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Discovery     First Hints of the Higgs boson 
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• On December 13, 2011, CERN held a public seminar to announce the first results 

of the Higgs searches: “Tantalizing hints”  

• The ATLAS collaboration showed an intriguing excess at mH~125 GeV, mainly due 

to the H and H4 leptons channels.  

• The Wisconsin group made outstanding contributions in  H and 

H4 leptons and in the Higgs combination effort.  

CERN Council Meeting, Dec 2011 
Expected SM Significance: 2.4 s 

Observed Local / Global: 3.6 / 2.5 s 

Expected from a SM 

Higgs Boson 

Wu 



Discovery     The discovery of the Higgs boson 
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• July 4 2012,   

“Discovery!” 

Wu 

Expected SM Significance: 4.6 s 

Observed:  5.0 s 

5σ 



The Discovery of the Higgs Boson  

Armed with 5σ significance independently from the 

ATLAS and CMS experiments, the Director General 

of CERN, Rolf Heuer, declared: 

“I think we have it” 

“We have now found the missing 

cornerstone of particle physics. We have a 

discovery. We have observed a new particle 

that is consistent with a Higgs boson.” 

July 4, 2012, date of the 

discovery announcement 
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Wisconsin’s contribution to the Higgs discovery 
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(1) We are one of the only two groups of physicists who obtained the 

Hγγ results that led to the discovery 

We made outstanding contributions to the discovery 

Results and plots made by our 

Graduate Student Haichen Wang   
Mass = 126.5 GeV 

4.5σ 

p0: probability that the background 

fluctuates to the observed data 

(or higher) 



Wisconsin’s contribution to the Higgs discovery 
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We made outstanding contributions to the discovery 

(2) We played an outstanding role in obtaining the results of the  

      4-lepton channel 

• Results and plots made by our Graduate Student X. Ju 

• ATLAS ICHEP CONF note co-edited by Assistant 

Scientist Luis Flores   

3.6σ 



Wisconsin’s contribution to the Higgs discovery 
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(3) One of our graduate students is one of the two physicists who 

first obtained the significance of 5σ  

5σ 

We made outstanding contributions to the discovery 

Results and plot made by our Graduate Student Haoshuang Ji 

The chances that the events 

observed were due to random 

fluctuations are less than one 

in three million – 

corresponding to the stringent 

“five sigma” gold standard 

particle physicists insist on to 

claim a discovery. 

p0: probability that the background 

fluctuates to the observed data 

(or higher) 



Wisconsin’s contribution to the Higgs discovery 
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We made very strong contributions 

to the ATLAS plot shown in the cover 

of Physics Letters B 

Our graduate student Haoshuang Ji 

is one of the two physicists who 

made the final results shown in this 

plot 

2011+2012 data 

“Observation of a New Particle in the Search for 

the Standard Model Higgs Boson with the ATLAS 

Detector at the LHC” 

 

Physics Letters B 

September 17, 2012 
5.9σ 



The moment we got 5σ    June 25, 2012, 3 pm  (Video) 
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Graduate Student 

Haoshuang Ji 

announced 5σ 



The moment we got 5σ    June 25, 2012, 3 pm 
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The moment we got 5σ    June 25, 2012, 3 pm 
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5σ 

4σ 

3σ 

2σ 

1σ 



Celebrating 5σ   July 1, 2012   Haichen’s birthday 
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4 leptons 

Luis Flores 

Combination 
Haoshuang Ji 

2 photons 
Haichen Wang 



13 

Photos to celebrate… 

On July 4, 2012 the Higgs working group had a celebratory drink. Everyone is 

watching the corks of the champagne bottles flying up to the ceiling.  



           July 4, 2012         Meeting Professor Higgs 
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Professor 

Higgs 

Professor 

Englert 

On July 4, at the end of the CERN seminar I went to shake hands with 
Prof. Higgs. I told him “I have been looking for you for over 20 years”. 
He replied “now, you have found me”.  
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Media coverage of Sau Lan Wu 
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The four Prize Recipients at the ceremony of the 1995 European Physical Society 

High Energy and Particle Physics Prize in Brussels, Belgium. Front row: G¨unter Wolf 

and Sau Lan Wu; second row: Bj¨orn Wiik and Paul S¨oding. 



17 



18 



Article published in the TRIBUNE DE GENEVE  

on July 31, and August 1, 2008  (translation) 
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In 1995, Sau Lan Wu, a University of 

Wisconsin-based CERN user, was awarded the 

European Physical Society Prize. 

Marie Curie needs no introduction. Born into a under-privileged 

family in Warsaw, through hard work and intelligence she 

succeeded in doing what no other woman has managed – win 

two Nobel Prizes ! After the physics prize for her discoveries on 

radioactivity, she received a second supreme distinction in 1911 

for her work in chemistry. Her daughter, Irene Joliot-Curie, 

followed proudly in her mother’s footsteps when she and her 

husband, Frédéric Joliot, discovered artificial radioactivity and 

were jointly awarded the Nobel Prize for Chemistry in 1935. 

 

In 1948, Maria Goeppert-Mayer, an American of German origin, 

proposed the nuclear shell model of the atomic nucleus, 

publishing her findings at the end of 1949 at the same time as 

German physicist Hans Jensen published an article proposing 

the same theory. They would share the Nobel Prize for Physics 

in 1963. 
 

Happily, other women have distinguished themselves in physics 

and science in general, and particle physics in particular, and 

have been justly rewarded with other, equally prestigious prizes. 

But women are still far outnumbered by men, simply because 

the two sexes don’t embark in equal numbers on careers in these 

disciplines. 

