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Off-shell Higgs boson data

CMS simulation (unpublished) 19.7 fb' (8 TeV)
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Recent CMS results: Off-shell Higgs boson

Andrei Gritsan, JHU
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® New result this Fall arXiv:2409.13663: H* — 47 + 272y with full Run-2
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Recent CMS results: Off-shell Higgs boson
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® Few directions forward for ATLAS & CMS:
® Today show ideas from CMS

— to coordinate with ATLAS...

— LHC combination of [

— LHC combination in x -framework
— LHC combination in EFT (SMEFT)
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Off-shell H* in the k framework

Nature k combination arXiv:2207.00043

® The off-shell H* production

CMS 138 b (13 TeV)
— unique to constrain I . Observed 415D (sta)
when related to on-shell == -1 SD (stat @ syst) || =1 SD (syst)
— x2 SDs (stat @ syst)
; — : Stat Syst
dO'(’L v H — f) (Z ozﬂ)ajak) (Z ozl(galam) Ky —-E-— 1.01:0.10 007 +0.07
X B i
ds (S — M%I)Q + M? tot Kw -2 1.00 506 004 -004
ff h ” ( ) r K> -#ﬂ 1.00505 003 -001
neglect in off-she \/E — Myy) > B ¢’
g H tot Ky _'@_ 0'90i0:12 009 -0.08
] ] K ""@‘E' 0.91:0.07  =0.04 iO:OG
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/l BUndet. | | | | 0.00*006 +0.05  +0.03
® Do not need to assume R 0 05 1 15 2 25 3 35 4
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Off-shell H* in the k framework

® Using off-shell: arXiv:1909.02845 ® Nature x combination arXiv:2207.00092

— assume: K, = K¢t — similar to CMS, did not use off-shell
1
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ATLAS: H* in the k framework

® Using off-shell: ATLAS: arXiv:1909.02845

— assume: K, = K

— assume. Kj,on — Kj,Off ATLAS Vs=13TeV, 24.5-79.8 fb” :
my =125.09 GGX’ lyi"ll<l 2-? L Ivll
— applied to 8¢H: Ky on = Kg.off mE = T iIT
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Ky ——_I:— —_=_—
Kps Ky Ko ~ ? b To—
N i
- ..* . E ]
......................................................................... at 125 Gev 9 < -|-o—— |
K —o—
Y -
BInV k—|
I'iot = Dinown T Dinvisivte T I undetected Bundet -
& NF— J ’—_' BBSM . ; i. Il | |
FBSM semmT 45 -1 -05 0 05 1 15 2

Parameter value

no assumption k, < 1 and ky, < 1
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BSM in gluon fusion loop H*



Re-parameterization: ggH process

® On-shell: can start from EFT parameterization at n1;; = 125 GeV

— drop CP-odd terms l'Eq

— have x,, K, K remaining — equivalent to ;, x;, &,

----------------------------------------------------------------
tttt

Ty D@ K, atmy, = 125GeV
Lk (my) = flkg, Ky, K myy)

03 *
. .
.................................................................

at 125 GeV, only rates: .t
‘ &
Kg = | 1,10685 +0.008287 " 0.11508,8, + 2:57476+-0-00046f -0:10826r$y

---------------------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------------

+2:3170 Neh-3Yo8fy +-4-:8821: Nt 3)$r$r-+- 0:1:880 N /-3)Sy Sy

the above is valid only at m1,; = 125 GeV

® What about off-shell at m,, > 180 GeV? Kg(mZZ) = f(k,, Kp, Ko 'm,,)

SM loop ~ («;* + O + Okk;,) X K5

gg — H* = 77 — g > .
work out Ko contribution
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Re-parameterization: ggH process

@ model any heavy particles in the loop with Ko :

----------------------------------------------------------------
. .
o .

* *
*, .*
---------------------------------------------------------------

point-like

equivalent to k,, K, K

K (Mzz) = f(K;, Kps K M77)
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arXiv:2002.09888

Andrei Gritsan, JHU

Py

o "HI9@

4

4

— f,(Kta Kba Kg(mH))

(< c, orc?Y)

88

MCFEM+JHUGen and MELA weights
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Parameterization in off-shell region

® Introduce additional templates in analysis: K

-----------------------------------------------------------------
. .

, Ko X bkg , Ky XK,
(SM Ktz , kK, X bkg , bkgz)

MELA weights: MCFM + JHUGen

- .
- »
.................................................................

CMS Simulation (Work in Progress)
T T T T T T T T T T T T T T

Q interference with bkg

— sign not known
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%
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—
o
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but reverse sign
would lead to
a more dramatic effect

do/dmy,

| =
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E— KQBKG
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1011 Ki=Kq=1
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ﬂ - LA JHUGen+MCFM
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(always negative in SM)
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Higher-order corrections in the ggH process

® What about higher order QCD corrections?

— we already include NNLO K factor (m,,) + 10 % flat NNNLO factor (match YR4)
— overall K ~ 2.3, stable within =5 % (200-2000 GeV), uncertainty =7 %

o

— extra =10 % uncertainty on background
— assume the same for k, and «, ZZED ‘ii
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Application to CMS data

e Applied to CMS data H”) — 4/:  CMS arXiv:2409.13663 (new!)

