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| Inanutshell..

What have we attempted to do?
- Constrain the hZzZ* /hZff vertex

Why is this a challenge?
- Leading contributions vanish

What is our solution?
- Resurrect using analytical knowledge

Based on [1905.02728]




] Motivation

The trajectory of particle physics:
- Going to higher Eand L
- Time to move from total rates
- More sophisticated observables available
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J SMEFT

EFT framework for parameterising effects of
higher-energy resonances

- Mostly model-independent

- Mass-dimension 6 operators
- Warsaw basis [1008.4844]
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| The hzz /hzff vertex

We have 4 tensor structures of interest:
- hz'z,
- hz,(fyf)  [equiv. hZ,0,2"]
- hZWZW

- hzvz,



| The hzz /hzff vertex

In the parameterisation of [1405.0181],
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| The vertexin SMEFT

Which Warsaw basis SMEFT operators
contribute to this vertex?

12 CP-even and 3 CP-odd (pre EWSB)

See [1008.4844] for operator notation.



Onn = (H'H)O(H'H)
Oup = (H'D,H)*(H'D,H)
<
Ony = /.HTDHHEIR’}/”UR
Ong = iH'D ,Hdgy"dg
One = iHTDHHéRWeR
0Y — D, HQ*

HQ — xHQYQ
() _ iyt 0N HOAT I
OHQ = IH'o DMHQU ~¥Q

0N _ iHiD, HLwL
HL — phLy

0D — iHt 6D, HLoo L
HL w Y
Oug = ‘H|QB/WB“”
Onwe = H'oa"HWS, B
Onw = |HPW,, W
OHB = |H|QB,LLVBMV
OHWB — HTO'GHWZVBHV

Oy = |HPWe, Wor




| The hzz /hzff vertex

These contribute to the earlier parameters:

095, = /‘(22 (CHD + 3?%)
aty =~ 2L (i) — Ty + /2~ e
Kzz :A—S(C(%WCHW + SZWCHB + SQWCHWCHWB)
Rzz ZZA—V;(CzwcHW + S5, S+ SowCouCriva)
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l The analytic amplitude

How do we extract information about these
corrections?

By using knowledge of the amplitude’s
analytic structure...
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l The analytic amplitude

Begin with 2 — 2 process f(o)f(—o) — Z(A\)h in
the helicity amplitude formalism:

gh
1+2 —sz—i-ﬂézz—i)\fizz
9

L+097;+26zz+ — | —5 +27
g \ 2

1 + o\ cos@ggf

M =
22 Cew

4
M0 = —sin @Zggf

Ow

Neglect terms subdominant* in v = V/5/(2my;)
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l’Theanmyﬂcannﬂkude

Leading SM is longitudinal (A = 0)

Leading effect of xzz; and &z is in transverse
(A= =%1)

The LT interference term vanishes if we're not
careful...
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l The analytic amplitude

Full amplitude can be written as:

Ap(3,0,0,4) = _’fgf ZM o))} (B)e

Wigner functions de (), hats indicate positive helicity
leptons rather than p05|t|ve charge [1708.07823].



| The 3angles

[ Plane of z-11
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] The analytic amplitude

Squared amplitude can be written as:

D IABG,0,0,0) =il An(3,0,0, )
L,R

with as e = (g7 ,)/[(97)° + (97,)°]

Also define ¢;p = a4 — ag ~ 0.16
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l The analytic amplitude

We collect into 9 angular structures:

— g, sin*Osin’ 4

+ a77C0S O cos

+ 0%7(1 + cos*0)(1 + cos? )

+ cos psin O sinf(a}; + ai;cosf cos O)

+ sinpsin©sin#(a,; + a3y cos  cos O)

+ arp cos 2o sin* O 'sin? 6

+ arp sin 2 sin®© sin 0
and thus 9 angular observables.
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o | G {1 +20G5; + 4kzz + Z—%(—l + 4«/2)}
arr % [1 +4 (ng 4 HZZ) 2}

w|  Ebei(Fen) ]

air ~ Gy 4 2(2gi§f +hzz)7]

atr [1+2< Zf+,gzz)q }

alr —G20eipfizz7Y

aty —G%Rzzy

arr 8%—22 [1 +4 <Z’;;f + HZZ) 72}

arr %2/?622
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1142698, + dkzz + g—izf(—l + 44?)

2 29h
—% [1 + 2(?221‘ + sz)’yQ}
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l The analytic amplitude

LT interference term dominated by:

02 ~2
4 “LT cos psin20sin 20 + —LT A LT sin ¢ sin 20 sin 20

NB: these terms vanish on integration of ANY
angle!

We will constrain a;; and thus gf via LL at high E
See [1807.01796]

Allows us to separate xz; contribution to a7,
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| Other contributions

Operators that rescale the hbb and Zff
contribute:

h h

Rz~ VAMVZMV + /%Z,y VAMVZMV

For s >> m? just shifts parameters:

kzz — kzz + 0.3 Kz Kzz — kzz + 0.3 Kz,

21




] Method

How to probe xz; and #z;?

Flip signs in regions to maintain positive
sin 26'sin 20

02 ~2
A “LtTcos psin20sin 20 + m “LTsin ¢ sin 20 sin 20

— expect cos ¢ distribution for CP even
— expect sin ¢ distribution for CP odd
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] Method

Perform y? tests:
- Look at high M, range to constrain ggf

~- Look at low M, range to constrain g%,

- Splitinto bins across all three angles
(p,0,0) to resurrect interference term

Use above knowledge of g7, g5, and angular
split to instruct constraint on kzz, kzz
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| Results

For an integrated luminoisty of 3ab~!:

—0.01 < kzz < 0.01
—0.04 < k77 < 0.04
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] Conclusions

- Move to more sophisticated observables

- Resurrect elusive effects of «zz, kzz by
analytic knowledge of amplitude

- Split across all three angles (¢, 6,0) to
resurrect interference term

- Get percent-level bounds

- Future work could use more observables
— stronger bounds

For more, see [1905.02728]
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