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Fixed order

Fixed-order result of FlexibleSUSY+Himalaya.

1- and 2-loop results

+ 3-loop at(xsz [Nno O(v/Ms) terms]

Kant, RH, Mihaila, Steinhauser ‘10

Mg = Mg, &~ Mg, = My,

Mg 2> My, =~ Mg, = Mg,
mg = mg, 2> Mg, = My,
mg > m;z, = Mg > My, ,
mg = Mmj, = mg > my,,

Mg =~ m;, = mj, 2> Mg,

*
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Fixed-order result of FlexibleSUSY+Himalaya.

1- and 2-loop results

+ 3-loop at(xsz [Nno O(v/Ms) terms]

Kant, RH, Mihaila, Steinhauser ‘10
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mg & My, &My, My

Mg 2> My, =~ Mg, = Mg,

mg > m;z, = Mg > My, ,

mg = Mmj, = mg > my,,

)
)
h3) mg > mz, > mz, = my,
)
)
)

Mg =~ m;, = mj, 2> Mg,

D
however, see Fazio, Reyes ‘19
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Resummation

M,f = /l(ﬂt)vz + mtzat[. ]

running
d _
L L p—Ai= P,
du
NLL + Poa,
N2L L + P
NS3LL + Lo
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/1_(/45) = (M%/vz)cos2 f
+ A4,
+ Ady g
+ AA

2
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Resummation

M7 = Au)v- + mia]...]

running matching
d - _
LL u—=~i= p, NLO  Alug) = (M%/vz)cos2 f
du t
NLL t Poa, + A,
N2[_L T ’B a,0 T Allatas
NSLL T ’B a0 T A/latas2
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Resummation

M7 = Au)v- + mia]...]
running matching

L L u—Ii= p, NLO  Aug) = (MZ/v*)cos” B
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Resummation

M7 = Au)v- + mia]...]

running matching
d - _
LL //td—/”t = Py, NLO  Aug) = (MZ/v*)cos” B
Nl_l_ //t + ﬂatas ‘m + A;taz
N2l | + oo N3LO + Ady
NSLL + P \+ Al

Chetyrkin, Zoller ‘13
Bednyakov, Pikelner, Velizhanin '13
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Resummation

M7 = Au)v- + mia]...]
running matching

L L u—Ii= p, NLO  Aug) = (MZ/v*)cos” B

Nl_l_ + ﬂaa ‘m + A/Iat

N2l | -+ ﬂaaz ‘M-F A/latas

+ B, \»+ A)

NSI_I_ s atasz

R
f extract from FO

Chetyrkin, Zolller 13 | | RH, Klappert, Ochoa, Voigt ‘18
Bednyakov, Pikelner, Velizhanin '13

R. Harlander, My, to N3LO+N-LL, Munich 2019 TI' e e

nnnnnnnnnnn



Ingredients

Fixed-order result of FlexibleSUSY+Hi:

1- and 2-loop results

2

+ 3-loop a,ax; [no O(v/Ms) terms]

R. Harlander, My to N3LO+N3LL, Munich 2019 111

malaya

Particle Physics
aaaaaaaaaaa



Ingredients

Fixed-order result of FlexibleSUSY+Himalaya.

1- and 2-loop results

2

+ 3-loop a,ax; [no O(v/Ms) terms]

Resummed result of HSSUSY+Himalaya.

1- and 2-loop results + resummation
2

+ 3-loop aq,ax; + resummation

no O(v/Ms) terms

R. Harlander, My, to N3LO+N-LL, Munich 2019 TI' e e

nnnnnnnnnnn



Ingredients

Fixed-order result of FlexibleSUSY+Himalaya.

1- and 2-loop results

2

+ 3-loop a,ax; [no O(v/Ms) terms]

Resummed result of HSSUSY+Himalaya.

