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Higgs precision requirements?

Several aspects:

e Experimental requirements (detectors, ...)?
e Expected size of deviations?

e Theoretical requirements (precision predicitions, ...)?
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Expectations?

Based on assumptions e.g.:

e No beyond Standard Model physics related to
electroweak symmetry breaking at the LHC

e Different Standard Model extensions

Constraints:

* Discovery potential of the LHC

* Electroweak precision tests
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Expected maximal deviations

With assumptions from before:

IARVV| | AhEt| | Ahbb| | Ahhh|

Mixed-in Singlet 6% 6% 6% 18%
Composite Higgs 8% tens of %  tens of %  tens of %

MSSM <1% 3% 10%, 100% 2%, 15%

~. 7

tan3 > 20 all other
no superpartners cases
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Expected maximal deviations

Mixed-in Singlet = Standard Model (SM) + exotic Higgs boson singlet:
Higgs fields mix via operator |Hsp|?|S|?

= 2 CP-even mass eigenstates h, H

with couplings® to other particles

gl = cos? O, ggM 0, = mixing angle

2 [ 2 2
gf = sin“ 0 g5y

All couplings to other particles scaled with the same factor.
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Expected maximal deviations

Model where the SM Higgs like particle is a pseudo-Goldstone:

SM vector bosons and fermions + strong sector with Higgs multiplet
in terms of an effective field theory

for a strong interacting light Higgs (SILH) boson
Lagrangian:

LsiLH = (% HL,  Hsmfi Hsmfr + Cf,i%;l(HgMU/HSM)BW wWin 4 h.C.)

"‘%OM(H}MHSM)OAL(H.TGMHSM) + %A(HEMHSMP +.

New parameters: cy, ¢, Cs, Cs:

Naive Dimensional Analysis: O(1) numbers
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Expected maximal deviations

h, H, A, H*
discovery potential 50
for /s =14 TeV, L = 300 fb~! 40
(modeled after figure of iﬁ 30
20
) 10
0100 200 300 400 500 600 700 800 900 1000
M, /GeV

red region: Several of h, H, A, H* can be discovered

green region: Only a single one, h, can be discovered

tan 8 = ratio of the Higgs vacuum expectation values
M4 = mass of the CP-odd Higgs boson
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Expected maximal deviations

Important:

For the triple Higgs coupling deviations in the MSSM:

Use same approximation for: Higgs mass and triple coupling

Standard Model coupling depends on the Higgs mass value,

for meaningful comparison, the same precision is needed.
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Precision of Standard Model Higgs couplings

Is our knowledge of the Standard Model couplings precise enough?
Uncertainties:

e Missing higher-order corrections

e Uncertainties of input parameters
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Higgs decay widths in the Standard Model (v, = 126 Gev)

Channel I [MeV] Ao Amp Am. Am; THU
= 23% 433% 10.0% 10.0%  +2.0%
H — bb 2.36 423%  —32% —00% —00% —2.0%
- 0=l +0.0% +0.0% +0.0% +0.1%  +2.0%
H— 7777 259-10 ~0.0% -00% -0.0% -01% —2.0%
+ - 1n—4 +00% +00% —01% +0.0%  +2.0%
H—p"p~ 89910 ~0.0% -0.0% -00% -01%  —2.0%
= 1 -71% —0.1% +6.2% +0.0%  +2.0%
H—cc 1.19-10 17.0%  401% —61% —01%  —2.0%
~1  442% —0.1% 10.0% —02%  +3.0%
H—gg 3.57-10 —41% 40.1% - 0.0% +02%  —3.0%
_3  40.0% +0.0% +0.0% +0.0%  +1.0%
H =y 9.59-10 ~0.0% -00% -00% -00% —1.0%
~3  410.0% +0.0% +0.0% +0.0%  +5.0%
H— Zy 6.84-10 ~0.0% -00% —01% -01%  -50%
-1 +0.0% +0.0% +0.0% +0.0% +0.5%
H— WW 9.73-10 -0.0% —0.0% —0.0% —0.0% —0.5%
~1 +0.0% +0.0% +0.0% +0.0% +0.5%

H— 77 1.22-10

—0.0% —0.0% —0.0% —0.0% —0.5%
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Higgs decay widths in the Standard Model (v, = 126 Gev)
Calculation performed using

e HDecay

e Prophecy4f for H - WW,ZZ — 4 fermions

Parametric uncertainties:

ART=max{T(p+ Ap),T(p),T(p— Ap)} —T(p)
APT=T(p) — min{l(p + Ap),T(p),T(p — Ap)}
Theoretical uncertainties (THU) estimations based on:
e scale variation by factor of 21 for QCD corrections
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Higgs decay widths in the Standard Model (v, = 126 Gev)

