, 61, 6tg, if G~ € K 1 — SM; ~ 1/e X dm g > 1
! !

> Better pick §°, ﬁf 25 S0 — prior knowledge of content ? Accessible experimentally ?
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IMPORTANCE OF WELL-CHOSEN INPUTS

5M2 \/ﬁé(Mwsﬁ)

+
—>W2X M &
s
V26(Mwep) o ) B

diag(6m _+) = Ursxvt, sx = (

V.

NEUTRALINO SECTOR AT 1L

5/\/]1 0 —(5(Mzswc5) 6(Mst55) 0
6/\/’2 5(Mzcwcg) —5(Mzcwsg) 0
diag(9m0) = N*6YN', 5y = o 0 —op —5(Avsg)
i 0 —d(Aveg)
. 26(rs)
>
om_ 4
X1
om_ 4 op
. *2 M,
omgo lino" 0K
smeo =W smy | FORe
Xibino" SA
5!77)20 5
“higgsino” tg
dm_o
Xihiggsino”
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IMPORTANCE OF WELL-CHOSEN INPUTS

5/\/’2 \/ié(Mwsg)

i
—»WZX oM, & &
V26(Mwes) o ) B

diag(6m _+) = Ursxvt, sx = (

4

NEUTRALINO SECTOR AT 1L

5M1 0 —5(Mzswcg) 5(Mzswsg) 0
6M2 5(Mzcwcﬁ) 75(M2CWS,3) 0
diag(dm ) = N"6YN', 5y = 0 0 —op —5(Avsg)
i 0 —d8(Aveg)
26(rs)

5m>_(0 = CoMy + GoMy + C“(Sy + Cxdr + CAON + Ctﬁtsfg + OR;
i

XO

w
> Pick 4 m_o — s My, §N/8s, 0k, Ot if G~ e K 1 — M ~ 1/e X dmgo > 1
i i

> Better pick EO, ﬁf’z, S0 — prior knowledge of content ? Accessible experimentally ?
> )\, tg intertwined, & in off diag., if A small, t3 extraction difficult

> Unless significant mixing Cy & Ctﬁ generically small — | bad extraction of d\, dtg, 0x

— 0 + R
> 1f 5t5% = Ws = WX @ W) = Mixed DR-OS scheme LPT
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RENORMALISATION OF THE HIGGS SECTOR

G. Bélanger, V. Bizouard, F. Boudjema, GC, to appear

= X\ and tg difficult to extract from the gaugino sector — resort to Higgs sector

2u(Ax + rs)
mf_,i =

+ M2, — Av?
23

LPT
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RENORMALISATION OF THE HIGGS SECTOR

G. Bélanger, V. Bizouard, F. Boudjema, GC, to appear

w5 X and tg difficult to extract from the gaugino sector — resort to Higgs sector
2u(A S
mIZ-Ii _ w(Ax + rs)
2
_ 2p(Ax + ks)
Sgg

+ M2, — Av?

M3

CP-ODD MASS MATRIX

M2 — (Mf‘ Av(Ay + ks)

AV2(Ay + 4rs) 22 — 3HA,‘S)  pick Mg, = 3Ax & OA.

LPT
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RENORMALISATION OF THE HIGGS SECTOR

G. Bélanger, V. Bizouard, F. Boudjema, GC, to appear

= X\ and tg difficult to extract from the gaugino sector — resort to Higgs sector

2 A -
m2, = (A + rs)

: + My, — Av?

23
_ 2p(Ax + ks)

M2
A Py

CP-ODD MASS MATRIX

M2 — (Mf‘ Av(Ay + ks)

i 5
AV2(Ay + 4/{5)5;—? = 3HA,‘5) — pick ma = JA) & 0A,

w

CP-EVEN MASS MATRIX

M%cf? + Mf‘sé (2a2v2 ; 24% - g/l%) sgcg Av(2ucg — (Ax + 2ks)sg)
M2 = . M3 s5 + Macs )\v(2ucsBS— (A + 2ks)cp) s
. )\VQA)\% + rs(A. + 4ks)
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SUMMARY OF THE VARIOUS SCHEMES

MIXED DR-OS SCHEMES

My Mys Ay A,

+
w We = Wi, @ WYX @ W;‘o (&) W2Ao — tjj (suited when only gaugino decays)

