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Introduction 
The Large Hadron Collider (LHC) at CERN is the largest and most powerful particle accelerator in 
the world, collecting 3,200 TB of proton-proton collision data every year. A true instance of Big 
Data, scientists use machine learning for rare-event detection, and hope to catch glimpses of new 
and uncharted physics at unprecedented collision energies.  

Our work focuses on the idea of the ATLAS detector as a camera, with events captured as 
images in 3D space. Drawing on the success of Convolutional Neural Networks in Computer 
Vision, we study the potential of deep leaning for interpreting LHC events in new ways.

The ATLAS detector 
The ATLAS detector is one of the two general-purpose experiments at the LHC. The 100 million 
channel detector captures snapshots of particle collisions occurring 40 million times per second. 
We focus our attention to the Calorimeter, which we treat as a digital camera in cylindrical space. 
Below, we see a snapshot of a 13 TeV proton-proton collision.

LHC Events as Images 
We transform the ATLAS coordinate system (η, φ) to a rectangular grid that allows for an image-
based grid arrangement. During a collision, energy from particles are deposited in pixels in (η, φ) 
space. We take these energy levels, and use them as the pixel intensities in a greyscale analogue. 
These images — called Jet Images — were first introduced by our group [JHEP 02 (2015) 118], 
enabling the connection between LHC physics event reconstruction and computer vision.. We 
transform each image in (η, φ), rotate around the jet-axis, and normalize each image, as is often 
done in Computer Vision, to account for non-discriminative difference in pixel intensities.  

In our experiments, we build discriminants on top of Jet Images to distinguish between a 
hypothetical new physics event, W’→ WZ, and a standard model background, QCD.  
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Physics Performance Improvements 
Our analysis shows that Deep Convolutional Networks significantly improve the classification of 
new physics processes compared to state-of-the-art methods based on physics features, 
enhancing the discovery potential of the LHC.  More importantly, the improved performance 
suggests that the deep convolutional network is capturing features and representations beyond 
physics-motivated variables.  

Concluding Remarks 
We show that modern Deep Convolutional Architectures can significantly enhance the discovery 
potential of the LHC for new particles and phenomena. We hope to both inspire future research 
into Computer Vision-inspired techniques for particle discovery, and continue down this path 
towards increased discovery potential for new physics.
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Deep Convolutional Networks 
Deep Learning — convolutional networks in particular — currently represent the state of the art in 
most image recognition tasks. We apply a deep convolutional architecture to Jet Images, and 
perform model selection. Below, we visualize a simple architecture used to great success.  

We found that architectures with large filters captured the physics response with a higher level of 
accuracy. The learned filters from the convolutional layers exhibit a two prong and location based 
structure that sheds light on phenomenological structures within jets. 

Visualizing Learning 
Below, we have the learned convolutional filters (left) and the difference in between the average 
signal and background image after applying the learned convolutional filters (right). This novel 
difference-visualization technique helps understand what the network learns.
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Understanding Improvements 
Since the selection of physics-driven variables is driven by physical understanding, we want to be 
sure that the representations we learn are more than simple recombinations of basic physical 
variables. We introduce a new method to test this — we derive sample weights to apply such that 

meaning that physical variables have no discrimination power. Then, we apply our learned 
discriminant, and check for improvement in our figure of merit — the ROC curve.
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Notice that removing out the individual effects of 
the physics-related variables leads to a likelihood 
performance equivalent to a random guess, but 
the Deep Convolutional Network retains some 
discriminative power. This indicates that the deep 
network learns beyond theory-driven variables — 
we hypothesize these may have to do with 
density, shape, spread, and other spatially driven 
features.
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JHWV DQG JHW 6XEVWUXFWXUH DW FXWXUH CROOLGHUV 
LHWWHU RI IQWHUHVW IRU 6QRZPDVV 2021 