(1) show that 1 ;; constraints are stable to new heavy contributions in ggH
(2) open possibility to include [ ;; and Ko InkK framework with no k;, assumptions

CMS Supplementar 138 fb~! (13 TeV
Observed!  (MeV) Expected!  (MeV) 20,0y PP |(||)
...... 29*%?[037941140[<113 Kg =0 ;5 — Hoaonsoftshen :
’ +2.7 +5.3 ’ !
J2Ta018d Aol 14 G ot oot/
K ..~.~ | i
Q .'5.—~ Observed ]
........................................................................ | 125:_ S~ ~a. ;
P ' f F - Expected “~. 1
10.0F v /-
- ZZO'?_Q_ S
- ]
.............. — | 50 950/0 CL B ///,/_
model any heavy particles in the loop withx, R~ ~~77777~ TS AT T
2.5 e —
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K framework



More on Kk Framework

® //t framework (a) Signal (b) Interfering background (c) Non-interfering background

Gluon  HUp ZZO--'% Z:I:x

fusion

o Hy E--fi g L
fusion

® On-shell k framework: split Zand W coupling i, ky,, as well as K, k;, K

HE B B B I B B N N N N N N N N

VBF: (0.28 K% + 0.72 K‘%,) X K% : (negligible ZZ/W W interference)

——{VVWVVW

EW
production

H I E Ny

0
WH: K%,XK% ZH: K‘é y bbH: Kb2><l<§ ttH: KfXK% , etc...

‘---------------’

ggH: ng X k7, where K, = f(Kp: K Ko M) = use K, in place of

as g'jﬁiﬁsed ng = 1.1068$2 +0.0082%2 " 0.1150%;$s
+1.0298 (N¢/ 3)°$5 +2.1357 (No/ 3)$o$t " 0.1109 N/ 3)$o B

e Off-shell: change as a function of m,, : templates

Andrei Gritsan, JHU 15 December 5, 2024



Re-parameterization for k: off-shell EW

® Off-shell: split Z and W coupling «,, K, in EW production:

-4

WW — H* |
MELA weights: MCEM + JHUGen
/77 — H* CMS Simulation (Work in Progress)
S L L
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s- and t/g-channel mterfer.ence 0 \\ o i — (ko kwBKG
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g 101 }\ —
. . o 4
fusion interference S 1001 Kz 5 .
O Ky, X K
. . -~ W Z
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1004 Ky X K -
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with background LHC, 13TeV
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Re-parameterization for k: off-shell ggH

-------------------------
o 3

K e What about K, in the k framework? It becomes a running constant!

— we have a model of a point-like interaction Ko

Ko ’ . . .
;' — K, Is a combination of . and
—-- , 8 t 9,
- K mM ‘ .
___________________________ 8 . — use K, K, Ko in the k framework...
. ./ — can re-express a limiton k.(m. = 125 GeV
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Beyond k framework: EFT



Include CP-odd and -even, on- and off-shell: . i c9G ~9G
1o N ”
............................... . I
Kp» Ky e off-shell H* is one possible place IZ
ZK} to disentangle .
—6
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— loop k; . R s g
................................ — neglect x, i
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arXiv:2002.09888 ttH, tH, ggH el e
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i . ] _ 1 - W ;
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Target set of EW operators

Main HVV:

0
AL

page 62

0
AL

SMEFT Feynman Rules
arXiv:1704.03888

Cq)W, quB, quWB
quW, Cng’ CngB
C¥P, CE
C¥, CoY

0 . 0
Aul N"N\N\NS\NNN Zua

W,
h----- Wi
page 63 29,
h - Zi
C(pW, C(pB, CgoWB — c,,
quW, C(pB, quWB — 5ZZ
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Test EFT In off-shell HVV

e Applied to CMS data H') — 47 + 2£2v: CMS arXiv:2202.06923

(1) show that | ;; constraints are stable to EFT operators in HVV

(2) a step towards C?°, C*H, C?V, C?%, C?WE, CvY, C?V, C?%, C?WE, CO, ..
Vo —mS—~ vy =———~ v

C C ts K C . %
11.. Kz 2 s Q zz o Ko
~ ~ ~ ~ A Y
N s “
5 ‘
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Conclusion



Summary / Conclusion

® Test off-shell H* in new regime: both CMS and ATLAS observe ~ 46 in Run-2

— best direct constraint on 1';; from H line shape across wide energy range

® Introduce off-shell H* in k framework (for Run-2 combination)

— Kp model any heavy particles in the loop

in addition to x,, K, (KQ equivalent to

— K, Kyy model HV'V couplings

— application to CMS data: I ', stable results

® Introduce off-shell H* in EFT fits (Run-2 & 3)

— naturally a part of VBS process

— CMS data: (oc,, Co7p Copr C,7) With ', stable results
— expand to CP-odd and CP-even operators

— more details: talk at the 20th Workshop of the LHC Higgs Working Group (2023)
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