LPT
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SUMMARY OF THE VARIOUS SCHEMES

MIXED DR-OS SCHEMES

My Mys Ay A,
P e Ny

+ 0 0 . .
w We = Wi, @ WX @& WY @ wis — tji (suited when only gaugino decays)
Mo, My,5,0,AN Ax

ES 0 A0 + 0
LAY JH=(h
= W= Wi, @ WX ewly M)

LPT
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SUMMARY OF THE VARIOUS SCHEMES

MIXED DR-OS SCHEMES

My, My, N6 Ay, Ak

~
+ 0 0 . .
w Wg=Wi, ®@WE & WS @ W3' — t; (suited when only gaugino decays)
Mo, My, M AxLA,

—~
x* x°, A% HE (1)
= Wg = Wl,tﬁ S5 W2 @W2+3

v

ON-SHELL SCHEMES

Mo, M X ritg Ay A,
—— A~ — A

+ 0
= W =WX & Wr @ Wfo — OSjj (suited when only gaugino decays)
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SUMMARY OF THE VARIOUS SCHEMES

MIXED DR-OS SCHEMES

My, My, N6 Ay, Ak
~

+ 0 0 . .
w Wg=Wi, ®@WE & WS @ W3' — t; (suited when only gaugino decays)
Moy Mi koA AxA
—N— ———
x* x°, A% HE (1)
= We =Wie, @Wy W, 3

v

ON-SHELL SCHEMES

Mo, M X ritg Ay A,
—— A~ — A

+ 0 0 . .
= W =WX & Wr @ wst — OSjji (suited when only gaugino decays)
Mo, Miys,tg, N AN A

A — e
ES 0 A0 /40
_ WX X ,A° H=(h)

= W =Wy @ Wy 3 — OSjjka, ayH (ho)
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SUMMARY OF THE VARIOUS SCHEMES

MIXED DR-OS SCHEMES

My, My, N6 Ay, Ak

~
+ 0 0 . .
w Wg=Wi, ®@WE & WS @ W3' — t; (suited when only gaugino decays)
Mo, My, M AxLA,
—N— ———
x* x°, A% HE (1)
= Wg = Wl,tﬁ S5 W2 @W2+3

v

ON-SHELL SCHEMES

Mo, M X ritg Ay A,
—— A~ — A

+ 0
= W =WX & Wr @ Wfo — OSjj (suited when only gaugino decays)

My, My, k,t5, A AN A
——

— |
e 0 A0 Hj: iy
= We =W e wyy )

— OSjja, Ay H (he)
Mo, Mk, Astg,Ax A
——

—
+ 0 A0 g 40 3
— WX X AT H= b
= Wg =Wy @ Wai ) — OSja, Ay H=E by, »
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SUMMARY OF THE VARIOUS SCHEMES

MIXED DR-OS SCHEMES

My, My, N6 Ay, Ak
~
+ 0 0 . .
w Wg=Wi, ®@WE & WS @ W3' — t; (suited when only gaugino decays)

Ma,p My,5,X,AN,A,

—_— /T
xE x°, A% HE (1)
= Wg = Wl,tﬁ S5 W2 @W2+3

v

ON-SHELL SCHEMES

Mo, M X ritg Ay A,
—— A~ — A

+ 0
= W =WX & Wr @ Wfo — OSjj (suited when only gaugino decays)

My, My, k,t5, A AN A
——

—N—
ES 0 A0 440
_ WX X ,A° H=(h)
= W =W @ W3 — OS5p, Ay (o)
Mo, Mk, Astg,Ax A
—— P
X:l: XO AO,Hi,hU -
= Ws =W @ WX — OSjja, apHt hy ’
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SUMMARY OF THE VARIOUS SCHEMES

MIXED DR-OS SCHEMES

Moy, My, M5 Ay,A,

~
+ 0 0 . .
w We=Wi, ®@WE & WS @ wst — tjj (suited when only gaugino decays)
My, My, 5,X,AN,A,

—_N— ———
x* x°,A% HE (h°)
=W = Wi, @W, W3

4

ON-SHELL SCHEMES

Mo, 11 My, Xm0t Ay LA,
—~ ~ = ~

+ 0
= W= WX @ WY @ Won — OSjjy (suited when only gaugino decays)