 
7KH BOO67 FRPPXQLW\  1

 
JHW VXEVWUXFWXUH (J66) KDV HPHUJHG DV D SRZHUIXO IUDPHZRUN IRU VWXG\LQJ WKH 6WDQGDUG 
MRGHO (6M) DQG SURYLGHV D NH\ VHW RI WRROV IRU SURELQJ QDWXUH DW WKH KLJKHVW HQHUJ\ 
VFDOHV DFFHVVLEOH E\ WHUUHVWULDO H[SHULPHQWV >1-6@.  :KLOH QRW DQ H[SHULPHQWDO RU 
WKHRUHWLFDO FRQVLGHUDWLRQ RI WKH GHVLJQ RI RULJLQDO LHC H[SHULPHQWV, J66 LV QRZ EHLQJ 
ZLGHO\ XVHG​ ​WR e[WeQd WKe VeQVLWLYLW\ Rf VeaUcKeV ​ IRU QHZ SDUWLFOHV, WR ​eQKaQce WKe 
SUecLVLRQ Rf PeaVXUePeQWV​ RI KLJKO\-LRUHQW]-ERRVWHG 6M SDUWLFOHV, DV ZHOO DV ​WR 
SURbe WKe fXQdaPeQWaO aQd ePeUJeQW SURSeUWLeV ​ RI WKH VWURQJ IRUFH LQ QHZ ZD\V. 
AORQJ WKH ZD\, WKH J66 FRPPXQLW\ KDV EHHQ D FDWDO\VW IRU QHZ GHWHFWRU FRQFHSWV, QHZ 
DQDO\VLV WRROV (H.J., GHHS OHDUQLQJ), QHZ WKHRU\ WHFKQLTXHV, DQG PRUH.  JHW VXEVWUXFWXUH 
KDV EH ​HQ WUDQVIRUPDWLYH​ IRU WKH SK\VLFV SURJUDP RI WKH LHC  DQG LW FDQ SOD\ D FHQWUDO 2

UROH LQ WKH SK\VLFV FDVH IRU IXWXUH FROOLGHUV.  
 
7KH JRDO RI WKLV GRFXPHQW LV WR GHVFULEH QHZ SK\VLFV WKDW FRXOG EH GRQH ZLWK J66 DW 
IXWXUH FROOLGHUV  DQG ZKDW H[SHULPHQWDO DQG WKHRUHWLFDO FRQVLGHUDWLRQV DUH UHTXLUHG WR 3

HPSRZHU WKLV SK\VLFV SURJUDP.  7KH IRFXV ZLOO EH RQ TXDOLWDWLYHO\ QHZ FDSDELOLWLHV DQG 
PRVW VWURQJO\ DOLJQV ZLWK WKH ​PUecLVLRQ QCD ​ >EF05@​ ​aQd ​ BSM PK\VLcV ​ >EF08, EF09, 
EF10@ WRSLFDO JURXSV RI WKH ​EQeUJ\ FURQWLeU ​, EXW ZLOO KDYH VWURQJ FRQQHFWLRQV WR RWKHU 
HIIRUWV LQ QCD DQG VWURQJ LQWHUDFWLRQV (HDGURQLF 6WUXFWXUH >EF06@, HHDY\ IRQV >EF07@, 
3UG JHQHUDWLRQ TXDUNV >EF03@) DV ZHOO DV LQ E: PK\VLFV.  FXUWKHUPRUH, J66 WRROV DUH 
LQWLPDWHO\ FRQQHFWHG ZLWK HIIRUWV LQ WKH 7KHRU\ FURQWLHU (H.J. EF7, ​CROOLGHU 
SKHQRPHQRORJ\​), WKH IQVWUXPHQWDWLRQ FURQWLHU (H.J. ​6ROLG 6WDWH DHWHFWRU​V, 7ULJJHU, 
CDORULPHWU\), CRPSXWDWLRQDO FURQWLHU (H.J. AOJRULWKPV, 7KHRU\, MDFKLQH LHDUQLQJ, 8VHU 
AQDO\VLV, QXDQWXP CRPSXWLQJ), DQG CRPPXQLW\ EQJDJHPHQW. 
 
