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Figure 1 The Ay? curves as functions of the Higgs mass in the
Standard Model: The solid curve is derived from high-Q® precision
electroweak measurement, with blue band from theory uncertainty;
the dashed curve corresponds to the case of different Aaéz()i(M%) ex-
ploited; the dotted curve involves in additional low—Q2 measurement.

The vertical yellow band represents the SM Higgs mass exclusion region
from direct search at the LEP, Tevatron and LHC experiments [27].
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Figure 2 The SM Higgs search results from the CMS in winter,
201139 There is a broad excess over 20 observed near the Higgs
mass region [119, 125] GeV. The local p-values at the left vertical
axis is an estimated probability of upward background fluctuation as
high or higher than the excesses observed in data, the corresponding

standard deviation value can be read from the right vertical axis.

1218

otE A\
109 F
104 F
~N-
E ]
2 F
7 10° F
a g
g0
S 108 |- — Combined obs

---. Exp for SM H

H— bb
— H—o 1t CMS preliminary  *
1010 F
e/ [s=7TeV,L=511fb"
10 g H=WW (s=8TeV,L=53fb" §
102 Sl SN R |

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)

3 CMS 2012 £ ICHEP %y %A H M Sk iR s
Higgs BI45 R 31, Y4 Higgs [REZE 125 GeV M, 5 A4
WM RRE LR T 4.9 MRERE. vy, ZZ FAWW 2&¥

BRE = ANE
Figure 3 The SM Higgs search results from the CMS for 2012 ICHEP
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son mass hypothesis of around 125 GeV. yy, ZZ and WW are the
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%1 CMS XL 7 Moriond2013 i FFT4A HEBE AR F
I8 FHAREREY Higes RITREA R MM RE RIESEE
Table 1 The significance of the median expected and observed event
excesses, and the signal strength, in individual decay modes for a SM
Higgs boson hypothesis, from the CMS results for the Moriond 2013

conference
SHRE O PUE B ME B2 fH5IRE u
@125.7GeV @125.7GeV U = 6/05 @125.7GeV

H—7Z 7.1c 6.70 0.92+0.28 132331
H—yy 390 320 0.774£0.27 13234

H—Ww- 530 390 0.68+0.20 32331
H — bb 220 2.00 1.15+£0.62 132361
H— 11 2.60 2.80 1.104£0.41 13237

w LA =0.80+£0.14 @125.7 GeV 321

% 2 ATLAS I8 7E Moriond2013 &3 _EFT4h H i@ i3 R E
FHIEFHAREEE Higes BYTUHA R UM B BURE KR5S 58
E

Table 2 The significance of the median expected and observed event
excesses, and the signal strength, in individual decay modes for a SM
Higgs boson hypothesis, from the ATLAS results for the Moriond 2013

conference
Sk ToHA{E LA ERegiilca
@125.5GeV 38
H—7Z 440 6.6 1.640.3
@124.3 GeV P @124.3 Gev
H—yy 410 740 15404
@126.5 GeV 401 @126.5 GeV [40]
H—WHw- 370 3.80 1.0+0.3
@125 GeV 4l @125 Gev 1]
H — bb no excess no excess 142431 —04+1.0
H— 17 1.1c 1.70 0.8+0.7

@125 GeV 441 @125 GeV 4443
u ZEAE = 1.30+£0.20 @125.5GeV 381

2)H — ZZ — 41,212v,212q,
3HH - WTW™ —212v,1v2gq,
4) H — bb,

SYH =171,

6)H— utu-,2zy.

X T HE Higgs, H G A (1) 48 7 3 i
K, SIS A A AR BEHOB T IX 2. XS4 Higes
(My < 135GeV), H.3 bb 1)53 3 LR B K1, 4R
XN QCD AJRAR TR, B LAl i GF i -k bt
PRI, G R VH I RE, TR I £ i A2 1
HTEH T v R Py a] DAE bR il B IRAN
Higgs B0 3% 410 1 3848 73 S IR, (2R
FHXTIR /N, R0 27 iz id, AR5 4 4
B2y DRI A ot Ho6 Higgs ot 0 RS v
1M Higgs 2 yy 7 RN, RET 02 JLEHR,
{HJE LUE T 9T 26 1, &% 120 GeV BT (F) Higgs AF
WU 25 Higgs 2] tr 197 3 LA/, (AT
SEHGNE T FSEIRE ) BN H — e, Zy 0501 457
Lo/, H AT bRAER Y Higgs i AU,

X} Higgs -3 00 ZUARCR X0 I 7 A A 1 A 5
AR5y SC LGRS A v 55 S BEHU, Ak, CERN ATLAS
FT CMS L2 5 RS AL T LHC Higgs TAE4L
(LHC Higgs Working Group) 5234, Z 5 4y T #E
TEMEE R, Bl 4 s Bros.

BT IR L BB AR DR O (0 o AT AU,
LHC | CMS HI ATLAS S50 41 T () Higgs -4k T
YR 1 ieya (110, 1000] GeV H Higgs, I HAt
AR BT EL B, AN A A F AR, o 2 A4
[ (1) 73 AT R — AN A, SBT3 2B K 0 2R
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Figure 4 The SM Higgs production cross sections at the 8 TeV LHC
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Figure 5 The decay branch ratio of the SM Higgs [52].