My, Mi,k,tg, A AN A
—~

———

+ 0 A0 (0

: — WX X,AY H= (A7)
= W =Wy @ W3+3 — OSijkAlAzHi(ha)

Mo, Miys,Atg,Ax,Ax

—_—
+ 0 A0 g 40
— WX X, AT HT A

w Wg =Wy @ Wo ) — OSjia, A HE b,

= ... »

Or simply go all DR LPT
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AUTOMATIC TOOL FOR ONE-LOOP CALCULATIONS:

LanHEP
NMSSM Lagrangian
Counterterms
Renormalisation schemes

AN

MicrOMEGAs || FormCalc/FeynArts/LoopTools An automatic code for calculation of loops
| Computation of one-loop processes H
@ Tree-Level (cross-sections, decays, mass corrections) dllagrams .for SM and BSM processes_
— with application to colliders, astrophysics
ot yet automatised and cosmology.

Modified loop routines|

MicrOMEGAs (tensor reduction)
@ One-Loop

» Automatic derivation of the CT Feynman rules and computation of the CT's
Models renormalized: SM, MSSM, NMSSM, Wino DM, xSM (w/ & w/o vs),

» Modularity between different renormalisation schemes.

v

> Non-linear gauge fixing.

v

Checks: results UV, IR finite and gauge independent.

http://code.sloops.free.fr/ )

LPT
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http://code.sloops.free.fr/

AUTOMATIC TOOL FOR ONE-LOOP CALCULATIONS:

i LoopTools

» libooptools.a

'
'
'
'
'
'
'
'

» Restricti » Defines
R estrictions | : AB,C,D
1anHEP (FeynArts/FormCald  Fortran Output i [ Cross-section
[ -
» model.src | » model.mod L’ » xsection.F B> orun
» Defines i » Defines ) » Defines » Computes
) Feynman rules. 1 a(P).

T

Automatic generation of
Feynmanrulesand N
counterterms {Mathematica output /

LPT
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APPLICATION TO GAUGINO CORRECTED MASSES

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

| Mi | My | o | A | & | tg |
Value (GeV) | 1000 | 150 | 250 | 0.I | 0.1 | 10 |

? ~mpo < m)zg =~ mye < mig >~ mye < m/i,/g ~ my < m)zg ~ mgo and myy < myy

m_.
X

LPT
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APPLICATION TO GAUGINO CORRECTED MASSES

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

| Mi | Mo | | A | & |t
Value (GeV) | 1000 | 150 | 250 | 0.1 | 0.1 | 10 |

~ m~ ~ ~ m- ~ m~ ~ m~ _ -
mi?*mW0<m>zg*"r§0<m>‘<g*mH0<mx’/2*m50<m>287m80 and myy < myy

Scheme Masses Point 1
miee 1002.17
O | ke | a7
X5
0Sysas m;f;e 125.67
mk_leep -1%o
X1
m;fes 500.78
]—ﬁ)op 0,
tios mg -203%
mi% 1002.17
v
mL—ooP 42%
X
rln);/1 125.67
Zloop
t345 ITI)Zl —0.5%0
m)ZF 257.30
mk P 2%o
X2
| %
J— T—Toop
DR me, 3%
T 3%
X3
m, "7 ] -01%0
T—Toop ) LPT
s -7%o0
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APPLICATION TO GAUGINO CORRECTED MASSES

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

| Mi | My | o | A | & | tg |
Value (GeV) | 1000 | 150 | 250 | 0.I | 0.1 | 10 |

~ me ~ ~ m ~ e ~ me _ -
mi?,mwo<mig,mgo<m>_<g,m,_lo<m/i,27m50<m>227m80 and my. < mp.