1- and 2-loop results + resummation
2

+ 3-loop aq,ax; + resummation

no O(v/Ms) terms

Hybrid result of FlexibleEFTHiggs
1-loop results + resummation + O(v/Ms) terms

R. Harlander, My to N3LO+N3LL, Munich 2019 T ot

aaaaaaaaaaa



Combination

FlexibleSUSY+
Himalaya
1-, 2-loop w/ O(v/Ms)
3-loop w/o O(v/Ms)
w/0 resummation
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Combination

FlexibleSUSY+ HSSUSY+

Himalaya Himalaya FlexiblelirTHIgEs
1-, 2-loop w/ O(v/Ms)  1-, 2-loop w/o O(v/Ms) 1-loop w/ O(v/Ms)
3-loop w/o O(v/Ms) 3-loop w/o O(v/Ms) w/ resummation
W/0 resummation w/ resummation

add O(v/Ms)

1-loop: FlexibleEFTHiggs - HSSUSY-o0n
2-100p: FlexibleSUSY 21000 = M;; |y ko 2—100p

So far: 1-loop: complete, 2-loop: a,a, atz

Uncertainty starts at 2-loop a,q, etc.
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Uncertainty estimate

AMY" = min { AMFC, AMFFT)
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Uncertainty estimate

AMY" = min { AMFC, AMFFT)

AME® = AQSIMFO 4 Alos) ppf©

A@S) MFO = . MF© — M;°(Mg)|,
b= geeiax MRS (Qs) = MyP(Ms))

ANME = [ME () - ME(63)].
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Uncertainty estimate

AMY" = min { AMFC, AMFFT)

AMEFT — A@Q0) \fEFT | A(@s) \fEFT 4 AW \[EFT | A(W°/Mg) \yEFT

A(Qt)]\[EFT max ]\ EFT ]\[EFT M ,
QE[M;/2,2M;] | (@) - (My)| .

A@CSIVEFT — 0.5 GeV,
N M)A[EFT A[EFT( SM, 312) A[EFT( SM, 4£)| |

AWM NEFT — | MEFT _ MEFT (42 /M3))| .
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M h / GeV
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tan 8 = 20, Mg = 3TeV tan 8 = 20, Mg = 3TeV
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Tachyonic Higgs masses

Fixed-order result of FlexibleSUSY+Himalaya.
1- and 2-loop results

+ 3-loop atasz [Nno O(v/Ms) terms]

M;% = M;%(x(//i ~ My))

By(Ms) = 5 sin[28(Ms)] m’ (Ms)

\
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2Bu(Mz)

sn[2B(M;)] =




Tachyonic Higgs masses

tan 8 = 20, Mg = 3 TeV tan 3 = 20, Mg = 3 TeV

(SN

2 130
\ N,
AN 128
Ly S - N\,
\\\ \.
1 \‘~~‘ 126 ,” . ATLAS/CMS +1q 7 f
s\“ ‘‘‘‘‘ ', \\\' L
_____________ 194 : W
. 05 m—— ] ~ I’ \\ .\
............ T 100 ] v\
- T | | e 5 122 2 < ;
0 — \ N
> | | ] e e ! \ N
5 f:s: 120 ': \\ .‘.,,\
—0.5 ) ! st N
118 t A
. ’ ' \-
-1 " FO X
X, -0 116 1 ———. M;" (no tachyons)
15 e X, = —/BMs | - - R P MFO (DR’ tachyons)
cee- Xt = V6Ms ; —— Bu(Q = Mz)
-9 | | 119 ! I I | | 1
0 0.5 1 1.5 2 2.5 3 —4 -3 -2 -1 0 1 2
X, /Mg

Q/Tev

Institute for

R. Harlander, My, to N3LO+N-LL, Munich 2019 '|T l"d'.g.‘;on%s;y RWTH




Conclusions

* hybrid FO+EFT result in DRbar scheme
* includes

¢ tree-level + LL resummation
¢ full 1-loop + NLL resummation

* full o, + atz + NNLL resummation

¢ atasz w/o O(v/IMs) + NSLL resummation

* missing higher orders sizable at low Ms
e EFT sufticient above 1-2 TeV

e | RWNTH
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