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EFT cannot describe LHC Higgs
physics

EFT: reproducible and model independent parametrization

B and L conservation — D6 is lowest dimension to describe NP
Leii= Lo+, 5O + D8+ -

LHC accuracy ~ 10 %

scenarios with A > F not measurable at the LHC

D8 not sufficiently suppressed
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D6 can describe LHC Higgs physics

=» answer some remaining questions



Outline

D6 description
= To square or not to square?
= Higgs-strahlung and WBF
= Which observable to study for WBF?

A simplified model

= Can a scalar be a vector?
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D6 description - to square or not to square?

?
|[Muge|® = [Ma|? + 2ReMiMg + | Mg|?
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D6 description - to square or not to square?

?
|[Muge|® = [Ma|? + 2ReMiMg + | Mg|?

Preferable to include D62 when
neglecting D87

Study for vector triplet model
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Vector triplet model
= new SU(2), triplet

= mixing of the new heavy states with the weak gauge bosons

= three new heavy states £0, ¢+

describe interactions using D6 operators such as

Ow = U (DrhoMDrs) W,
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Higgs-strahlung

= study distribution of my;, (pr,v)

= two benchmarks (destructive/constructive) with me = 1200 GeV
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Higgs-strahlung

o [fb/bin]

= study distribution of myy, (pr.v)

= two benchmarks (destructive/constructive) with me = 1200 GeV

pp - Vh T1
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WBF - momentum transfer
= study parton-level process ud — udh

= momentum transfer ¢

max (v/|(pw — pa)2]s V(P& — pu)?]) W-like PS points
max (\/[(pw — pu)?|, V/|(par — pa)?]) Z-like PS points

ud - udh,T1 ud ~udh, T1
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WBF - parton level

= study momentum transfer ¢ (prj,)

= two benchmarks (constructive/destructive) with mg = 1200 GeV

ud -udh, T1 ud -udh, T4
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WBF - parton level

= study momentum transfer ¢ (prj,)

= two benchmarks (constructive/destructive) with mg = 1200 GeV

ud -udh, T1 ud -udh, T4
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WBF - Which observable to study?
Compare deviations from the full model
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to statistics-driven and systematics-driven significances

S Ofull — OSM S Ofull — OSM
_(mmin,max) = and _(mmin,max) = \/Z E—
B osm VB osm
ud -udh, T1 ud -udh, T1
g 025 g 0.25
4 f 4 F ]
0.2 0.2 .
0.15- . 0.15F .
0.1 . 01 .
r ] r s
0.05- 4 0.05- euts 7
[ ] r cuts ]
I ] cuts
T2 4 g

o (I IS T IR 0 o

0 02 04 06 08 1 0 10 20 30 20

s/B s/(B

March 1, 2016  7/12




WBF - comparison of expected exclusion limits

= choose universal coupling rescaling ¢

= mg¢ mass of the new heavy vector

150 GeV < Prin < 300 GeV p._>300 GeV
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WBF - getting realistic

= hadron level analysis pp — h jj (+7)
= using PYTHIA6 and FastJet
= apply WBF cuts

pr; > 20 GeV, my; > 500 GeV, Any > 3.6
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A simplified model - Can a scalar be a vector?
Improved description of kinematics in a simplified model?
Vector triplet model already quite simple
simpler approach =¥ (pseudo) scalar

1 mg —
L2 50u8) = =8+ Y gr SFysF + g5 5°670.

fermions

ud -udh, T1

00IF T T T T T T T
interference dashed
SM

Normalized distribution

0.0057 .4}

Tl

March 1, 2016  10/12



A simplified model - Can a scalar be a vector?
Improved description of kinematics in a simplified model?
Vector triplet model already quite simple
simpler approach =¥ (pseudo) scalar

1 mgs =
L2 50u8) = =8+ Y gr SFysF + g5 5°670.
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Goldstone boson equivalence theorem

ud -udh, T1
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Goldstone boson equivalence theorem

ud - udh, T1

—
[ interference dashed
0.3 1

Normalized distribution

No collinear divergence after PS
integration
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Goldstone boson equivalence theorem

ud -udh, T1

T T
interference dashed

Normalized distribution

gk tit

ud - udh
T L S L o B o e e

approximation dashed

0.008

0.006|

Normalized distribution

0.004

0.002

% 100 200 300 400 500
p. [GeV]

Ti1

myg = 1TeV, ms = mw

mg—0 const

IM(qq — q'¢'h))?*

(tr — mg)? (t2 — m3)? tity

March 1, 2016

11/12




Conclusions

= Including D62 terms improves agreement with full model and
avoids negative cross sections

= WBF: the leading tagging jet's pr ji is especially suited for new
physics searches

= scalar simplified model: improved modelling of myy and pr j
distributions at the cost of larger deviations in the dominant
interference terms

= scalar simplified model fails badly for description of An;;
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Conclusions

= Including D62 terms improves agreement with full model and
avoids negative cross sections

= WBF: the leading tagging jet's pr ji is especially suited for new
physics searches

= scalar simplified model: improved modelling of myy and pr j
distributions at the cost of larger deviations in the dominant
interference terms

= scalar simplified model fails badly for description of An;;

D6 description of LHC Higgs physics works even better when including D62
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Thank you for your attention!
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Vector triplet model

[1510.03443], [1211.2229], [1406.7320], [1506.03631]
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Benchmark Triplet model
My  gv cH CF CYVHH Mg
T1 5901 3.0 —-047 -5.0 2.0 1200
T4 1246 3.0 —-0.50 3.0 —0.2 1200
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D6 operators

HISZ basis

Ot = (D0)! (961) (D"0) Oz = 50(676)0,(670)

O = 361 0)°

Occ = (¢ ¢) G, G* A Opw = 794(} (¢To*¢) By, WHvE
— 797/2 T 124 — 7972 T k pvk
Ops = 4 (¢' @) B B Oww = 1 (9" 9) Wi W

Op = %"(D%*)(D%) B Ow= %(Dw*)a’“(D"ab) Wi

Table : Bosonic CP-conserving Higgs operators in the HISZ basis.
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Wilson coefficients

3
fo2 =7 (—2crg®+cugy) , fww = crcn
Je3 = =3 (—2 cr g +cn g%/) ; few = crcn = fww
1
J?qs:—;lych(—?CngﬂLCHg%/), fw=—-2crecpy .

March 1, 2016  16/12




Only WBF diagrams, An;;
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Normalized distribution
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Scalar splitting function
13

2 2 2,2 4 4
T m p mepr M, p
(Mg = ¢S = gk 1— +9F1 i +O<"—,—q —T>

E? 7 E2’ E?

o(¢gX = qY)= /dxde Fs(z,pr)o(SX = Y)

with the splitting function

Fs(z,pr) = Ik z 4
167 (m3(1 — z) + p%)°
2 2 3
Fr(z,pr) = 137@ = (1x_ . (m2,(1 —pZ) +p%)°
Fuopy) = £ Q=0 2miypr

2
1672w (1 - 2) + p%)

[9712400], [S. Dawson (1985)], [G. L. Kane, W. W. Repko, W. B. Rolnick
(1684)], [0706.0536], [1202.1904]
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