7KLV FRQWULEXWLRQ KDV HPHUJHG IURP ZLWKLQ WKH BOO67 FRPPXQLW\.  BOO67 LV D MRLQW 
WKHRU\-H[SHULPHQW ZRUNVKRS WKDW KDV EHHQ KHOG DQQXDOO\ VLQFH 2009.   7KH 2020 
LWHUDWLRQ RI WKH ZRUNVKRS LQFOXGHG D GLVFXVVLRQ DERXW IXWXUH FROOLGHUV DQG ZH KDYH WDNHQ 
WKLV RSSRUWXQLW\ WR ​RUJDQL]H DQ HIIRUW WR FRQWULEXWH WR 6QRZPDVV 2021​ ZLWK WKH JRDO RI 

1 6HH WKH ODVW SDJH IRU WKH FRPSOHWH OLVW.  CRQWDFW: ESQDFKPDQ@OEO.JRY. 
2 6HH UHYLHZV FLWHG DERYH.  CRQFUHWH H[SHULPHQWDO H[DPSOHV LQFOXGH >7-12@.  7KHVH SDSHUV DUH PHDQW WR 
EH UHSUHVHQWDWLYH, EXW GR QRW UHIOHFW WKH EUHDGWK DQG GHSWK RI VWXGLHV FRQGXFWHG E\ A7LA6, CM6, DQG 
ALICE. 
3 BH\RQG WKH LHC, VXFK DV D HLJJV IDFWRU\ RU D KLJK-HQHUJ\ SURWRQ-SURWRQ/HOHFWURQ-SRVLWURQ FROOLGHU, DQG 
LQFOXGLQJ WKH EIC. 
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1 6HH WKH ODVW SDJH IRU WKH FRPSOHWH OLVW.  CRQWDFW: ESQDFKPDQ@OEO.JRY. 
2 6HH UHYLHZV FLWHG DERYH.  CRQFUHWH H[SHULPHQWDO H[DPSOHV LQFOXGH >7-12@.  7KHVH SDSHUV DUH PHDQW WR 
EH UHSUHVHQWDWLYH, EXW GR QRW UHIOHFW WKH EUHDGWK DQG GHSWK RI VWXGLHV FRQGXFWHG E\ A7LA6, CM6, DQG 
ALICE. 
3 BH\RQG WKH LHC, VXFK DV D HLJJV IDFWRU\ RU D KLJK-HQHUJ\ SURWRQ-SURWRQ/HOHFWURQ-SRVLWURQ FROOLGHU, DQG 
LQFOXGLQJ WKH EIC. 

BOOST is a vibrant community of 
experimentalists and theorists who come 

together once a year for the BOOST 
conference to discuss the latest and 

greatest about jet substructure.
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1 6HH WKH ODVW SDJH IRU WKH FRPSOHWH OLVW.  CRQWDFW: ESQDFKPDQ@OEO.JRY. 
2 6HH UHYLHZV FLWHG DERYH.  CRQFUHWH H[SHULPHQWDO H[DPSOHV LQFOXGH >7-12@.  7KHVH SDSHUV DUH PHDQW WR 
EH UHSUHVHQWDWLYH, EXW GR QRW UHIOHFW WKH EUHDGWK DQG GHSWK RI VWXGLHV FRQGXFWHG E\ A7LA6, CM6, DQG 
ALICE. 
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LQFOXGLQJ WKH EIC. 

…While not an experimental or 
theoretical consideration of the design 
 of the original LHC experiments, JSS 
 is now being used widely used to… 

…it must be part of the design 
 of a future collider!
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“…The focus will be on qualitatively  
new capabilities…” 

We will try to keep a focused  
scope to the extent possible.
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UROH LQ WKH SK\VLFV FDVH IRU IXWXUH FROOLGHUV.  
 