Scheme Masses Point 1
miee 1002.17
OS1234 1 Pop .
s -27%
e 125.67
OS345 Mx
L loep -1%o
e 500.78
Tj;}mp 20:;.‘V v If all "natures" are not covered = rad. cor out
t123 Mg - ° of control

4
miTe 1002.17
m-~ foop 42%

e
|2
1>
m? .
mi?ﬁmp 2%
T g%
—_ T—Toop 0,
DR m 3%
e
mL P -0.1%o0
Xq
m;:loop 7% LPT
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APPLICATION TO GAUGINO CORRECTED MASSES

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

| Mi | My | o | A | & | tg |
Value (GeV) | 1000 | 150 | 250 | 0.I | 0.1 | 10 |

~ me ~ ~ m ~ e ~ me _ -
mi?,mwo<mig,mgo<m>_<g,m,_lo<m/i,27m50<m>227m80 and my. < mp.

Scheme Masses Point 1
miee 1002.17
OS1234 1 Pop .
s -27%
e 125.67
OS345 Mx
L loep -1%o
e 500.78
Tj;}mp 20:;.‘V v If all "natures" are not covered = rad. cor out
t123 Mg - ° of control

4
mZe 1002.17

mlfxrréop 2% == Require "insider" knowledge to control them

e
|2
1>
m? .
mi?ﬁmp 2%
T g%
—_ T—Toop 0,
DR m 3%
e
mL P -0.1%o0
Xq
m;:loop 7% LPT
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APPLICATION TO GAUGINO CORRECTED MASSES

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

M | My | p

A ‘ K ‘ tg ‘

Value (GeV) | 1000 | 150 | 250 | 0.I | 0.1 | 10 |

~ me ~ ~ m ~ e ~ me _ -
mi?,mwo<mig,mgo<m>_<g,m,_lo<m/i,27m50<m>227m80 and my. < mp.

Scheme Masses Point 1
miee 1002.17
OS1234 1 Pop 27%
mZ 125.67
OSo345 m1~7xlloap 1%,
1
e 500.78 " “
Tj;}m) v If all "natures" are not covered = rad. cor out
t123 my, | -203% of control
mi% 1002.17
mli‘ﬁ,op 42% = Require "insider" knowledge to control them
E{“ 125.67 = Knowing the full spectrum is not enough =
¢ ml_—/%op 0.5%o info about " nature” needed to guide choice of
345 i!ee 55730 scheme (— decays, cross sections)
mlfﬁmp 2%o
2760 5
mfl, 8%
—_— —To0p 9
DR me, 3%
ms_ 1% 3%
T—Toop 0
me, -0.1%o0
1=Toop 7% LPT
X5
CHALONS Guillaume ON THE RENORMALISATION OF THE NMSSM 13




APPLICATION TO GAUGINO CORRECTED MASSES

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

| Mi | My | o | A | & | tg |
Value (GeV) | 1000 | 150 | 250 | 0.I | 0.1 | 10 |

~ me ~ ~ m ~ e ~ me _ -
mi?,mwo<m>~<g,mgo<mig,m,_lo<m/i,27m50<m>227m80 and my. < mp.

Scheme Masses Point 1
miee 1002.17
OS1234 1 Pop .
s -27%
tree
0S4 m;(/1 125.67
mk_leep -1%o
1
ree 500.78 " “
ij}mp v If all "natures" are not covered = rad. cor out
t123 M3y -203% of control
mi% 1002.17
mli‘ﬁ,op 42% = Require "insider" knowledge to control them
X5 . .
s 125.67 = Knowing the full spectrum is not enough =
1%hop | % info about "nature” needed to guide choice of
taas my 0.5%o0 .
;ee 55730 scheme (—> decays, cross sectlons)
m;%"" 2%o v Masses are not very sensitive to A &tz which,
L Toop 8% however, are crucial for decays
X1
— T—Toop
DR me, 3%
ms_ 1% 3%
m, "7 ] -01%0
Vil 7 LPT
X5
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APPLICATION TO GAUGINO DECAYS

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

| Mi | Mo | p | X | s | tg |
Value (GeV) | 1000 | 150 | 250 [ 0.1 | 01 [ 10 |

_ - - o~ _ -
myo < My < My < mzy mso < mgo and my . < mpyy

tree (MeV)  t3s OS2345  OSogsmoaa, DR
0 — Wigi 10.4 (2%)  (75%)  (-8%) (-8%)
) — WEgs 229 (15%)  (84%) (1%) (7%)
9 — Z%9 6.26 (3%)  (76%)  (-7%) (-9%)
99— zZH 26.2 (14%) (82%)  (-0.7%) (7%)
= z5) 3.12 (17%)  (93%)  (10%) (1%)

