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Jets are collimated sprays of hadronic particles produced in proton-proton collisions 
at the Large Hadron Collider.
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Jets: what are they?
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Jets: why are they important?
Jets are (by far) the most dominant final state objects produced in the proton-proton 
collisions at the Large Hadron Collider.
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Jets are (by far) the most dominant final state objects produced in the proton-proton 
collisions at the Large Hadron Collider.
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Jets are key ingredients to study physics (test the Standard Model, search for new 
phenomena, etc.) in the proton-proton collisions at the Large Hadron Collider.

5

Jets: why are they important?
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Jets: why are they important?
Jet energy calibration (scale) & resolution are the important systematics in many of 
these physics analyses.
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Energy measurement: example

Calorimeter
⇡+

E = 90GeV

Consider injecting a beam 
of pions with precise 
energy into a calorimeter

The ATLAS calorimeters 
are non-compensating: 
hadrons are measured on 
average with less energy 
compared to electrons 
and photons
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1. Calibration: scale 
measurement to true 
value (on average)

The ATLAS calorimeters 
are non-compensating: 
hadrons are measured on 
average with less energy 
compared to electrons 
and photons

Energy measurement: example
Consider injecting a beam 
of pions with precise 
energy into a calorimeter

Calorimeter
⇡+

E = 90GeV
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Energy measurement: example

1. Calibration: scale 
measurement to true 
value (on average)

2. Resolution: the 
standard deviation 
(approx. gaussian)

Calorimeter
⇡+

E = 90GeV

Consider injecting a beam 
of pions with precise 
energy into a calorimeter

The ATLAS calorimeters 
are non-compensating: 
hadrons are measured on 
average with less energy 
compared to electrons 
and photons
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ATLAS calorimeters
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ATLAS calorimeters
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ATLAS calorimeters
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p

p

 9 m

 13 m
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p
<latexit sha1_base64="DXkmTd8ELuE/4hdk5qNHI9ZIXuc=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0il0PZW8OKxBWOFNpTNdtKu3XywuxFK6C/w4kHFq3/Jm//GbRpBRR8MPN6bYWaenwiutON8WKW19Y3NrfJ2ZWd3b/+genh0o+JUMnRZLGJ561OFgkfoaq4F3iYSaegL7Puzy6Xfv0epeBxd63mCXkgnEQ84o9pIvWRUrTl2OwdZkWajIO06qdtOjhoU6I6q78NxzNIQI80EVWpQdxLtZVRqzgQuKsNUYULZjE5wYGhEQ1Relh+6IGdGGZMglqYiTXL1+0RGQ6XmoW86Q6qn6re3FP/yBqkOWl7GoyTVGLHVoiAVRMdk+TUZc4lMi7khlElubiVsSiVl2mRTMSF8fUr+J+6F3badXqPWaRVplOEETuEc6tCEDlxBF1xggPAAT/Bs3VmP1ov1umotWcXMMfyA9fYJGdqNUA==</latexit><latexit sha1_base64="DXkmTd8ELuE/4hdk5qNHI9ZIXuc=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0il0PZW8OKxBWOFNpTNdtKu3XywuxFK6C/w4kHFq3/Jm//GbRpBRR8MPN6bYWaenwiutON8WKW19Y3NrfJ2ZWd3b/+genh0o+JUMnRZLGJ561OFgkfoaq4F3iYSaegL7Puzy6Xfv0epeBxd63mCXkgnEQ84o9pIvWRUrTl2OwdZkWajIO06qdtOjhoU6I6q78NxzNIQI80EVWpQdxLtZVRqzgQuKsNUYULZjE5wYGhEQ1Relh+6IGdGGZMglqYiTXL1+0RGQ6XmoW86Q6qn6re3FP/yBqkOWl7GoyTVGLHVoiAVRMdk+TUZc4lMi7khlElubiVsSiVl2mRTMSF8fUr+J+6F3badXqPWaRVplOEETuEc6tCEDlxBF1xggPAAT/Bs3VmP1ov1umotWcXMMfyA9fYJGdqNUA==</latexit><latexit sha1_base64="DXkmTd8ELuE/4hdk5qNHI9ZIXuc=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0il0PZW8OKxBWOFNpTNdtKu3XywuxFK6C/w4kHFq3/Jm//GbRpBRR8MPN6bYWaenwiutON8WKW19Y3NrfJ2ZWd3b/+genh0o+JUMnRZLGJ561OFgkfoaq4F3iYSaegL7Puzy6Xfv0epeBxd63mCXkgnEQ84o9pIvWRUrTl2OwdZkWajIO06qdtOjhoU6I6q78NxzNIQI80EVWpQdxLtZVRqzgQuKsNUYULZjE5wYGhEQ1Relh+6IGdGGZMglqYiTXL1+0RGQ6XmoW86Q6qn6re3FP/yBqkOWl7GoyTVGLHVoiAVRMdk+TUZc4lMi7khlElubiVsSiVl2mRTMSF8fUr+J+6F3badXqPWaRVplOEETuEc6tCEDlxBF1xggPAAT/Bs3VmP1ov1umotWcXMMfyA9fYJGdqNUA==</latexit>



