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LHC at 7 TeV: general

LEP limits: not expected to change
Tevatron in 2011: 2 TeV, 10 fb1
LHC run 2010-2011: 7 TeV, 1fb?

Channels of prime interest are those that will allow us to further the Higgs sensitivity

1000 WJS 2010
» higher cross sections at LHC RN
. . . - ratios of parton luminosities

= €.d., gg luminosity with sqrt(s)>70 GeV L at 7 TeV LHC and Tevatron

at LHC is >10 times larger than at Tevatron

o better detector performance -_% 100 F
= e.g., yy mass resolution of CMS is =
about 3 times better than that of %
CDF and DO (3 GeV) E
— B | e e

-
o

o and combination of the above
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Higgs search landscape
SM Higgs

95906 CL exclusion limits
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my > 114.4 GeV my,# 163-166 GeV my s 160 GeV
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LHC : Tevatron
gg—>H CS Ratio (m,—160) —20
Vil CS Retio (rn,~120) —4
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Higgs search landscape as
MSSM Neutral Higgses

9596 CL exclusion Iimit

%100i Tevatron Run Il Preliminary, L= 1.8-2.2 fb”!
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i N LHC : Tevatron
- least restrictive on the (m,, tanp) plane given the LEP search limits ggebb¢ CS Ratio (m®~100) ~20

« Mg,ey=1 TeV, X,=2 TeV, M,=200 GeV, M,=800 GeV, p=+200 GeV

Andrey Korytov (University of Florida) Theory Experiment Interplay at the LHC , April 9, 2010 7



Higgs search landscape
MSSM Charged Higgs

05946 CL exclusion limits
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LHC : Tevatron
pp=>tt CS Ratio —20
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Higgs search landscape as
Beyond SM/MSSM (15t ex

Fermiophobic Higgs

If the EWK symmetry breaking Higgs has nothing to do with fermion masses:

= SM Higgs limits at Tevatron evaporate
= High mass: gg—=>h, h->WW (decay mode is OK, but the production disappears)
s Low mass: VH, h->bb (production is OK, but the decay mode disappears)

= Only one fermiophobic-specific Higgs search h->yy remains

(How about fermion masses? E.g., all this can be self-consistently accommodated in models with two doublets of Higgs fields)

Fermiophobich—yy(3.0fb™)

= TTFTrTTr =t TR R B SRR B o) C
= = CDF Run Il Preliminary i 1 -
€ [ LEP Combined i = m. > 106 GeV I D@, 4.2 f5" preliminary
S | my>110GeV % 1 H - m, > 103 GeV
‘o 107F %/ 0 102 = F
[=] E R 5 X — — & Tt
=$ ) X _ /_\ E i
g r \\———‘_ g |
= - -
= _ x 105 ==—OQObserved Limit
E 10k —e— QObserved limit » b E e xpece lelt
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LHC : Tevatron VBF+VH CS Ratio ~7
Yy mass res. ratio —3
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Higgs search landscape
Beyond SM/MSSM (2nd

Double-charged Higgs
o arises in models with extra higgs triplets
o strongly motivated, it allows for small neutrino masses
(an alternative to see-saw type mechanisms)

my > 104-150 GeV, depending on channel and assuming 100% BR
BR(H**—>uu)=100%

BR(H**—ep)=100% BR(H**—u1)=100% . o
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Stage for Higgs searches at LHC: current
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CMS Projections for 7 TeV and 1 fb-1
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Projection workflo

a  Projections to be shown are NOT new analyses done with 7 TeV MC samples and
new detector simulation/reconstruction software

o« We tried to strike the right balance: not too aggressive -- not too conservative

o Start out from public results at 14 TeV (int. luminosity from 1-30 fb1)

o Re-scale signal and bkgd event counts by the ratio of 7 TeV : 14 TeV cross sections
and project for the integrated luminosity of 1 fb-1

o No corrections for higher acceptance at smaller sqrt(s), up to ~20%
o No corrections for improvements in reconstruction (efficiencies, resolution)

o« Modify systematic errors:
« for backgrounds derived from control samples, scale as 1/sqrt(N)

« Other errors: assess whether to keep as is (e.g. theoretical errors) or inflate to correspond
to a smaller data set

= take into account error correlations

o Statistical analysis:
= Use re-scaled event counts and re-evaluated systematic errors
« Exclusions: Modified Frequentist (CL,)
« Significance: Profile Likelihood
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CMS Physics Technical Design Report 2006

SM Higgs: forerun

CMS, 30 fb

Significance
=

—e— H—yy cuts
—=— H—yy opt
—— HoZZ—4l
—s— H-WWS212v
—— qgH, H-WW-lvjj
—e— qgH, Hott—l+jet
—— qgH, H—yy

BERERE
200
M,,,GeV/c

Andrey Korytov (University of Florida)
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Theory Experiment Interplay at the LHC , April 9, 2010

Updates since 2006
for 14 TeV and 1 fb-?!

https://twiki.cern.ch/twiki/bin/view/CMS/PublicPhysicsResults

= H>OWW PAS HIG-08/006
sensitivity improved wrt 2006

« H2>ZZ PAS HIG-08/003
approx no changes in sensitivity

= VBF H>1t PAS HIG-08/008
fast loss of sensitivity [ faster than 1/sqrt(L) ]
due to running out of signal events

Bottom line: depending on my,
forerunners remain the same,
I.e. inclusive WW, ZZ, vy