LPT
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APPLICATION TO GAUGINO DECAYS

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

| Mi | Mo | p | X | s | tg |
Value (GeV) | 1000 | 150 | 250 [ 0.1 | 01 [ 10 |

_ - - o~ _ -
myo < My < My < mzy mso < mgo and my . < mpyy

tree (MeV)  t3s OS2345  OSogsmoaa, DR
0 — Wigi 10.4 (2%)  (75%)  (-8%) (-8%)
) — WEgs 229 (15%)  (84%) (1%) (7%)
9 — Z%9 6.26 (3%)  (76%)  (-7%) (-9%)
99— zZH 26.2 (14%) (82%)  (-0.7%) (7%)
= z5) 3.12 (17%)  (93%)  (10%) (1%)
t345 08345 05245h A1 Ay

——
(8ta/ta, 6N/ N)gin. = (0, +6%); (—20%, +43%); (—17%, +0.9%)

LPT
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APPLICATION TO GAUGINO DECAYS

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

/\/llle‘/J,‘)\[/{
Value (GeV) | 1000 [ 150 | 250 | 0.1 | 0.1

f@‘
0]

Mo < My < My < mzy & mg %9 < mgy and myp < myy

tree ( MeV) t3s5 OSs345 OSos5 hy Ay Ay DR

w — WELE i 10.4 (2%)  (75%)  (-8%) (-8%)

59— WEY 22.9 (15%) (84%) (1%) (7%)

0 — Zx9 6.26 (3%) (76%)  (-7%) (-9%)

X:;g — z;g% 26.2 (14%) (82%)  (-0.7%) (7%)

9 z58 3.12 (17%)  (93%)  (10%) (1%)
t345 052345 052451y A1 A

——
(8tg/tg, 6A/N)fin. = (0, +6%); (—20%, +43%); (—17%, +0.9%)

e SO decays only possible through mixing = very sensitive to A

== All other decays (not shown here) are under control (weak dep. in tg and \)
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APPLICATION TO GAUGINO DECAYS

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

/\/llle‘/J,‘)\[/{
Value (GeV) | 1000 [ 150 | 250 | 0.1 | 0.1

f@‘
10 |

Mo < My < My < mzy & mg %9 < mgy and myp < myy

tree (MeV) t3s5 OSs345 05245h2A1A2 DR
w — WET i 10.4 2%)  (75%) (-8%) (-8%)
59— WEY 22.9 (15%) (84%) (1%) (7%)
0 — Zx9 6.26 (3%) (76%) (-7%) (-9%)
G-z 26.2 (14%) (82%) (-0.7%) (7%)
9 =z 3.12 (17%)  (93%)  (10%) (1%)
t345 052345 05245h A1 Ay

——
(8tg/tg, 6A/N)fin. = (0, +6%); (—20%, +43%); (—17%, +0.9%)

e SO decays only possible through mixing = very sensitive to A
== All other decays (not shown here) are under control (weak dep. in tg and \)

55 OSpsshya, A, — g00d reconstruction from Higgs sector (in diag. entries)
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APPLICATION TO GAUGINO DECAYS

G. Bélanger, V. Bizouard, F. Boudjema, GC, PRD93 (2016) 11, 115031

/\/llle‘/J,‘)\[/{
Value (GeV) | 1000 [ 150 | 250 | 0.1 | 0.1

f@‘
0]

Mo < My < My < mzy & mg %9 < mgy and myp < myy

tree (MeV) t3s5 OSs345 05245h2A1A2 DR
w — WET i 10.4 2%)  (75%) (-8%) (-8%)
59— WEY 22.9 (15%) (84%) (1%) (7%)
0 — Zx9 6.26 (3%) (76%) (-7%) (-9%)
G-z 26.2 (14%) (82%) (-0.7%) (7%)
9 =z 3.12 (17%)  (93%)  (10%) (1%)
t345 052345 05245h A1 Ay

——
(8tg/tg, 6A/N)fin. = (0, +6%); (—20%, +43%); (—17%, +0.9%)

e SO decays only possible through mixing = very sensitive to A
== All other decays (not shown here) are under control (weak dep. in tg and \)