Conservation of momentum
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prefT

pprobeT

X
piT = 0

X
pfT = prefT � pprobeT = 0

) prefT = pprobeT

�� = ⇡

p p

Probe 
want to study its calibration & resolution

Reference 
well-measured

(ideally)
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prefT

pprobeT

Conservation of momentum

Any momentum imbalance between a 
well-measured reference particle & a 
probe jet attributed to resolution of 
our jet energy measurement.

Z/�

jet

�� = ⇡

proton “bunch”

V+jet event
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prefT

pprobeT

Conservation of momentum
jet

jet
�� = ⇡

The reference can also be a jet as long 
as we are sure it is “well-measured”.

proton “bunch”

Any momentum imbalance between a 
well-measured reference particle & a 
probe jet attributed to resolution of 
our jet energy measurement.

dijet event
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In-situ measurement

A ⌘ pprobeT � prefT

pavgT

Define the asymmetry of the dijet system:

(prefT , ⌘ref)

(pprobeT , ⌘probe)

|⌘| = 0.8

well-calibrated 
detector region

Study this quantity in jet transverse momenta & detector region: (pavgT , ⌘probe)



Perfect balance (calibration + resolution) will always give zero asymmetry.


1.5− 1− 0.5− 0 0.5 1 1.5

Asymmetry
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Jet energy resolution

�A =

⌧
�pT

pT

�

ref

�
⌧
�pT

pT

�

probe
<latexit sha1_base64="m+aJuyn/7jBEQhISp40rBo7doQo="></latexit><latexit sha1_base64="m+aJuyn/7jBEQhISp40rBo7doQo="></latexit><latexit sha1_base64="m+aJuyn/7jBEQhISp40rBo7doQo="></latexit>



Perfect balance (calibration + resolution) will always give zero asymmetry.

We observe a width around zero due to energy resolution.

