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Osmiy = HTH €, WY W1PO
Motivation

BSM sources of CP violation required to explain baryonic asymmetry.

Searching for CP violation in HWW in WH production
« probes specifically HWW interaction (not possible in VBF)

SMEFT, Warsaw basis, 1 dimension-6 CP-odd operator, O gy,

Caw *
IMI? = 1M I3y + - 2% (M5, Msy )
J

H/_/ ~

CP-even CP-odd
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Analysis overview - |

Spin-off of ATLAS VH(bb/cc) analysis (JHEP 04 (2025) 075), targeting WH(bb) events:

* Oneisolated electron or muon + missing transverse energy
* Resolved regime (p¥ < 400 GeV/) with 2 b-tagged small-R (R=0.4) jets
 Boosted regime (p}¥ > 400 GeV) with large-R jet (R=1.0) with two b-tagged subjets

Events in resolved regime further categorized in p¥¥ and #jets (reconstruction-level)

Several control regions defined in resolved and boosted regimes
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cosdt = ﬁi(’W)' (Bu X Pw)

1B 1B % Bl

p; :momentum of lepton in W boson rest frame

| CP-odd observable

CP-odd observable: cos §* (JHEP 04 (2015) 103)
« Weighting by lepton charge, Q, cosé™, c
increases sensitivity (JHEP 04 (2024) 014) é
E 0.037 | :
Neutrino reconstructed from W mass constraint £ — g
. . . 2002
» Selecting solution that minimizes |B} — B | o5
. : 0014 ... Chiy= — 0.5
(8,: longitudinal boost) — . Backgrounds (SM)
0.00 T T .
-0.5 0.0 0.5
JHEP 04 (2024) 014 Qpcosé6™
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‘ Analysis overview - |l

Splitting signal regions into

Qp,cosé6t <0and Q,cosé™ >0

Fitting S/B BDT in STXS-style

templates splitin Q, cos §* x p¥

Interpreting STXS signal strengths

as a function of ¢y,

ATLAS Simulation Preliminary
Vs =13 TeV, 140 fb!
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‘ STXS cate

STXS Category

gorization

ATLAS Simulation Preliminary

Vs=13TeV

WH, p?* > 400 GeV, Q,cos3™* > 0.0 0.1 00 07 59 10 53 104 - B
= C
WH, p!"* > 400 GeV, Q cos5™* £0.0 0.1 0.0 9 53 - 10.3 -%,
B 3 ©
WH, 250 < p;'* < 400 GeV, Q,cos8™* > 0.0 0.1 01 11 84 15 81 78 - 10.8 - 09 74 o
B 1 ©
WH, 250 < p'" < 400 GeV, Q cos5 <0.0 | 0.1 0.1 83 11 82 15 - - 109 73 09 50 S
B 1 n
WH, 150<p¥‘”<250 GeV,Qcosd“>0.0 | 1.1 102 1.7 109 - 11.5 - 1.0 88 16 100
- . 40
WH, 150 < p["' < 250 GeV, Qcoss" <00 | 101 1.1 110 1.8 - 8.4 - 114 87 09 101 16
WH, 75 < p}'* < 150 GeV, Q cos5 > 0.0 | 6.6 - 9.7 - 8.2 9.2 0.0 30
WH, 75 < p!** < 150 GeV, Q cos5™ 0.0 6.7 98 82 10 89 18 0.0 20
T |
WH, pzv’t <75GsV, Q cosd*>00| 08 85 19 96 10
WH, pM'<75GeV,Qcos5™ <00 | 84 09 96 18
0
Tiep o Tlep o Tiep o Tlep o Tlep o Tlep o Tlep o Thep o Tlop o Tlep o Thep o Tlep o Tiep 7l
0,0 R o R g, P@ P o, P o R g pg 0o, P o, R 3. TR 3. P,pI/ P,
Je J& /e Je Je e Je, /& /8, /8 /8,
s 75v;§ 5? if 75 IS 75 is 750 i: 750 ® 150vi:|/750 v::’v SoviE'VQSO visvgso vf:vgsé’ ':'90 OG@V Q
T <150 7 S155 T V< 7 7 < < < N -
Fle g ZOGS'/SOG'; B P g S P ot
7 °O 7 Co, 7 Co, " Co, Co Co, Co, Co, Co, Co, Co, Co,
e e T o

Misassignment of events largely due to mismeasured p¥
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‘ Results — STXS fit

-—_—
ATLAS Preliminary WH, H— bb {s=13 TeV, 140 fb™
e Obs. ==Tot. unc. Stat. unc. Theo. unc.
Tot. ( Stat., Syst.)
WH, 75 < p!** < 150 GeV, Q cos8’ <0 ——e—— 156 % (157 » 1i%
Large set of uncertainties, WH, 75 < 5 < 150 GeV, Q cos5’ >0 | == 003 i (Lo o)
+0.60 + 0.45 + 040
. . . . WH, 150 < p™"! < 250 GeV, Q cos&’ =0 H-o—H 024 .5 (Los » Zass )
including migration between T |
+0.66 + 0.47 + 046
WH, 150 < p** < 250 GeV, Q, cosB" >0 F—e—H 181 Lyg (105 » Zoa
+ . . ‘ N -
Qf cosd Categorles for main WH, 250 < p™* < 400 GeV, Q cosd” <0 o1 160 o5 (105 + Zom
+0.54 + 0. +0.
backgrounds WH, 250 < p!"* < 400 GeV, Q, cos5" >0 I=er=l 080 gy (Lo, oo
WH, p" > 400 GeV, Q cos5" <0 I—e—il 0.03 g% (Lom » oo
WH, pi** > 400 GeV, Q cos8" >0 F—a—il 047 0% (“o% » Zom )
PR T PR B T S S | PO SR [ TR SR N N S T
2 0 4 6 8 10