7KH JRDO RI WKLV GRFXPHQW LV WR GHVFULEH QHZ SK\VLFV WKDW FRXOG EH GRQH ZLWK J66 DW 
IXWXUH FROOLGHUV  DQG ZKDW H[SHULPHQWDO DQG WKHRUHWLFDO FRQVLGHUDWLRQV DUH UHTXLUHG WR 3

HPSRZHU WKLV SK\VLFV SURJUDP.  7KH IRFXV ZLOO EH RQ TXDOLWDWLYHO\ QHZ FDSDELOLWLHV DQG 
PRVW VWURQJO\ DOLJQV ZLWK WKH ​PUecLVLRQ QCD ​ >EF05@​ ​aQd ​ BSM PK\VLcV ​ >EF08, EF09, 
EF10@ WRSLFDO JURXSV RI WKH ​EQeUJ\ FURQWLeU ​, EXW ZLOO KDYH VWURQJ FRQQHFWLRQV WR RWKHU 
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7KLV FRQWULEXWLRQ KDV HPHUJHG IURP ZLWKLQ WKH BOO67 FRPPXQLW\.  BOO67 LV D MRLQW 
WKHRU\-H[SHULPHQW ZRUNVKRS WKDW KDV EHHQ KHOG DQQXDOO\ VLQFH 2009.   7KH 2020 
LWHUDWLRQ RI WKH ZRUNVKRS LQFOXGHG D GLVFXVVLRQ DERXW IXWXUH FROOLGHUV DQG ZH KDYH WDNHQ 
WKLV RSSRUWXQLW\ WR ​RUJDQL]H DQ HIIRUW WR FRQWULEXWH WR 6QRZPDVV 2021​ ZLWK WKH JRDO RI 

1 6HH WKH ODVW SDJH IRU WKH FRPSOHWH OLVW.  CRQWDFW: ESQDFKPDQ@OEO.JRY. 
2 6HH UHYLHZV FLWHG DERYH.  CRQFUHWH H[SHULPHQWDO H[DPSOHV LQFOXGH >7-12@.  7KHVH SDSHUV DUH PHDQW WR 
EH UHSUHVHQWDWLYH, EXW GR QRW UHIOHFW WKH EUHDGWK DQG GHSWK RI VWXGLHV FRQGXFWHG E\ A7LA6, CM6, DQG 
ALICE. 
3 BH\RQG WKH LHC, VXFK DV D HLJJV IDFWRU\ RU D KLJK-HQHUJ\ SURWRQ-SURWRQ/HOHFWURQ-SRVLWURQ FROOLGHU, DQG 
LQFOXGLQJ WKH EIC. 

“…The focus will be on qualitatively  
new capabilities…” 

We will try to keep a focused  
scope to the extent possible.

Our ultimate goals are to influence the decision on the choice of 
the next energy frontier machine, influence the decision of the 
detectors (and other expensive resources like trigger/
computing) at said machine and the EIC, and to make a case 
for funding research / training programs in jet substructure (P5 
driver?).
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GHOLYHULQJ D ZKLWH SDSHU WR EH FRPSOHWHG RQ WKH WLPHVFDOH RI BOOST 2021 (LQ WLPH IRU 
WKH FRPPXQLW\ ZRUNVKRS DW WKH UQLYHUVLW\ RI WDVKLQJWRQ). 
 
TKLV LHWWHU RI IQWHUHVW DLPV WR RXWOLQH WKH PXOWLSOH DYHQXHV RI UHVHDUFK WKDW WKH DXWKRUV 
EHOLHYH ZLOO EH LPSRUWDQW LQ WKH FRQWH[W RI SQRZPDVV 2021. AV LQWURGXFHG DERYH, ZH 
EHOLHYH WKDW QXPHURXV WRSLFV RI UHOHYDQFH IRU WKH SQRZPDVV SURFHVV VKRXOG EH 
GLVFXVVHG DQG HYDOXDWHG ZLWK H[SOLFLW FRQVLGHUDWLRQV RI WKH LPSDFWV IRU DQG EHQHILWV 
IURP JSS WKHRU\, SKHQRPHQRORJ\, DQG H[SHULPHQWDO WRROV (ERWK KDUGZDUH DQG 
VRIWZDUH). TKHVH WRSLFV LQFOXGH, EXW DUH QRW OLPLWHG WR:  
 