20

Jet energy resolution

1.5− 1− 0.5− 0 0.5 1 1.5
Asymmetry

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
no

rm
al

iz
ed

0.000± = 0.000µ
0.001± = 0.213σ

 [GeV] < 195avg
T

145 < p
 < 0.8

ref
η

 < 0.8
probe

η-0.8 < 

2016 data

fit

ATLAS work-in-progress 
2016 data

√s = 13 TeV, 33 fb-1

�A
<latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="Z1WHn6+JsTLq4yTm2+yGcu2g8fE=">AAAB8XicbVBNS8NAFHzxs9aqUbx5WSyCp5J6UW+KF48VjC00IWy2m3bp7ibsboQagn/FiwcV/4w3/42btgdtHVgYZt7jzU6ccaaN5307K6tr6xubta36dmNnd8/dbzzoNFeE+iTlqerFWFPOJPUNM5z2MkWxiDntxuObyu8+UqVZKu/NJKOhwEPJEkawsVLkHgaaDQWOikBgMyKYF9dlGblNr+VNgZZJe06aMEcncr+CQUpyQaUhHGvdb3uZCQusDCOclvUg1zTDZIyHtG+pxILqsJimL9GJVQYoSZV90qCp+nujwELriYjtZJVRL3qV+J/Xz01yERZMZrmhkswOJTlHJkVVFWjAFCWGTyzBRDGbFZERVpgYW1jdltBe/PIy8c9aly3vzoMaHMExnEIbzuEKbqEDPhB4ghd4g3fn2Xl1PmZtrTjz2g7gD5zPHxoRlBI=</latexit><latexit sha1_base64="fctv1HpOU/dmKsY/2L8ZuK9YAF8=">AAAB8XicdVBNSwMxFHxbv2qtWsWbl2ARPC1ZdbF7U7x4rODaQreUbJq2odkPkqxQl+Jf8eJBxT/jzX9jtq2gogOBYeY93mTCVHClMf6wSkvLK6tr5fXKRnVza7u2U71VSSYp82kiEtkOiWKCx8zXXAvWTiUjUShYKxxfFn7rjknFk/hGT1LWjcgw5gNOiTZSr7YXKD6MSC8PIqJHlIj8Yjrt1erYxq7nOhhh28WOd1IQz2ucui5ybDxDHRZo9mrvQT+hWcRiTQVRquPgVHdzIjWngk0rQaZYSuiYDFnH0JhETHXzWfopOjRKHw0SaV6s0Uz9vpGTSKlJFJrJIqP67RXiX14n04NGN+dxmmkW0/mhQSaQTlBRBepzyagWE0MIldxkRXREJKHaFFYxJXz9FP1P/GPbs/E1hjLswwEcgQNncA5X0AQfKNzDIzzDi/VgPVmv87ZK1qK2XfgB6+0ThraUYA==</latexit><latexit sha1_base64="JtchjK64gOBzKiGoWgUVTnupa4k=">AAAB/HicdVDLSsNAFJ34rPUVHzs3g0VwFSZqsAEXFTcuKxhbaEKZTKft0MmDmYlQQ/BX3LhQceuHuPNvnLQVVPTAwOGce7lnTphyJhVCH8bc/MLi0nJlpbq6tr6xaW5t38gkE4R6JOGJaIdYUs5i6immOG2nguIo5LQVji5Kv3VLhWRJfK3GKQ0iPIhZnxGstNQ1d33JBhHu5n6E1ZBgnp8XRdesIQs5rmMjiCwH2e5xSVy3fuI40LbQBDUwQ7Nrvvu9hGQRjRXhWMqOjVIV5FgoRjgtqn4maYrJCA9oR9MYR1QG+SR9AQ+00oP9ROgXKzhRv2/kOJJyHIV6sswof3ul+JfXyVS/HuQsTjNFYzI91M84VAksq4A9JihRfKwJJoLprJAMscBE6cKquoSvn8L/iXdkuRa6QrXG2ayNCtgD++AQ2OAUNMAlaAIPEHAHHsATeDbujUfjxXidjs4Zs50d8APG2yf1OZW9</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="Z1WHn6+JsTLq4yTm2+yGcu2g8fE=">AAAB8XicbVBNS8NAFHzxs9aqUbx5WSyCp5J6UW+KF48VjC00IWy2m3bp7ibsboQagn/FiwcV/4w3/42btgdtHVgYZt7jzU6ccaaN5307K6tr6xubta36dmNnd8/dbzzoNFeE+iTlqerFWFPOJPUNM5z2MkWxiDntxuObyu8+UqVZKu/NJKOhwEPJEkawsVLkHgaaDQWOikBgMyKYF9dlGblNr+VNgZZJe06aMEcncr+CQUpyQaUhHGvdb3uZCQusDCOclvUg1zTDZIyHtG+pxILqsJimL9GJVQYoSZV90qCp+nujwELriYjtZJVRL3qV+J/Xz01yERZMZrmhkswOJTlHJkVVFWjAFCWGTyzBRDGbFZERVpgYW1jdltBe/PIy8c9aly3vzoMaHMExnEIbzuEKbqEDPhB4ghd4g3fn2Xl1PmZtrTjz2g7gD5zPHxoRlBI=</latexit><latexit sha1_base64="fctv1HpOU/dmKsY/2L8ZuK9YAF8=">AAAB8XicdVBNSwMxFHxbv2qtWsWbl2ARPC1ZdbF7U7x4rODaQreUbJq2odkPkqxQl+Jf8eJBxT/jzX9jtq2gogOBYeY93mTCVHClMf6wSkvLK6tr5fXKRnVza7u2U71VSSYp82kiEtkOiWKCx8zXXAvWTiUjUShYKxxfFn7rjknFk/hGT1LWjcgw5gNOiTZSr7YXKD6MSC8PIqJHlIj8Yjrt1erYxq7nOhhh28WOd1IQz2ucui5ybDxDHRZo9mrvQT+hWcRiTQVRquPgVHdzIjWngk0rQaZYSuiYDFnH0JhETHXzWfopOjRKHw0SaV6s0Uz9vpGTSKlJFJrJIqP67RXiX14n04NGN+dxmmkW0/mhQSaQTlBRBepzyagWE0MIldxkRXREJKHaFFYxJXz9FP1P/GPbs/E1hjLswwEcgQNncA5X0AQfKNzDIzzDi/VgPVmv87ZK1qK2XfgB6+0ThraUYA==</latexit><latexit sha1_base64="JtchjK64gOBzKiGoWgUVTnupa4k=">AAAB/HicdVDLSsNAFJ34rPUVHzs3g0VwFSZqsAEXFTcuKxhbaEKZTKft0MmDmYlQQ/BX3LhQceuHuPNvnLQVVPTAwOGce7lnTphyJhVCH8bc/MLi0nJlpbq6tr6xaW5t38gkE4R6JOGJaIdYUs5i6immOG2nguIo5LQVji5Kv3VLhWRJfK3GKQ0iPIhZnxGstNQ1d33JBhHu5n6E1ZBgnp8XRdesIQs5rmMjiCwH2e5xSVy3fuI40LbQBDUwQ7Nrvvu9hGQRjRXhWMqOjVIV5FgoRjgtqn4maYrJCA9oR9MYR1QG+SR9AQ+00oP9ROgXKzhRv2/kOJJyHIV6sswof3ul+JfXyVS/HuQsTjNFYzI91M84VAksq4A9JihRfKwJJoLprJAMscBE6cKquoSvn8L/iXdkuRa6QrXG2ayNCtgD++AQ2OAUNMAlaAIPEHAHHsATeDbujUfjxXidjs4Zs50d8APG2yf1OZW9</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit><latexit sha1_base64="HJ+lY7NAh3385IQqfnnADh4yfPY=">AAAB/HicdVDLSgMxFM3UV62v8bFzEyyCqyGjHeyAi4oblxUcW+iUkknTNjTzIMkIdRj8FTcuVNz6Ie78GzNtBRU9EDiccy/35AQJZ1Ih9GGUFhaXllfKq5W19Y3NLXN750bGqSDUIzGPRTvAknIWUU8xxWk7ERSHAaetYHxR+K1bKiSLo2s1SWg3xMOIDRjBSks9c8+XbBjiXuaHWI0I5tl5nvfMKrKQ4zo2gshykO2eFMR16zXHgbaFpqiCOZo9893vxyQNaaQIx1J2bJSoboaFYoTTvOKnkiaYjPGQdjSNcEhlN5umz+GhVvpwEAv9IgWn6veNDIdSTsJATxYZ5W+vEP/yOqka1LsZi5JU0YjMDg1SDlUMiypgnwlKFJ9ogolgOiskIywwUbqwii7h66fwf+IdW66FrmrVxtm8jTLYBwfgCNjgFDTAJWgCDxBwBx7AE3g27o1H48V4nY2WjPnOLvgB4+0T9nmVwQ==</latexit>
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(|⌘probe| < 0.8)
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First results of my work on jet energy resolution in data collected in 2016.

