
ATLAS invisible Higgs searches



Introduction
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Overview of the two most recent ATLAS results and the conf on Run1+2 combination

• Mono-Z(H →invisible)

• VBF 𝐻 →invisible + 𝛾

• Preliminary Run1 + 2 
combination



Mono-Z(H →invisible)
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• 2 leptons 𝒑𝑻 > 𝟑𝟎 𝟐𝟎 𝑮𝒆𝑽
• 𝟕𝟔 < 𝒎𝒍𝒍 < 𝟏𝟎𝟔 𝑮𝒆𝑽
• ∆𝑹 < 𝟏. 𝟖

• 𝑬𝑻𝒎𝒊𝒔𝒔 > 𝟗𝟎 𝑮𝒆𝑽
• 𝑺𝑬𝑻𝒎𝒊𝒔𝒔 > 𝟗

• 𝑺𝑬𝑻𝒎𝒊𝒔𝒔 =
𝑬𝑻
𝒎𝒊𝒔𝒔

𝝈𝑳 𝟏)𝝆𝑳𝑻
𝟐

Key SR selections: 

𝑙+

𝑙)

Z

arXiv:2111.08372

𝑔, 𝑔-

5 parameters:  {𝑚./0, 𝑚-, 𝑔, , 𝑔-, 𝑔1} 

Dm simpl. model

https://arxiv.org/pdf/2111.08372.pdf


Backgrounds

1. ZZ(→ 𝑙𝑙 + invisible)
2. WZ(→ 𝑙𝑙 + invisible)
3. Z + Jets
4. Non-resonant Backgrounds 

(WW, 𝑡 ̅𝑡, single top, Z → 𝜏𝜏)
5. Others (tribosons prod., 𝑡 ̅𝑡 +

𝑉, ZZ→ 4𝑙 )
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𝑙+

𝑙)

• 4 leptons
• 𝟕𝟔 < 𝒎𝒍𝒍,𝟏, 𝒎𝒍𝒍,𝟐 < 𝟏𝟎𝟔 𝑮𝒆𝑽

𝑙+

𝑙)

1 pair treated as invisible

Dedicated 4l CR

Same signal topology
One Z decaying to neutrinos



Backgrounds

1. ZZ(→ 𝑙𝑙 + invisible)
2. WZ(→ 𝑙𝑙 + invisible)
3. Z + Jets
4. Non-resonant Backgrounds 

(WW, 𝑡 ̅𝑡, single top, Z → 𝜏𝜏)
5. Others (tribosons prod., 𝑡 ̅𝑡 +

𝑉, ZZ→ 4𝑙 )
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• 3 leptons
𝒑𝑻 > 𝟑𝟎 𝟐𝟎, 𝟐𝟎 𝑮𝒆𝑽

• 𝟕𝟔 < 𝒎𝒍𝒍 < 𝟏𝟎𝟔 𝑮𝒆𝑽

𝑙+

𝑙)

• 𝑬𝑻𝒎𝒊𝒔𝒔 > 𝟑𝟎 𝑮𝒆𝑽
• 𝑺𝑬𝑻𝒎𝒊𝒔𝒔 > 𝟑
• 𝒎𝑻

𝑾 > 𝟔𝟎 𝑮𝒆𝑽

𝑙

Dedicated 3l CR

Z

W

𝜈

One lepton missed in reconstruction



1. ZZ(→ 𝑙𝑙 + invisible)
2. WZ(→ 𝑙𝑙 + invisible)
3. Z + Jets
4. Non-resonant Backgrounds 

(WW, 𝑡 ̅𝑡, single top, Z → 𝜏𝜏)
5. Others (tribosons prod., 𝑡 ̅𝑡 +

𝑉, ZZ→ 4𝑙 )
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𝑙+

𝑙)

• 𝑬𝑻𝒎𝒊𝒔𝒔 Arises mostly from Jets mismeasurements

Constrained through MC
Predictions verified in a 𝑺𝑬𝑻𝒎𝒊𝒔𝒔 < 𝟗 region and 
through a 𝛾+Jets sample (similar production diagram)

Backgrounds



Backgrounds

1. ZZ(→ 𝑙𝑙 + invisible)
2. WZ(→ 𝑙𝑙 + invisible)
3. Z + Jets
4. Non-resonant Backgrounds 

(WW, 𝑡 ̅𝑡, single top, Z → 𝜏𝜏)
5. Others (tribosons prod., 𝑡 ̅𝑡 +

𝑉, ZZ→ 4𝑙 )
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𝒆

𝝁

Dedicated 𝒆𝝁 CR

Same as SR, but two different lepton flavor



Backgrounds

1. ZZ(→ 𝑙𝑙 + invisible)
2. WZ(→ 𝑙𝑙 + invisible)
3. Z + Jets
4. Non-resonant Backgrounds 

(WW, 𝑡 ̅𝑡, single top, Z → 𝜏𝜏)
5. Others (tribosons prod., 𝑡 ̅𝑡 +

𝑉, ZZ→ 4𝑙 )
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Uncertainties
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Among Theoretical Unc. ZZ modelling dominates