55 OSpsshya, A, — g00d reconstruction from Higgs sector (in diag. entries)

v Corrections in OSxsp, 4,4, =~ DR
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APPLICATION TO HIGGS DECAYS

Point A(Qusy = 1117.25GeV, m; = 173GeV, m,p = 125.45GeV(1-loop OS))
1

My 700 | X 01 | A 0 | my 1740 | mpg 1000
M, 1000 | & 01 | A. 4000 | my 800 | m; 1000
Ms 1000 | p 120 | A, 1000 | mp 1000 | my 1000
ts 10 | A. 150 | A 1000 | mg 1000 | mp; 1000

AAy, = 15GeV, At/A/\ ~ 27

Point B(Qusy = 753.55GeV, m; = 146.94GeV, m, o = 124.44GeV(1-loop OS))
1

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

CHALONS Guillaume

My 120 A 067 | Ac 0 Mg, 750 | mpp 1500

M, 300 K 02 | A 1000 | my, 750 mg, 1500

Ms 1500 | w200 | A, 1000 | mp 1500 m, 1500 / j
s 192 | A\ 405 | A 1000 Mg, , 1500 | mg5 . 1500 é

LPT
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APPLICATION TO HIGGS DECAYS

Point A Point B

Point A Point B

R
W 11%  225% X ?0 ’ S6.8%
1 d W - 32.3%
) o ;
h,(_), 98.6%  67.4% 70 4% 105%
n 0.3% 10.1% D o 08%
R
X B - 4.0%
N W 0.1% 0.% 2 N
28 03 /o 12 50/ N ) 26%
hg 9§ e; 87.5"/0 » 99:5% 19.8%
s o o g0 - 74.0%
P
B - 10.1%
W W ess%  775% X3 a0
M 1A% 197% -0
u H 0.9% 78.9%
Yy 0.1% 2.8% 20
& 99.1%  11.0%
0 50
B 99.6% 18.1%
A p 0% 1.8% a2 ° °
g W 12.3%
4 0% 0.5% ;
d 7o - 55.8%
2 100%  97.7% 20
& - 13.7%
0 50 - 5
A& 0% 769% X5 ;0 003 1;'2 *
3%  52.8%
q 0% 208 P oew s
L 00% 2.3% 20 R e
— 5 - 0.4%
Point A: hy, hs, hy, as, ag — _
Point B: hy , hs, hy, as, ag Point A:h, h, 8, b, w
Point B: b, 8, h, h, w

Beware. B much more mixing, A quite pure LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

> singlets: h9, A%, 79, mo = 240 GeV, m o 40 4+ ~ 570 GeV,
25 A1 X3 Myg h9,A9,H
Qsusy = J/my my, = 1117 GeV

Decays  t1344,4,(Qsusy)  OSsapya ppti+  DR(Mparenr)  DR(Qsusy)

LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

> singlets: hg. A(l), )Zg, mhg = 240 GeV, mhg,Ag,Hi ~ 570 GeV,

Qsusy = /g g, = 1117 GeV

Decays t1344,4,(Qsusy)  OSsapoaaopt  DR(Mpwenr)  DR(Qsusy)
W= AVAT (128%) 12%) (0.4%) (0.4%)

w At LO (with (Ax = 0), £0,00 Stems from K254
1

= 819040 X K25 o (ks)? /s o< | N pu(rs)? ~ A mg % m%o

LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

> singlets: hg. A(l)’ )2(3], mhg = 240 GeV, mhg,Ag,Hi ~ 570 GeV,
Qsusy = /M mg, = 1117 GeV

Decays t1344,4,(Qsusy)  OSsapoaaopt  DR(Mpwenr)  DR(Qsusy)
W= AVAT (128%) 12%) (0.4%) (0.4%)

w At LO (with (Ax = 0), £0,00 Stems from K254
1

= 819040 X w25 o (18)2 /s oc| A pu(rs)? ~ A mg % mio

v my, constrains (rs)? and my; . constrains 1 well. Finite shift on X is key. We
have

SN/ = 62.26% and OA/A|SS = —7.88%

and loop correction is 6 /T ~ 25A/\ due to finite part of CT.

LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

> singlets: hg. A(l)’ )2(3], mhg = 240 GeV, mhg,Ag,Hi ~ 570 GeV,
Qsusy = /M mg, = 1117 GeV

Decays t1344,4,(Qsusy)  OSsapoaaopt  DR(Mpwenr)  DR(Qsusy)
W= AVAT (128%) 12%) (0.4%) (0.4%)

w At LO (with (Ax = 0), £0,00 Stems from K2S*
2771

= 819040 X K25 o (ks)? /s o< | N pu(rs)? ~ A mg % m%o

v my, constrains (rs)? and my; . constrains 1 well. Finite shift on X is key. We
have

SN/ = 62.26% and OA/A|SS = —7.88%

and loop correction is 6 /T ~ 25A/\ due to finite part of CT.

= Small DR corrections — pure virtual corrections negligible and «, s do not run
much (confirmed if one inspects the resp. . s functions).

LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

> singlets: hg, A?,)}%, mhg = 240 GeV, mhg,Ag,Hi ~ 570 GeV,

QSUSY = /m'l:l m;z = 1117 GeV

Decays t13a4,4, (Qsusy)  OSsapaiaot  DR(Mparen:)  DR(Qsusy)
= ATAU (128%) (12%) (0.4%) (0.4%)
WS (122%) (3%) %) (03%)

hy — 359 (126%) (-35%) (3%) (1.1%)

A S R0 (130%) (31%) (&%) (6.2%)

AP0 (122%) (-5%) (-0.4%) (-1.9%)

H — %78 (125%) (-18%) (3%) (1.1%)

1= Same usual suspects, corrections in ti34 accounted for by dA|gy.. In
OS34p,4, 4,1+ Fenormalisation of dts kicks in.

CHALONS Guillaume

LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

» singlets: hg, A?,)Zg, mhg = 240 GeV, mhg,A%Hi ~ 570 GeV,
Qsusy = /g g, = 1117 GeV

Decays t1344, 4, (QsUsy)  OSzapaapHt  DR(Mparenr)  DR(Qsusy)
7T AVAT(126%) 12%) (0.4%) 0.4%)
=0 2% 3% %) (03%)

W 2950 (126%) (-35%) (3%) (11%)

A= 0T (130%) (31%) &%) (6.2%)

A B (122%) (-5%) (-0.4%) (-1.9%)

HF = ar] (125%) (-18%) %) (T1%)
R (116%) (79%) (52%) (1.7%)

w5 For ti3a & OSgyp,a,a,1+: SaMe reasons as before

LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

» singlets: hg, A(l), )Zg, mhg = 240 GeV, mhg,A%Hi ~ 570 GeV,

Qsusy = /g g, = 1117 GeV

Decays t1344, 4, (QsUsy)  OSzan,a apHt  DR(Mparen)  DR(Qsusy)
7T AVAT(126%) 12%) (0.4%) 0.4%)
=0 2% 3% %) (03%)

W 2950 (126%) (-35%) (3%) (11%)

A= 0T (130%) (31%) &%) (6.2%)

A B (122%) (-5%) (-0.4%) (-1.9%)

HF = ar] (125%) (-18%) %) (T1%)
R (116%) (79%) (52%) (1.7%)

w5 For ti3a & OSgyp,a,a,1+: SaMe reasons as before

v Large corrections DR ? Pt A has small mixing: 8hihyhy = Bhyhshy ™ )\ + 2K .

CHALONS Guillaume

1 dA A
2 — A ~3hf—t recall | A; /Ay ~ 27!
Ax Ax Ax

LPT
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

» singlets: hg, A(l), )Zg, mhg = 240 GeV, mhg,A%Hi ~ 570 GeV,

Qsusy = J/my my, = 1117 GeV

Decays t1344, 4, (QsUsy)  OSzan,a apHt  DR(Mparen)  DR(Qsusy)
7T AVAT(126%) 12%) (0.4%) 0.4%)
=0 2% 3% %) (03%)

W 2950 (126%) (-35%) (3%) (11%)

A= 0T (130%) (31%) &%) (6.2%)

A B (122%) (-5%) (-0.4%) (-1.9%)

HF = ar] (125%) (-18%) %) (T1%)
R (116%) (79%) (52%) (1.7%)

w5 For ti3a & OSgyp,a,a,1+: SaMe reasons as before

v Large corrections DR ? Pt A has small mixing: 8hihyhy = Bhyhshy ™ )\ + 2K .