STXS results consistent with SM within 2o
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Results - Interpretation

4.5

) - ' &

Analytical parametrization of STXS [ =S ATLAS Preliminary ’,g

- . = E {s=13TeV, 140 fb” s

signal strengths as a function of c gy, . 35 WH, H—bb, A=1TeV E

= K 95%CL intervals: E

derived using SMEFTsim3 and Rivet. = Observed: [-0.62, 0.85] -

2.5 ;— ' - - Expected: [-0.58, 0.59] —;

2F-95% O\, 3

To factorize out normalization effects: 15E g =

 Parametrization linear in ¢y, 1= E

. . 0.5 =

« Signal strength in each 3 | N | E
1 1 1 1 1 1 . | = 1 1

g 05 0 0.5 1

p¥ STXS category
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‘ Conclusions

First ATLAS search for CP violation
in HWW vertex in WH(bb)

* Competitive limits

* Complementary to VBF

» Opens the door for additional

property measurements in VH

Stay tuned !

ATLAS Preliminary
Vs =13 TeV, 139-140 fb™!

VBF H — 7 (prod.)

arXiv:2506.19395 |

WH, H — bb (prod.)
ATL-PHYS-PUB-2025-022 :

H— WW'" (prod.)
arXiv:2504.07686 |

H - yy (prod.)
Phys. Rev. Lett. 131 (2023) 061802

H - ZZ" (prod.+decay)

JHEP 05 (2024) 105 |

Higgs Hunting 2025

L A=1TeV

Expect

[ 95% confidence level xpected e Observed |

BestFit 95%CL |

B 0.21 [-0.23, 0.70] |

[-0.41, 0.44] |

B ————— 0.10  [-0.62,0.85] -

[-0.58, 0.59] |

B ° 020  [-1.00, 0.60]

[-0.90, 0.90] ]|

N —_—— 024  [0.53,1.02]-

[-0.94, 0.94] ]

N 0.60  [-0.81,1.54]

[-1.26, 1.28] ]

_i1 d -i 2‘ é 1
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‘ Differences to ATLAS VH(bb/cc) analysis

Key differences to ATLAS VH(bb/cc) analysis (JHEP 04 (2025) 075):

Removed all H — cc categories and zero- and two-lepton H — bb categories (low sensitivity)
Removed events with hadronic taus (worse resolution)

Merged 400 < p¥ < 600 and p¥ > 600 GeV categories (reduce fluctuations from Q, cos §* split)
Adjusted boundaries of resolved Top(bc) control region: [250, co[ - [250,400] GeV

Treated ZH contribution as background, with overall normalization uncertainty

Removed all Z+jets systematics, except for overall normalization uncertainty

Removed background modelling uncertainties based on removed regions (e.g. 2L->1L acceptance)

Added relative acceptance uncertainty between Q, cos §* categories for Top(bb) and W+HF

Higgs Hunting 2025 11


https://doi.org/10.1007/JHEP04(2025)075

Analysis categories

A
Flavour tagging
1 b-tag
1 ctag
(BC tag)
Resolved Boosted
2 jet 3 jet 2 jet 3 jet 2 jet 3 jet
Low AR CR Low AR CR Low AR CR Low AR CR Low AR CR Low AR CR
2b tag (BDTCRLOW) (BDTCRLUW) (BDTCRLovﬂ./) (BDTCRLOW) (BDTCRLUW) (BDTCRLOW) o TOD CR
- O
(BB tag) High AR CR High AR CR High AR CR High AR CR High AR CR High AR CR (my)
(1) (1) (1) (»Y) (1) @)
Q;cos 8% | Qpcos 8 | Qycos 6T Qpcos8" | Q,cos 8 Qpcos8T | Q,cos8" | Qycos8t | Q,cos 8% Qpcos8t | Qcos 8| Qpcos St Q;cos &* Q, cos &+
<0 >0 <0 >0 <0 >0 <0 >0 <0 >0 >0 <0 >0
(BDT,;) (BDT,) | (BDT,) | (BDT4) | (BDTy) | (BDTy) | (BDTy) | BDTw) | (BDTy) & (BDTu) (BT, (BDT,y) (BDTyy)
T
75 GeV 150 GeV 250 GeV 400 GeV pY

Higgs Hunting 2025

12



‘ Selected post-fit plots - resolved

re] LI NN B B B LN B B I [fe} LR B B B LA B B B
N L —e— Data o o —e— Data
4 [ - —
S 10*E ATLAS Prellml_r]ary B WH, Hos b (u=0.93) S 1g¢ = ATLAS Preliminary B WH, Ho bB (1=093) 3
@ E Vs=13TeV, 140 b Diboson 3 @ E Vs=13TeV, 140 fo” Diboson B
< [ 1 lepton, 2 jets, 2 b-t I Other ] = F ? - Oth 4
g - epton, 2 je :, ag et 1 § r 1fepton,2]et:,2bfag =1,s:rchan ]
fim} 250 GeV < p] <400 GeV/ Topibb) ] - 250 GeV <p! <400 GeV Top(bh) -
% @, coss® < 0.0 Top(bgiqq) — 5*
10 E s;? Wt E 103? , cost* > 0.0 -m:iw«ql =
= ] Uncertainty ] £ SR [] Uncertainty B
r *a++ Pre-fit background 7 r ===+ Pre-fit background ]
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Agreement in split SRs within 1o around unity, same agreement in CRs as VH analysis
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‘ Selected post-fit plots - resolved
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Agreement in split SRs within 2¢ around unity, same agreement in CRs as \VH analysis.
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