 

CERN, the feminine touch. 

One woman, 89 men… 

How many did you say? Two, five, ten, none at 

all? Since 1901, 178 people have won the 

Nobel Prize for Physics. And of these, just two 

women - Marie Curie in 1903 and Maria 

Goeppert-Mayer 60 years later. Forty years 

have passed since a woman received this 

supreme distinction. For sure, Sweden’s Royal 

Academy isn’t exactly renowned for its daring 

or modernity…but even so ! 



Article published in the TRIBUNE DE GENEVE  

on July 31, and August 1, 2008  (translation) 
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About 10 women have been distinguished in particle physics, mainly Americans. One of them - Sau Lan Wu 

– is currently working with CERN. Sau Lan Wu dreamed of being a painter but, after reading Marie Curie’s 

biography, she decided to devote her life to physics. In 1995, she received the European Physical Society 

Prize for the first detection of three-jet events in e+ e- collisions at PETRA, which amounted to the first direct 

observation of the gluon. All a bit complicated, we agree. Today, Sau Lan Wu manages the group at the 

University of Wisconsin which is doing experiments at ATLAS , one of the detectors at the LHC, which will 

soon be switched on. 

Famous or not, prize-winners or not, women are slowly making their mark on the field of particle physics and 

physics in general. At CERN in particular, more and more women are emerging. The reasons for inequality in 

science are complex, but intellectual capacity is certainly not one of them. In 2005, the former director of 

Harvard, Lawrence Summers, caused a scandal with the following remark: “I’ve noticed that men regularly 

achieve better results in exams and no-one knows why – perhaps it’s biological.” 

Since then, the weight of evidence confirms there is no difference between men and woman when it comes to 

using the grey matter. Aptitude for science has nothing whatsoever to do with gender – or ethnic origin – but is 

shaped by education. Perhaps the real question we should be asking is to what extent our education is 

influenced by parental expectations and social prejudices.  

Author : Anne-Muriel Brouet 

 



The long road to the Higgs boson 
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Physics World    
August 2012 

by Michael Riordan 



“The particle at the end of the Universe”  Sean Carroll 2012 
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Hardcover, Dutton (Penguin group) 

Sau Lan Wu of the University of Wisconsin, 

who has been searching for the Higgs at 

both LEP and the LHC 



The Higgs at Last 
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Translated (or in progress) into many languages. 
German, French, Spanish, Italian, Chinese, Japanese, … 

Co-authors by 

Michael Riordan, 

Guido Tonelli 

and Sau Lan Wu 

Scientific American October 2012 



Scientific American - Special Collector's Edition,  August, 2013 
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“The Higgs at Last”, is 

selected to be the first 

article in a special edition of 

Scientific American devoted 

to “extreme physics”, 

containing 16 of the most 

intriguing articles that 

Scientific American has 

published in recent years.  
 

 

Was published on August 12, 2013 



Published editions (examples) 
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• Italian: “Il bosone di Higgs 
finalmente” (“Le Scienze”, 
italian edition of Scientific 
American). Front page: 

 

• German: Spektrum der 
Wissenschaft, November issue. 
"Der lange Weg zum Higgs" 
(The long road to Higgs) 

 

• Chinese edition of Scientific 
American 
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8 pages devoted to The Higgs discovery 

Peter Higgs, center, of the 

University of Edinburgh, 

was one of the first to 

propose the particle’s 

existence. From left, 

physicists at CERN who 

helped lead the hunt for 

it: Sau Lan Wu, Joe 

Incandela, Guido Tonelli 

and Fabiola Gianotti. 

                                                             
Science Times 
TUESDAY, MARCH 5,2013 

Chasing the Higgs 
Struggle, and finally triumph, in 

the search for physics’ most 

elusive particle.  

By Dennis Overbye 

This photo is shown in 

the first page of the 

science  section. 

It occupies most of the 

page. 

Front page of the 

New York Times 

Photo Caption 
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Science Times 
TUESDAY, MARCH 5,2013 

Sections D6 / D7 

The job of ultimately confirming the boson’s discovery had been 

entrusted to another pair of graduate students,                              , 

                                       , and Aaron Armbruster of the University of 

 Michigan — who had sent the plot that Dr. Gross had woken up 

to in November. They were each working to combine all the Higgs 

data from all the myriad ways it could fall apart and leave a 

trace in the detectors. This calculation would make or break 

the Higgs, because the boson had to behave properly in all 

its guises. 

 

On the afternoon of June 25, Mr. Ji announced he had gotten a 

result of 5.08 sigma, causing cheers to go ringing down the 

corridor outside Dr. Wu’s office; everybody ran to sign the 

printout. The next day, Mr. Armbruster arrived at the same 

result. 

ATLAS was at 5-sigma. 

Haoshuang Ji 

a Wisconsin student 



International Herald Tribune   March 6, 2013 
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The visionary and the 

discoverers   

 
Peter Higgs, center, of the 

University of Edinburgh, was 

one of the first to propose 

the existence of the Higgs 

boson. From left, physicists 

at the European 

Organization for Nuclear 

Research who helped lead 

the hunt for it: Sau Lan Wu, 

Joseph Incandela ,Guido 

Tonelli and Fabiola Gianotti. 

Photo Caption 



March 14, 2013 
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FRONT PAGE   NY TIMES  Oct. 9, 2013 

9 Wisconsin 

members 



Other coverage           Sau Lan Wu was mentioned in: 
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Physics world October 2012  
                      Michael Riordan 
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http://commencement.vassar.edu/ceremony/2014/address/