F3 CMS T4k 125 Gev MiILHY%2 B SM Higgs FT R FA B 247
& 55 7E CMS R A MBI E Higes FRE . 85 F R
BISERARR 132 fh, AN L3R VH ARIZET vy, ww F 7 B,
ttH #RICH) 0b &, FF B 22 - 4 B S ABGIHEBE R TET 2
T2 EE

Table 3 The production and decay channels exploited in the CMS
searches for a light Higgs with a mass near 125 GeV [55]. Note
in the updated CMS Higgs combination study on mass and coupling

1321 'more channels are included, e.g. VH tagged yy, WW

measurement
and 77 channels, ttH tagged bb channel, moreover, ZZ — 41 channel has

been divided into two categories according to the jet number smaller than

2 or not
H AR H P2k myy X3 my
(GeV)  INENERE

vy JCHRIC (untagged)  110-150 1%-2%
VBE- fid 110-150 1%-2%

ZZ — 4l JH5 (inclusive) 110-180 1%-2%

WW — Ivlv 0or1jet 110-160 20%
VBE- #ic 110-160 20%

T 0or1jet 110-145 20%
VBE- #ric 110-145 20%

bb VH- #7ic 110-135 10%

i Higgs i MG ST BRSO st B2 o AL
R 3, M T e VH ARE ) yy, Ww R Tt i, tH
FRAC I bb 38, I H ZZ — 41 B W E H KT
T2 FUNT 2 R, A4

R4 CMS BEEEFRLIESTHRE 145 Gev LI LA SM
Higgs FTR ARY i@ 50

Table 4 The production and decay channels exploited in the CMS
searches for a Higgs with a mass above 145 GeV [56]

H H my XI5, m
AR PR (GeV) TR
WW — Ivlv 0/1- W 145-600 20%
WW — Iviv VBF ARit  145-600 20%
WW — Ivgq Tohrid 180-600 5%—15%
ZZ — 4l(l = e, 1) BUIRES 145-1000 1%-2%
ZZ —202t(l = e, 1) BIRAS 200-1000  10%-15%
77 —212q SR 200-600 3%
77— 202v TeRid 200-1000 7%

ZZ — 2012y VBF- #5ic.  200-1000 7%

AR, BATEPEN 41 Higgs B (ORI 9K 1
REAE I HTEE R T, ALK m e B SE K41 cMS
AL JLAE E B TAET WW — Iy + 25156581 D K
Iv+ 100 G438 RN 1vj SR A i
H1E 600GeV LA [T Higgs, N Higgs 4% 3k
(1 W Bl ARK, BRI W 32248 H SR IR AN 2 o LAR
JURBE A A BEBHE (Fat Jet). X AN H1F) H 21
T BRI IR I WHE 458 (Jet substructure) £
ARIOOT DU R A% QCDAR, I S B A S — A 5K
55 B4 FH 21 Higgs 13-4k b4, JER414E 2010~
2011 R ) oS 0 23 A A 161, %) T VBF XL
Y PR it A R S, BRATTHAE T A4,

2 Higgs HEFRTEMIHER
21 CMSH-—vyy

JUEIX—TE 53 3CHUAR /N O6f T 125 GeV it
VT FIFRUAERC RS Higgs, 7F 0.1% B40), (HI2 KSR T4,
HAELL 1%2% 1=k B B i Higgs i, IX—I18 %
B AR A G 0 B ™ A, LA R it )
e RTE g, o a3 n UE s s 1 %045 3
JEA. A T e UK, B oA TR, ek
R4 A TeARIC, VBF A1 VH FRic JL25 9.

6) CMS ST ATF T ol A0 H — yy 3BT 47RO, (HIZ T 125 Gev B FOARIERERY Higgs ANEURK, BATHIA CMS

MIZRET B G R, P LA HEASOFATER
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TEHABSAAH R I B, 158 50 frifgse B 5 AL
e B R 2 R B 07 R b 1930, 5 3 D1
REL 70 HER R ANG 1 I I 73 HE . 78 CMS
PRINZS 67 I E At W G R RE A4S (ECAL) I RE
PR M AE LA AR E1S 211 Supercluster 7431,
h T SWHE R G XA TR, Ot s
AR T MVA 7732, R A8 S A FE R 1 #0 #h A
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Figure 6 The Higgs search results via H — Yy channel, with the full
201142012 data recorded by the CMS.
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Figure 14 The 95% CL upper limits on the signal strength parameter
for the SM Higgs boson hypothesis as a function of the Higgs boson
mass, via VH(H — bb)analysis with the full 201142012 data recorded
by the CMS. The observed values as a function of mass are shown by the
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solid line is for validation by injecting the SM Higgs into background.
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Figure 16 The 68% CL contours for the signal strength versus the
boson mass for the yy and 4/ final states, and their combination. In
this combination, the relative signal strength for the two decay modes

is constrained by the expectation for the SM Higgs boson [32].
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Great progress at the LHC: Discovery of the Higgs boson

MAO YaJun*, BAN Yong, LI Qiang*, WANG DaYong, XU ZiJun, GUO Wei,
WEN YiWen, ZHANG ZhaoRu & LI Jing

Department of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China

In July, 2012, the CMS and ATLAS experiments at the CERN LHC claimed they have found a new particle with a mass near
125GeV. After that, with more accumulating data analyzed and sophisticated technique exploited, CERN made a further
statement on Mar. 14, 2013, that ”"New results indicate that particle discovered at CERN is a Higgs boson”. In this paper,
after a brief introduction of the Standard Model Higgs theory and the search results pre-LHC, we present a detailed review
on the experimental analyzes leading to the discovery of the Higgs boson at the LHC, based on our own Higgs search
experiences inside the CMS collaborations during these recent years, we also mention the status of measuring the mass,
coupling strength, spin and parity of the Higgs boson.
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