1. TKHRUHWLFDO LQQRYDWLRQ WR HQDEOH QHZ DSSURDFKHV, LQFOXGLQJ DGYDQFHV LQ IL[HG 
RUGHU, UHVXPPDWLRQ, DQG QRQ-SHUWXUEDWLYH FRUUHFWLRQV 

D. (BH\RQG WKH) SWDQGDUG PRGHO SDUDPHWHUV (𝛼​V ​(LQFOXGLQJ UXQQLQJ), P​WRS​, 
EFTV, HLJJV VHOI FRXSOLQJ, HWF.) 

E. UQLTXH WHVWV RI IXQGDPHQWDO SK\VLFV, LQFOXGLQJ XQLTXH SUREHV RI KLJK 
HQHUJ\ / FROOHFWLYH EHKDYLRU RI WKH VWURQJ IRUFH 

F. GHQHUDO-SXUSRVH MRQWH CDUOR JHQHUDWRU GHYHORSPHQW DQG WXQLQJ 
2. E[SHULPHQWDO LQQRYDWLRQ WR HQDEOH QHZ DSSURDFKHV 

D. DHWHFWRU RSWLPL]DWLRQ (H.J. FDORULPHWHU JUDQXODULW\ >13,14@) 
E. LRZ-OHYHO FDOLEUDWLRQ DQG V\VWHPDWLF XQFHUWDLQWLHV 
F. RHFRQVWUXFWLRQ DOJRULWKPV (RQOLQH (WULJJHU), FOXVWHULQJ DOJRULWKPV, HWF.) 

3. EQKDQFLQJ VHQVLWLYLW\ 
D. UQFRYHUHG VFHQDULRV (ORQJ OLYHG SDUWLFOHV, FRPSOH[ GDUN VHFWRUV) 
E. NHZ REVHUYDEOHV (LQFOXGLQJ WUDFN-EDVHG REVHUYDEOHV) 
F. NRYHO DQDO\VLV WHFKQLTXHV (PDFKLQH DQG GHHS OHDUQLQJ) 

AmRng RWheU WhingV, WhiV Zill be a WeVW bed fRU neZ and cUeaWiYe ideaV in WheRU\ 
and anal\ViV. 

 
IW LV DOVR FULWLFDO WR H[DPLQH ZKDW H[SHULPHQWDO DQG WKHRUHWLFDO VWXGLHV ZH VKRXOG GR VWLOO 
DW WKH LHC WKDW ZLOO LQIRUP ZRUN DW IXWXUH FROOLGHUV.  FXUWKHUPRUH, ZH ZLOO FRQVLGHU KRZ 
OHVVRQV OHDUQHG DW WKH LHC FDQ EH DGDSWHG WR IXWXUH, SRWHQWLDOO\ QRQ-KDGURQ, FROOLGHUV. 
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F. NRYHO DQDO\VLV WHFKQLTXHV (PDFKLQH DQG GHHS OHDUQLQJ) 

AmRng RWheU WhingV, WhiV Zill be a WeVW bed fRU neZ and cUeaWiYe ideaV in WheRU\ 
and anal\ViV. 

 
IW LV DOVR FULWLFDO WR H[DPLQH ZKDW H[SHULPHQWDO DQG WKHRUHWLFDO VWXGLHV ZH VKRXOG GR VWLOO 
DW WKH LHC WKDW ZLOO LQIRUP ZRUN DW IXWXUH FROOLGHUV.  FXUWKHUPRUH, ZH ZLOO FRQVLGHU KRZ 
OHVVRQV OHDUQHG DW WKH LHC FDQ EH DGDSWHG WR IXWXUH, SRWHQWLDOO\ QRQ-KDGURQ, FROOLGHUV. 
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E. NHZ REVHUYDEOHV (LQFOXGLQJ WUDFN-EDVHG REVHUYDEOHV) 
F. NRYHO DQDO\VLV WHFKQLTXHV (PDFKLQH DQG GHHS OHDUQLQJ) 

AmRng RWheU WhingV, WhiV Zill be a WeVW bed fRU neZ and cUeaWiYe ideaV in WheRU\ 
and anal\ViV. 