Among Experimental Unc. JES and JER dominates

• Uncertainties impact evaluated fixing the 
corresponding NP to their best-fit values, and 
subtracting the square of the resulting uncertainty 
from the square of the total uncertainty to evaluate 



Results
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Simultaneous fit of SR and all CR

A BDT is used to separate Signal and Bkg
8 variables:
𝐸5.677/𝐻5 ,  𝑆8'()** ,  𝐻5 ,  𝑓79:;,  𝑚11 ,  𝛥𝑅11 ,  𝑦11 ,  ∆𝜑(𝑙𝑙, 𝐸5.677)

BDT score 𝐸5.677

SR 𝒆𝝁 CR 3l CR 4l CR
Profile likelihood:



Results
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45% improvement! 
(compared to the previous result scaled for stat.)
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No significant excess is observed. 

Observed (expected) 95% CL limit:
0.19 (0.19)𝑩𝑹𝑯→𝒊𝒏𝒗.
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Scalar 𝝈𝑾𝑰𝑴𝑷)𝑵: down to 𝟏𝟎)𝟒𝟓𝒄𝒎𝟐 Fermion Majorana 𝝈𝑾𝑰𝑴𝑷)𝑵: down to 𝟏𝟎)𝟒𝟔𝒄𝒎𝟐

Results
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𝐻 → 𝛾𝛾0

Key Events selections: 

• ∆𝜑HH < 2.5

• 𝐸5.677 > 150 𝐺𝑒𝑉
• No leptons
• 1 photon

∆𝜂HH

• (Sub-) Leading 
jet 𝑝5 >
60 50 𝐺𝑒𝑉

• |Δ𝜂HH| > 3

𝐻 → 𝑖𝑛𝑣.

VBF 𝐻 →invisible + 𝛾 arXiv:2109.00925

https://arxiv.org/abs/2109.00925


Dominant Backgrounds

Luigi Sabetta | 30 November 2021 | ATLAS invisible Higgs searches 14

• Dominant irreducible background:

𝑍 → 𝜐�̅� + 𝑗𝑒𝑡𝑠 + 𝛾

• SM MC predictions constrained using orthogonal CRs

~𝑊 → 𝑙197;𝜐 + 𝑗𝑒𝑡𝑠 + 𝛾 𝑒, 𝜇

W CR
𝑊 → 𝑙𝜐 + 𝑗𝑒𝑡𝑠

𝜐

~𝑍 → 𝜐�̅� + 𝑗𝑒𝑡𝑠 + 𝛾

Z CR

𝑍 → 𝜐�̅� + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑍 → 𝜈𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑊 → 𝑙𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

𝜐
𝜐

reversed centrality



Backgrounds
• 𝑝𝑝 → 𝑍 → 𝜈𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑊 → 𝑙𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑍 → 𝜈𝜈 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑊 → 𝑒𝜈 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝛾 + 𝑗𝑒𝑡𝑠

Jet faking photon
One of the jets is reconstructed as a photon.

Estimated through data using an ABCD method: three background 
regions and one signal regions are defined in the photon isolation-
tightness plane.

~1.56 % of the total Hinv SR Bkg with an 80-90% syst. unc.
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Non-met 
tightness 
criteria



• 𝑝𝑝 → 𝑍 → 𝜈𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑊 → 𝑙𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑍 → 𝜈𝜈 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑊 → 𝑒𝜈 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝛾 + 𝑗𝑒𝑡𝑠

Backgrounds
Electron faking photon
When the electron is reconstructed as a photon.

Data driven estimation. Determined from a comparison of the rate of Z	
boson reconstruction in the 𝑒±𝛾 and 𝑒&𝑒' final states. The full Run 2 
dataset is used to select Z	→	ee events in which the electron pairs in the 
final state are reconstructed either as an 𝑒&𝑒' pair or mis-
reconstructed as an 𝑒±𝛾 pair. 
(mis-reconstruction rate between 1.5% and 9% )

~6.5 % (30%) of the total Hinv (𝐻 → 𝛾𝛾() SR Bkg with a 15-30% syst. unc.
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𝑚// 𝑚/I



• 𝑝𝑝 → 𝑍 → 𝜈𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑊 → 𝑙𝜈 + 𝛾 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑍 → 𝜈𝜈 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝑊 → 𝑒𝜈 + 𝑗𝑒𝑡𝑠

• 𝑝𝑝 → 𝛾 + 𝑗𝑒𝑡𝑠

Backgrounds

MultiJet
Minor background since these events do not have intrinsic 𝐸)*+,,.

MC sample stat enhanced by a factor of 20 through jet smearing 
(smeared quantities: 𝐸-./, 𝜂-./ , 𝜑-./ )

~0.5 % of the total Hinv SR Bkg with a 94% syst. unc.
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Seed Event

Smearing

Jet
MET



Uncertainties
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Dominated by Data stats.