1 dA A
2 — A ~3hf—t recall | A; /Ay ~ 27!
Ax Ax Ax

v Correction in DR driven by running of Ay

CHALONS Guillaume
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POINT A: HIGGS DECAYS WITH SINGLET/SINGLINOS

» singlets: hg. A(l), )2(3), mhg = 240 GeV, mhg,A%Hi ~ 570 GeV,

Qsusy = J/my my, = 1117 GeV

Decays t1344, 4, (QsUsy)  OSzan,a apHt  DR(Mparen)  DR(Qsusy)
7T AVAT(126%) 12%) (0.4%) 0.4%)
=0 2% 3% %) (03%)

W 2950 (126%) (-35%) (3%) (11%)

A= 0T (130%) (31%) &%) (6.2%)

A B (122%) (-5%) (-0.4%) (-1.9%)

HF = ar] (125%) (-18%) %) (T1%)
R (116%) (79%) (52%) (1.7%)

w5 For ti3a & OSgyp,a,a,1+: SaMe reasons as before

v Large corrections DR ? Pt A has small mixing: 8hihyhy = Bhyhshy ™ )\ + 2K .

1672

1 dA A
= A ~3hf—t recall | A; /Ay ~ 27!
Ax Ax Ax

v Correction in DR driven by running of Ay

== An MSSM-like point with large A: to reproduce correct mEM entitled to large

EW rad. cor., even in DR, for decays driven by Ay. For Pt A can be absorbed b
setting 1 = Qsusy. Qsusy always the right choice ?

CHALONS Guillaume

ON THE RENORMALISATION OF THE NMSSM
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POINT B: HIGGS DECAYS WITH SINGLET/SINGLINOS

> Mixing important A = 0.67, no pure state, in principle better extraction of
counterterms

LPT
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POINT B: HIGGS DECAYS WITH SINGLET/SINGLINOS

> Mixing important A = 0.67, no pure state, in principle better extraction of

counterterms
Decays SloopS SloopS
t123(Qsusy)  OSpppopaprt  DR(Mparent)  DR(Qsusy)

h — X9%3 10.8% (14%) (5%) (3%)
h — AYZ (8.4%) (3%) (-3%) (-8 %)
hS — hOh? (-131.4%) (-25%) (-106%) (-50%)
h — hh} (41.8 %) (6%) (13%) (-28%)
A5 — >"<§>”<f (8.2 %) (7%) (2%) (1%)
A 059 (18.1%) (32%) (2%) (2%)
A — ZR) (-10.27 %) (12%) (-16%) (-9%)
Al A% (-40.9 %) (-0.3%) (-32%) (-17%)
HY — %7 %3 (8.4%) (6%) (10%) (8%)
HT — WHh  (-11%) (11%) (-18%) (-10%)
HT — WTAY  (7.9%) (2%) (-3%) (-9%)
H™ — %7 X3 (12.5 %) (21%) (9%) (9%)

> Due to large mixing, dependence on parameters much more involved.

> Still renormalisation of A, t3 and running of A, (although smaller due to smaller

At/A)) lead the corrections

» OS scheme gives reasonable corrections

» For DR even i1 = Qsyusy does not absorb all the corrections most probably
because Ay is not the only driver of the decay
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Full renormalisation (all sectors) of the NMSSM at one-loop completed.
Implemented into an automatic tool SLOOPS

Various schemes investigated — large scheme dependence for some observables,
depending on the scenario

* Currently impossible to choose what is the best scheme for reconstructing

parameters. As long as only predictions are concerned, DR scheme sufficient but
large pure EW corrections are possible in some scenarios (in particular when
singlets are involved in MSSM-like points). Not always clear how to tame them
by choosing appropriate i

ON-SHELL schemes based solely on masses are algebraically sufficient to
renormalise the model, BUT this is probably too optimistic given the current
status of BSM searches at the LHC

* Must go beyond only masses as inputs. If some are discovered, in any case the

way they are produced and decay will give crucial information (composition of the
mixed states), and this even in the case where the whole spectrum is measured /

<

LPT