 
IW LV DOVR FULWLFDO WR H[DPLQH ZKDW H[SHULPHQWDO DQG WKHRUHWLFDO VWXGLHV ZH VKRXOG GR VWLOO 
DW WKH LHC WKDW ZLOO LQIRUP ZRUN DW IXWXUH FROOLGHUV.  FXUWKHUPRUH, ZH ZLOO FRQVLGHU KRZ 
OHVVRQV OHDUQHG DW WKH LHC FDQ EH DGDSWHG WR IXWXUH, SRWHQWLDOO\ QRQ-KDGURQ, FROOLGHUV. 
 
 
 
 
 
 
 
 

GHOLYHULQJ D ZKLWH SDSHU WR EH FRPSOHWHG RQ WKH WLPHVFDOH RI BOOST 2021 (LQ WLPH IRU 
WKH FRPPXQLW\ ZRUNVKRS DW WKH UQLYHUVLW\ RI WDVKLQJWRQ). 
 
TKLV LHWWHU RI IQWHUHVW DLPV WR RXWOLQH WKH PXOWLSOH DYHQXHV RI UHVHDUFK WKDW WKH DXWKRUV 
EHOLHYH ZLOO EH LPSRUWDQW LQ WKH FRQWH[W RI SQRZPDVV 2021. AV LQWURGXFHG DERYH, ZH 
EHOLHYH WKDW QXPHURXV WRSLFV RI UHOHYDQFH IRU WKH SQRZPDVV SURFHVV VKRXOG EH 
GLVFXVVHG DQG HYDOXDWHG ZLWK H[SOLFLW FRQVLGHUDWLRQV RI WKH LPSDFWV IRU DQG EHQHILWV 
IURP JSS WKHRU\, SKHQRPHQRORJ\, DQG H[SHULPHQWDO WRROV (ERWK KDUGZDUH DQG 
VRIWZDUH). TKHVH WRSLFV LQFOXGH, EXW DUH QRW OLPLWHG WR:  
 

1. TKHRUHWLFDO LQQRYDWLRQ WR HQDEOH QHZ DSSURDFKHV, LQFOXGLQJ DGYDQFHV LQ IL[HG 
RUGHU, UHVXPPDWLRQ, DQG QRQ-SHUWXUEDWLYH FRUUHFWLRQV 

D. (BH\RQG WKH) SWDQGDUG PRGHO SDUDPHWHUV (𝛼​V ​(LQFOXGLQJ UXQQLQJ), P​WRS​, 
EFTV, HLJJV VHOI FRXSOLQJ, HWF.) 

E. UQLTXH WHVWV RI IXQGDPHQWDO SK\VLFV, LQFOXGLQJ XQLTXH SUREHV RI KLJK 
HQHUJ\ / FROOHFWLYH EHKDYLRU RI WKH VWURQJ IRUFH 

F. GHQHUDO-SXUSRVH MRQWH CDUOR JHQHUDWRU GHYHORSPHQW DQG WXQLQJ 
2. E[SHULPHQWDO LQQRYDWLRQ WR HQDEOH QHZ DSSURDFKHV 

D. DHWHFWRU RSWLPL]DWLRQ (H.J. FDORULPHWHU JUDQXODULW\ >13,14@) 
E. LRZ-OHYHO FDOLEUDWLRQ DQG V\VWHPDWLF XQFHUWDLQWLHV 
F. RHFRQVWUXFWLRQ DOJRULWKPV (RQOLQH (WULJJHU), FOXVWHULQJ DOJRULWKPV, HWF.) 