Included corrections:
e H — bb,cc:
* massless QCD up to N*LO

* approximation of electroweak corrections
e H— 777, u* ™ : approximation of electroweak corrections

(as above)
o H— gg:

* up to N3LO in heavy top mass limit

* grid for electroweak corrections
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Higgs decay widths in the Standard Model (v, = 126 Gev)

e H— vy

* full NLO QCD corrections

* grid for electroweak corrections

e H — Z~: LO virtual W, top, bottom, 7 loop contributions
e H— 772 WW — 4 fermions:

* NLO QCD + NLO electroweak

For complete list of references,
see
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Further parametric uncertainties
Similar analysis:

Consideration of additional parametric uncertainties:

e Higgs mass
a(Mz)
e 7 boson mass

T lepton mass

Fermi constant Gg

For H — ZZ, WW, Z~:
Higgs mass uncertainties are especially important
With all uncertainties:

Branching ratios theoretically determined only at a few percent level
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To pessimistic for the future?

Further analysis:

e Better precision:

Use MS mass instead of the bottom/charm pole mass

e For projections into the future:
take into account improvements from lattice QCD

Their conclusions:

* Precision already below percent level

* Will improve
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Precision in extensions of the Standard Model

Many higher-order corrections are already known e.g. in the MSSM
Ongoing effort to improve the precision in other models:

e Two-Higgs doublet models, (N)MSSM, ...

e Effective theories

= Uncertainties due to missing higher-order corrections will reduce.

= Parametric uncertainties? (need input)
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Conclusion

e Deviations of the Standard Model couplings might

be at percent level.

e Theoretical precision of Standard Model couplings

is at a similar level or below.

e Current and future work will improve the situation.

= Precise measurement of Higgs couplings will be useful.
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Higgs couplings in a mixed-in Singlet Model

Standard Model (SM) + exotic Higgs boson singlet:

Higgs fields mix via operator |Hsy|?|S|?

= 2 CP-even mass eigenstates h, H

with couplings?
2 =2 g? = 0 0n = mixi I
2 2 2 :
8t = Sh &5m sp = sin 6y,

Here: h the SM like one

H the heavier Higgs boson — detectable at the LHC
if light enough
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Higgs couplings in a mixed-in Singlet Model

Region of possible LHC detection of the heavy Higgs boson and

region allowed by electroweak precision tests in the s,z,—mH plane:

0.20

Vs =14 TeV'
L =100 fb~!
0.15F - E ]
el g
s 0.10] e
& Allowed by EWPT B
0.05¢ B

0-0800 800 7000 1200 1400 1600
mH(GeV)
detectability region based on:
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= max. deviation of
Higgs couplings

to other particles:

A s2
28h o _Sh o~ 69
&sM 2
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Higgs couplings in a mixed-in Singlet Model

Region of possible LHC detection of the heavy Higgs boson and

region allowed by electroweak precision tests in the s,z,—mH plane:

0.20

Vs =14 TeV'
L =100 fb~!
0.15F~~-___ 3
&
N Aghhh
s 0.10] e S
Allowed by EWPT
Y &hhh
0.05) ~
0.0 . . . .
800 800 1000 1200 1400 1600
mH(GeV)

detectability region based on:
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= max. deviation of the

triple Higgs coupling:
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Higgs couplings in Composite Higgs Models

Model where the SM Higgs like particle is a pseudo-Goldstone:
SM vector bosons and fermions + strong sector with Higgs multiplet

in terms of an effective field theory
for a strong interacting light Higgs (SILH) boson

two independent parameters: mass of new resonance m,

decay constant f with m, = g,f

g, = coupling of the new resonance
Lagrangian:

Loy = (% Hiy Hsmf Hsmfr + Cf,i? (Hipo1Hsm) B W + h.c.)

Jr%au(HgMHSM)aM(H;MHSM) + C,%\('LI;M/'ISM)3 +...