• Uncertainties impact evaluated as in the 
monoZ analysis

Second highest contribution
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Results

• Simultaneous likelihood fit to 
𝑫𝑵𝑵 𝒔𝒄𝒐𝒓𝒆 distribution in CR + SR to 
improve background estimation

No significant excess is observed. 

Observed (expected) 95% CL limit:
0.37(0.34)J.KJ+J.KL)𝑩𝑹𝑯→𝒊𝒏𝒗.



𝐻 → inv. combination  

Luigi Sabetta | 30 November 2021 | ATLAS invisible Higgs searches 20

Combination of Run1+2 set a limit on the 𝑩𝑹𝑯→𝒊𝒏𝒗. = 0.11 

Scalar 𝝈𝑾𝑰𝑴𝑷)𝑵: down to less than 𝟏𝟎)𝟒𝟓𝒄𝒎𝟐

Fermion Majorana 𝝈𝑾𝑰𝑴𝑷)𝑵: down to 𝟏𝟎)𝟒𝟕𝒄𝒎𝟐

ATLAS-CONF-2020-052

Run2 analysis:
• ttH
• VBF 𝐻 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒

Many others not included yet
(e.g. Mono-Jet, Mono-Z(ll))

http://cdsweb.cern.ch/record/2743055/files/ATLAS-CONF-2020-052.pdf


Conclusion
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• Mono-Z presented! arXiv:2111.08372

• VBF+ MET + 𝛾! arXiv:2109.00925

• Run1+2 combination! ATLAS-CONF-2020-052

..and more to come

• VBF + MET

• Complete combination

• Mono-V(had)

https://arxiv.org/pdf/2111.08372.pdf
https://arxiv.org/abs/2109.00925
http://cdsweb.cern.ch/record/2743055/files/ATLAS-CONF-2020-052.pdf


Backup 
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Signal 𝑨×𝝐 Events

𝒁𝑯 → 𝒍𝒍 + 𝒊𝒏𝒗. 𝟖% 120

DM model
(𝒎𝝌 = 𝟏 𝑮𝒆𝒗,𝒎𝒎𝒆𝒅 = 𝟗𝟎𝟎 𝑮𝒆𝑽) 20% 145

2HDM+a
(𝒕𝒂𝒏𝜷 = 𝟏. 𝟎, 𝒔𝒊𝒏𝜽 = 𝟎. 𝟕

𝒎𝑨= 𝟔𝟎𝟎 𝑮𝒆𝑽,𝒎𝒂 = 𝟒𝟎𝟎 𝑮𝒆𝑽,𝒎𝝌= 𝟏𝟎 𝑮𝒆𝒗)
32% 182

monoZ SR selection efficiencies



2HDM + a
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• More complex model

• Implements                               
2 Higgs doublets 
(5 Higgs bosons) 

• More parameters 

{𝑚S, 𝑚T , 𝑚-, tan 𝛽 , sin 𝜃}
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Results



Results
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For the 2HDM+a interpretation, the profile likelihood uses the 𝑚5 of the dominant ZZ background for 
all SR and CR

The hashed red area indicates that the width of one of the Higgs bosons is larger than 20% of its mass 
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The analysis aims to find  an excess in the 
𝐷𝑁𝑁 𝑠𝑐𝑜𝑟𝑒 𝑠𝑝𝑒𝑐𝑡𝑢𝑚 for the invisible decay, in the 
𝑚5 𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚 for the 𝛾𝛾0 decay

Input features
1. ∆𝜂!!
2. ∆𝜑!!
3. 𝑚!!
4. 𝐸"

#$%%,'()*+,

5. 𝜂(𝛾)
6. 𝑝" 𝑗-
7. 𝑝" 𝑗.
8. 𝜂(𝑗.)

Output:
1 ~ signal like
0 ~ bkg like

Binning = [0, 0.25, 0.6, 0.8, 1] 

ATLAS-CONF-2021-004

VBF 𝐻 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒+ 𝛾
Discriminating variables for the final fit 

http://cdsweb.cern.ch/record/2758212/files/ATLAS-CONF-2021-004.pdf
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Results

Observation of SM EW 𝑍𝛾 + 𝑗𝑒𝑡𝑠 reported 
with an observed (expected) 5.2 𝜎 (5.1 𝜎)

𝜎U →VWV I8X
:60. 1.31 ± 0.29 𝑓𝑏

Highest sensitivity 
to date

✓

• Simultaneous likelihood fit to 𝒎𝒋𝒋 distribution in CR + SR to improve background estimation
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Results
• Simultaneous likelihood fit to 𝒎𝑻 distribution in CR + SR to improve background estimation

No significant excess is observed. 
Observed (expected) 95% CL limit:

most stringent to date

𝑩𝑹𝑯𝟏𝟐𝟓𝑮𝒆𝑽→𝜸𝜸𝒅 0.018 (0.017)J.JJL+J.JJ[)

✓

CMS result: 0.029

https://inspirehep.net/files/f09a1301b2681352dc14ddccb07bf12b