3. EQKDQFLQJ VHQVLWLYLW\ 
D. UQFRYHUHG VFHQDULRV (ORQJ OLYHG SDUWLFOHV, FRPSOH[ GDUN VHFWRUV) 
E. NHZ REVHUYDEOHV (LQFOXGLQJ WUDFN-EDVHG REVHUYDEOHV) 
F. NRYHO DQDO\VLV WHFKQLTXHV (PDFKLQH DQG GHHS OHDUQLQJ) 

AmRng RWheU WhingV, WhiV Zill be a WeVW bed fRU neZ and cUeaWiYe ideaV in WheRU\ 
and anal\ViV. 

 
IW LV DOVR FULWLFDO WR H[DPLQH ZKDW H[SHULPHQWDO DQG WKHRUHWLFDO VWXGLHV ZH VKRXOG GR VWLOO 
DW WKH LHC WKDW ZLOO LQIRUP ZRUN DW IXWXUH FROOLGHUV.  FXUWKHUPRUH, ZH ZLOO FRQVLGHU KRZ 
OHVVRQV OHDUQHG DW WKH LHC FDQ EH DGDSWHG WR IXWXUH, SRWHQWLDOO\ QRQ-KDGURQ, FROOLGHUV. 
 
 
 
 
 
 
 
 

https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF5_EF7-TF7_TF0-IF6_IF3-CompF3_CompF0_Ben_Nachman-140.pdf
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF5_EF7-TF7_TF0-IF6_IF3-CompF3_CompF0_Ben_Nachman-140.pdf


TKH BOOST CRPPXQLW\ 
 

H. AEGROPaOHNL, IPM (IUaQ) 
A. AQJHUaPL, LaZUHQFH LLYHUPRUH NaWLRQaO LaERUaWRU\ 
M. AUUaWLa, UQLYHUVLW\ RI CaOLIRUQLa RLYHUVLGH  
J. M. BXWWHUZRUWK, UCL 
A. T. AUFH, DXNH UQLYHUVLW\ 
R. CaPaFKR TRUR, LPNHE/CNRS 
M. CaPSaQHOOL, UCL 
G. CKaFKaPLV, LIP 
S. CKaWWHUMHH, TIFR  
S. CKHNaQRY, ANL 
Y.-T. CKLHQ, SWRQ\ BURRN UQLYHUVLW\ 
K. CRUPLHU, UQLYHUVLW\ RI ZXULFK 
L. CXQTXHLUR, ORNL 
M. DaVJXSWa, MaQFKHVWHU 
C. M. DHOLW]VFK, UQLYHUVLW\ RI AUL]RQa 
C. DRJOLRQL, LXQG UQLYHUVLW\ 
J. DROHQ, PXUGXH UQLYHUVLW\ NRUWKZHVW 
R. EUEaFKHU, UC DaYLV 
J. GRQVNL, CROXPELa UQLYHUVLW\ 
L. GRXVNRV, CERN 
P. GUaV, UQLYHUVLWp PaULV-SaFOa\, CEA/IUIX 
P. HaUULV, MIT 
A. HLQ]PaQQ, UQLYHUVLWlW HaPEXUJ 
B. T. HXIIPaQ, O[IRUG UQLYHUVLW\ 
Z. B. KaQJ, UCLA 
D. KaU, UQLYHUVLW\ RI WLWZaWHUVUaQG 
M. KaUaJR], UQLYHUVLW\ RI MaU\OaQG 
R. KRJOHU, UQLYHUVLWlW HaPEXUJ 
P. KRPLVNH, MIT 
P. KRQWa[aNLV, NaWLRQaO aQG KaSRGLVWULaQ UQLYHUVLW\ RI AWKHQV 
V. KRWZaO, DXNH UQLYHUVLW\  
C. LaQJH, CERN 
A. LaUNRVNL, RHHG CROOHJH 
M. LHBOaQF, UQLYHUVLW\ RI AUL]RQa 
R. LHPPRQ, DaUHVEXU\ LaERUaWRU\, UK 
S. H. LLP,  KEK  
P. LRFK, UQLYHUVLW\ RI AUL]RQa 