Naive Dimensional Analysis: cy, ¢, cs, Ce: O(1) numbers
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Higgs couplings in Composite Higgs Models

region allowed by electroweak precision tests in the m,-g, plane:

6: IS ] max. deviation:
: o X N ] .
5 PPN A . 1 coupling to vector bosons:
[ . N 7 ]
o e A c
s 4 e . i Bev HE v
£ 1 o3 _© g\S/M 2
< A 7 e - 0 ~ _QO0
g 3} , Not allowed by P ~ —8%
[ e al® 1 : .
> 1 coupling to fermions:
T Agr cHE
e Enalf ‘ : s s :——+Cy£+...
2 4 6 8 10 12 ngM 2
9 C
’ ~ —8% — 15%—~
CH
v2g? .
€= T}f m, and g, mass and coupling of the new resonance
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Higgs couplings in Composite Higgs Models

region allowed by electroweak precision tests in the m,-g, plane:
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9
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7 max. deviation:

1 coupling to gluons:

| Dgg _ cué
1 v =~ toé+...
ggSl\/I 2 Y
c
~ —8% — 15%—~
] CH
1 coupling to photons:
] Agv cHE
— =———>4+03¢, &+ ...
g™ 2 g
c
~ —8% — 5% —
CH
SM

8 gVSM: loop-induced
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Higgs couplings in Composite Higgs Models

region allowed by electroweak precision tests in the m,-g, plane:
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7 max. deviation:

triple Higgs coupling:

A 3
gsl:\;lh = fECHer 6l + ...
&hhh c
~ —23% + 15% >

CH
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Higgs couplings in the MSSM

MSSM Higgs potential: depends on gauge couplings

Particles to be fully identified or discovered:

2 CP-even h, H
1 CP-odd A
2 charged H*

might be discovered
at the LHC depending

on parameters
lots of superpartners

in our case: h is always the SM like Higgs boson

otherwise (i.e. H = SM like Higgs boson):
h, A or H* should be discovered at the LHC
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Higgs couplings in the MSSM

h, H, A, H*
discovery potential
for /s =14 TeV, L = 300 fb~!

(modeled after figure of

tan

50

40

30

20

10

0
100 200 300 400 500 600 700 800 900 1000
M /GeV

red region: Several of h, H, A, H* can be discovered

green region: Only a single one, h, can be discovered

tan 8 = ratio of the Higgs vacuum expectation values

Higgs Precision Requirements Heidi Rzehak

2gth January 2015



Higgs couplings in the MSSM

[Gupta, H.R., Wells, arXiv:1206.3560]

1'12 II Legend:
i, 22 :.II several h, H, A, H* discovered
3 o “i ...... only h is discovered:
K R !*:: I exluded by Br(b — s7)
g: , Ty also stop quarks lighter than a 1 TeV

stops heavier 1 TeV, but not
all heavier than 1.5 TeV

stops heavier than 1.5 TeV

tan @

Scan done using FeynHiggs [Hahn, Heinemeyer, Hollik, H.R., Weiglein, Williams]
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Higgs couplings in the MSSM

1.2
. lll Legend:
0.8
. 06 several h, H, A, H* discovered
= 04 N
3 oz} H | SN only h is discovered:
ol Illllnmnn“nuij
2 S g g H exluded by Br(b — sv)
: Rt .
oL sl also stop quarks lighter than a 1 TeV

5 10 15 20 25 30 35 40 45
tan @

stops heavier than 1.5 TeV

e biggest deviation of the SM Higgs coupling to bottom quarks Agb/gEM
with Agp, = gM>M — goM for tan 8 = 5, up to a 100%.

Ng, M2
My > Mz —=2 o« —%
gEM M3
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Higgs couplings in the MSSM

[Gupta, H.R., Wells, arXiv:1206.3560]

Tl II Legend:
08 r ¥
2. osf.l several h, H, A, H* discovered
< o4t -
g o2 l only h is discovered:
] H i exluded by Br(b — s7)
.. ‘**3“*:’;{5“ )
pod .; i1 also stop quarks lighter than a 1 TeV
510 R Zotaisﬂ R0 R 8 42 stops heavier 1 TeV, but not
all heavier than 1.5 TeV
stops heavier than 1.5 TeV
. - b
e for large tan 8 and light stops, by
enhancement by Ay contributions @7(: g
Ap: tan 3 enhanced contribution due to ' b ;

[Carena, Garcia, Nierste, Wagner, hep-ph/9912516]
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Higgs couplings in the MSSM

Age/ g™

e overall behaviour similar for AgT/gTSM
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, no A, contributions included

e for tan 8 > 20 and heavy stops: maximal deviation of ~ 10 %.

e Maximal deviations for coupling to Z or W: Agv/g\S/M <1%

e Maximal deviations for coupling to top quarks: Ag,_b/gtS
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Higgs couplings in the MSSM

Devation of the triple Higgs coupling in the MSSM:

Use same approximation for Higgs boson mass and triple coupling!

Here: renormalization-group improved corrections of the eff. potential,

ST
Aguin /G
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incl. some 2-loop terms
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relaxed Higgs mass constraint:
| Dghin/giph| < 15%

strict Higgs mass constraint:
| Dghnn/gimhl < 4%

mz < 1.0 TeV

lighter stop mass m; > 2.5 TeV
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