Monte Carlo simulations also studied for comparison.
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Jet energy resolution
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• Detailed understanding of ATLAS detector’s jet energy measurement is crucial for the 
experiment’s physics analyses.


• Work is ongoing to determine the jet energy resolution in-situ using 2015-2017 data.
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Summary

Thank you



Backup
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Strictly speaking, a dijet event in data is a one which exhibits dijet topology: this is not 
necessarily a true dijet event!
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“Dijet” event?
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pile-up

multiple interactions from bunch crossing

out-of-cone radiation 
particles veering outside jet cone

sometimes leading to >2 jets

JVT(j1, j2) > 0.59
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��(j1, j2) > 2.5

pj3T /pavgT < 0.4
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more realistic picture:

dijet event 
what we want to study

consequence: these selections introduce systematics that must be carefully studied.



Resolution of a sampling calorimeter typically take the form
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Why the slope?
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Noise : processes independent of jet energy 
electronic noise

pileup


Constant : calorimeter design & parameters 
calorimeter dimensions

dead material


Stochastic : statistical fluctuations 
shower

sampling

signal

CERN-PH-EP-2012-191

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2011-04/


Dijet event asymmetry will exhibit resolution effects from both reference (well-calibrated) & probe 
(want to study resolution) detector regions.
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Probing other detector regions?
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already determined 
(pg. 20) 

then put in here

ATLAS work-in-progress 
2016 data

√s = 13 TeV, 33 fb-1



Perfect balance (calibration + resolution) will always give zero asymmetry.

Measurements requiring calibration will be centered away from zero.
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What about calibration?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2017-008/
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cell

﹡topo-cluster input jets

angular resolution negligible relative to that of 
energy for jets measured in ATLAS
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