C. MDQWLOOD-SXDUH], FNAL 
P. MDUWtQ, IFT MDGULG 
S. MDU]DQL, UQLYHUVLWj GL GHQRYD 
C.MFLHDQ, UQLYHUVLW\ DW BXIIDOR 
D. W. MLOOHU, UQLYHUVLW\ RI CKLFDJR 
I. MRXOW, SLAC 
J. MXOOLJDQ, LDZUHQFH BHUNHOH\ NDWLRQDO LDERUDWRU\ 
B. NDFKPDQ, LDZUHQFH BHUNHOH\ NDWLRQDO LDERUDWRU\ 
M. NHXEDXHU, UQLYHUVLW\ RI IOOLQRLV DW UUEDQD-CKDPSDLJQ 
M. M. NRMLUL , KEK  
I. OFKRD, LIP-LLVERQ 
T. POHKQ, HHLGHOEHUJ UQLYHUVLW\ 
S. RDSSRFFLR, UQLYHUVLW\ DW BXIIDOR 
J. RRORII, BURRNKDYHQ NDWLRQDO LDERUDWRU\ 
D. RR\, TIFR  
G. P. SDODP, O[IRUG UQLYHUVLW\ 
H. SDQWRV, LIP-LLVERQ 
S. SFKUDPP, UQLYHUVLW\ RI GHQHYD (SZLW]HUODQG) 
A. SFKZDUW]PDQ, SLAC 
S. SLQKD, UQLYHUVLW\ RI WLWVZDWHUVUDQG) 
A. SRWR-OQWRVR, BURRNKDYHQ NDWLRQDO LDERUDWRU\ 
G. SWDJQLWWR, LPTHE / UQLYHUVLWp GH PDULV (FUDQFH) / UQLYHUVLWj GL MLODQR / INFN (IWDO\) 
G. SWDUN, SCIPP, UC SDQWD CUX] 
R. SRXDODK, UQLYHUVLW\ RI SKDUMDK (UAE) DQG ICTP (IWDO\) 
M. SZLDWORZVNL, TRIUMF (CDQDGD) 
J. TKDOHU, MIT 
M. VRV, IFIC (UV/CSIC) VDOHQFLD (SSDLQ) 
W. J. WDDOHZLMQ, UQLYHUVLW\ RI APVWHUGDP / NLNKHI (NHWKHUODQGV) 
C.-H. YHK, NDWLRQDO CHQWUDO UQLYHUVLW\ (TDLZDQ) 
S.-S. YX, NDWLRQDO CHQWUDO UQLYHUVLW\ (TDLZDQ) 
D. MHOLQL, THFKQLRQ (IVUDHO) 
D.M. PRUWLOOR QXLQWHUR, LPSC/CNRS (GUHQREOH) 
B.SDOPDVVLDQ, SKLUD] UQLYHUVLW\ (IUDQ) 
MDULD VLWWRULD GDU]HOOL (HDPEXUJ UQLYHUVLW\) 
H.X. =KX, =KHMLDQJ UQLYHUVLW\ (CKLQD) 
J. S. BRQLOOD (UC DDYLV) 
M. FHLFNHUW (UQLYHUVLW\ RI IOOLQRLV DW UUEDQD-CKDPSDLJQ) 



12Join us!

Please join this Slack channel or this Google group.
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https://join.slack.com/t/boost2020/shared_invite/zt-e25823hh-bIWQuCv~RxLwxY~gL8a__Q
https://groups.google.com/u/1/g/boost2020snowmass
https://join.slack.com/t/boost2020/shared_invite/zt-e25823hh-bIWQuCv~RxLwxY~gL8a__Q
https://groups.google.com/u/1/g/boost2020snowmass
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