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CERN Accelerators
(not to scale)

LHC: Large Hadron Collider
SPS: Super Proton Synchrotron
AD: Antiproton Decelerator
ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy lon Ring

CNGS: Cern Neutrinos to Gran Sasso
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“Well known”processes,
don’t need to keep all of
them ...

New Physics!!
This we want to keep!!

Filip Moortgat, CERN
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Hard (shert-disTance.) cross secion
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t o(pp —»H+X)
ggfusion Vs =14 TeV
m, = 175 GeV
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Branching Ratio (Higgs)

100/ 200 300 40 50~
Higgs Mass (GeV)

Low mass region: m(H) <2 m, :

H - vy : small BR, but best resolution

H — bb : good BR, poor resolution: ttH, WH
H- ZZ* - 4/

H - WW* o /v/v or /vjj : via VBF

H — 11 : via VBF

Southern Methodist Univ. Yongsheng Gao

Dominant BR for

m,<2m,:

o (H - bb) = 20 pb;

c (bb) = 500 ub

for m(H) = 120 GeV

— no hope to trigger
or extract fully
hadronic final states

— look for final states
with(,y ({=en)

m(H) > 2 m,:
Ho2Z - 4/
qqH —» ZZ - (/ vv
qqH - ZZ - /7 jj

qqH - WW- Ajj
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Comme.n‘l's on tha Hfggs search @ the LHC
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Events/500 MeV for 100 fb~"1

nght Higg

If m, <140 GeV : gg — h — yy most promising channel,
although BR only 1073 ...

ngy,

—— motivation for high resolution ECAL 5y

(PbWO, crystals: 1% at 100 GeV)

8000 [°% H Sy

7000 |

6000 - Higgs signal

5000 f

4000 |-

Physics @ LHC, YITP Kyoto, December 2004 Filip Moortgat, CERN
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Events / 2 GeV for L., =10°pb!

* clean signal, mass resolution 1%

* mass range:130 GeV < M;< 500 GeV

| 1 I I [ I I I 1

80+ i —
H—ZZ*— 4/t CMS
60 + 30, cut, 105 pb-‘l
™ tracker isol., all leptons: ]
—~ (R=0.2; pr > 25 GeV). -~
it + Zbb + ZZ* -
20 \ y
100 120 140 160 180 200

+
M (417) GeV
Physics @ LHC, YITP Kyoto, December 2004
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Hadron colliders are broad-band exploratory machines
May need to study W -W, scattering at a cm energy of ~ 1 TeV

q YA
W /W
D > H 2 q o p
q
= E, ~ 500 GeV Zz°
& B ™ 1 TOV
D Bogn ™0 oV
= pp collisions at7+7TeV =——p> |14 TeV collider
Event Rate = L.c.BR —p [, ~10% cm?2 s°!

e.g. H(1 TeV) = ZZ - 2e+2u or 4e or 4

For L ~1034, Evts/yr =103 1037.103.107 ~ 10 /yr !!

Physics @ LHC, YITP Kyoto, December 2004

Filip Moortgat, CERN



Search for Higgs at LHC

qqH —» gqq WW* a9 - 945
— 1
— qqlvlv o il
—>qq lvvhyv
§O.5h > s'llllllllllllllllliljl
"*-é : [ Higgs signal 160 Ge c‘s =
b‘“ 4.4 k- 0 tt background W 7 : mH=120 Gev—;
__': === WW bockground é 6 - L ..
03 |- e & 41 .’
; 4 I tt, WWEW -
02 - E
: 3
E 2
01 —
; 1
; I 0 ==
o My YL 80 100 120 140 160 180
m; (GeV) m,, (GeV)

ﬁ
Southern Methodist Univ. Yongsheng Gao 31



Hlisghns 0 8 d yee-
H=271. Tt (%) Z - i’c: L (AR
e ThH (R T e Ve )
SAAANAA, AN
chivality £lip chil-nlipr conserudlion
s T MR = T 7 vl
T ve Tg &~ =
T o G M, V B --—P R~
soft \ hard T~
Vt
- -2 4 0 (—Q—-
% 2 i 7:
harel L7 seft 4L~ f
Z _?{-ll.:i-;_ ,Sﬂf't Tl't ?&M £$
w3 havd T* x soft £F
H -7 {TLTR soft ﬂ* » ﬁu‘F‘t’ ,Q¥

Pk hard T X MK? ‘#"h{)‘lmrﬁ“&

H-os W w'' il vy
w' 4«@-‘3@4 w” w’«@-‘?n@-p w”
y cBf el feergn Yemmo T
L= =30 £ .
small M - 7 /aya;p;



ny P Strategy:
e i’ * reconstruct hadronic t

* reconstruct hadronic top (t—bjj)

Main backgrounds: tt, Wtb, W + jets
W and H* have different spin — exploit t polarization effects !!

(D.P. Roy)
Vv t+ v + t+
LI, SR i e NSNS & ey
" + v v +_w
i BT e—— +— T — »
e s

— harder pions from H* ...

Physics @ LHC, YITP Kyoto, December 2004 Filip Moortgat, CERN



e remember T branching ratios:
-1 > 1wy v, :35%
-t o> at+nn’s:50%
-t = 3nt+nn’s: 15%

signal cone

« prefer hadronic decays (for mass o
rec.) but QCD background is huge %

CMS has developed
L dedicated T trigger for this!!

look for narrow jet (L1) with leading
charged track (n*) (L3) .
signal vertex

Physics @ LHC, YITP Kyoto, December 2004 Filip Moortgat, CERN



¢ H— bbin ttH production
e 0.Br=300 fb
e Backgrounds:
> Wijii, Wijbb
>ttjj
2 Signhal (combinatorics)
e Tagging the t quarks
helps a lot
< Trigger: t —>b(e/u)v
2 Reconstruct both t quarks
¢ In mass region
90GeV<M(bb)<130GeV, S/B =0.3

Physics @ LHC, YITP Kyoto, December 2004
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Filip Moortgat, CERN
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Strategy for wderstnding e SM BG for new physics sipnals
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h ’9 Higgs Discovery Potential at LHC

G
.

LEP: m, > 114.1 GeV

4
§ Jldt=30m" . :HTHTL bb)
= {no K-factors) A B2 -
,g o ATLAS . :1(' H-+ r‘::;“:‘,vl\ 10 fb-1
5 A ggH — yqrtt
% Total significance
H- vy | ttH — ttbb | qqH - qqtt
(/¢ + /-had)
S 150 15 ~ 10
10 B 3900 45 ~ 10
S/B| 0.04 0.33
Sig. | 2.4 2.1 3.5
CLb 9x103 2x10-2 4x10-3
' =0  Tizo 1490 160 180 200

my, (GeV)

Total S/ VB for 10 fb-1 and complete detector: ~ 4.2 ¢

e T T S G et o v e o 4 o g o A SR S TR T Vot s A e e TR S S R P e P e T 2 e VR
Southern Methodist Univ. Yongsheng Gao 27



“’) Higgs mass measurement
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} SM Higgs Decay Width

1 Experimental precision on the SM Higgs width
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