PAS — Physics Analysis Summary
13



SM Higgs cross sectio

gg(NNLO) +VBF (NLO) +VH (NLO) + ttH (LO)

(New 7 TeV) —to— (PTDR 14 TeV) | 2| 4g(NLO) +VBF(NLO) +VH(NLO) +IH (LO)
% 43 15 ' '
o 0.7 g
g 06 0
0 o [ Lo \
@ 0.5 7 3 1 ; L ;
S 0| o, 5 f”fféé’IUﬁéh“ ~300/*ga1n‘
2 e e " (projections to be shown | |
el " . os | doinclude these gains)
02 - ., - o
0.1 A
0 0
100 200 300 400 500 600 0 100 200 300 400 500 600 700
mH my (GeV)
Sub-process PTDR now tools used now
gg fusion NLO NNLO HggTotal
VBF NLO NLO VV2H
VH NLO NLO V2HV
ttH LO LO HQQ

Andrey Korytov (University of Florida)
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Rescaling backgrou

General case backgrounds

process ECM=14TeV ECM=10TeV ECM=T7TeV comment

W->1nu 3*%¥20283.7 3%14253.7 3*%*9679.9 MCEFM NLO

DY (20-inf)->11 3*3259.7 3%2323.6 3*1606.6 MCFM NLO

WW 112.5 71.4 42.9 MCEFM NLO

Wz 51.0 31.4 18.3 MCFM NLO

ZZ 15.6 9.9 5.9 MCEFM NLO

ttbar 918 415 165 MCFM NLO

Wt 56.1 26.0 10.5 MCEFM NLO

tg-t_channel 244.6 130.5 62.8 MCEM NLO

tg-s_channel 11.9 7.6 4.6 MSTW 2008 NNLO
W(->1nu)+gamma 5b4.7*%1.8 35.4*1.8 23.2*%1.8 NLO k-Factor from Bauer
Z(->11)+gamma 17.5*%1.8 11.3*%1.8 7.3%¥1.8 NLO k-Factor from Bauer

Example of a special case background

[rewem] Diphox, Gamma2MC:

2 5 born+1frag +2frag + box [all at NLO]
0.9
0-8;— Calculated with the H->yy photon cuts BORN BOX ONE FRAG TWO FRAG
0-7;_ P P P /
06F
055+ +
cn.é:+ e +++++++++++++++"_"+H+++++++++++++++++JFH
0.3 v
E o= s
02F- average 0.446
0.1
L T T P LN [ T TR

M,, (GeV)
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SM HoWW-2l2v

Reference: HIG-08/006 14 Te\/, 1 fbl .

MethOd: Em ?MS‘Pre";niﬁar;j | —— Signal, m =1?IJGe\'E
o treat three final states up, ee, ep separately Bk oo
. = - tt 3
o two isolated leptons o anlst
* MET _ _ o count here
o jetveto (O-jets bin) g
o optimize in three mass ranges 120-140, 150-170, 180-200 wi
.
1 -
o ook for an excess above a cut on the MVA output WL;
[counting experiment] _Il A
107 0.5 0 0.5
. Neural Network Output
o main backgrounds are assessed )
using data-driven techniques: WW, tt, W+jets, Drell-Yan Events at 7 TeV, 1 fb°
50  signal
i m bkgd
40 ; ]
2 o "
[ L |
o 30 f
5 7 .
5 i L 2
% 20j = .
z ]
10: ¢ ¢ N u * o
i L 2
*

100 120 140 160 180 200 220
Higgs Mass (GeV)

Andrey Korytov (University of Florida) Theory Experiment Interplay at the LHC , April 9, 2010 16



SM H-oWW-2l2v

Reference: HIG-2008/006
Method: Counting above a MVA-output cut

Three sub-channels: ee, uu, eu

_ T _ - it 1
CMS Prellmlnary- pro]ectlon for 7 Tev, 1 fb 1 Mar 17 2010 SCMS Prellmfnary Prﬂ]ectlon fOI’\S = ? TeV, L = be

=

o i B Cuton Neural Network Output

-, 10 4 H—- WW [ee, ey, ] — 95% CL exclusion: mean B ®  CutBased Analysis
g ] I 95% CL exclusion: 68% band 5~ -1
o 95% CL exclusion: 95% band i iy

= J N 95% CL exclusion: mean (no sys)

Significance
(]
T

. :
] 2
| | i
SRR S S E
100 150 200 0_I12IOI t I'1‘110l I t‘HJSOi I t1£|30J I I260J
Higgs mass, m y [GeVic?] Higgs mass, GeV/c®
SM Higgs expected excluded range SM Higgs discovery level sensitivity
150-185 GeV 160-170 GeV
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SM H-oWW-2l2v

Reference: HIG-2008/006 TEVATRON
Method: Counting above a MVA-output cut —
Three sub-channels: 2e, 2u, eu O N O O
; .uignuz—-nu F
CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010 é 1o
=
o 2
=, ] — 95% CL exclusion: o
9 104 H—> WW - fee, el . 95% CLgiglﬂgzg::gaiznband
0 95% CL exclusion: 95% band L e ———
= S 95% CL exclusion: mean (no sys) - Swndard Mods i T St
110 120 130 140 150 160 170 180 190 200

Higgs Mass (GeV)

CDF Note 1002,  March 16, 2010

10

95% CL Limit / SM

100 150 200
Higgs mass, m y [GeV/c?

andard Model = 1.

S ey Lss
120 130 140 150 160 170 180 190 200

SM Higgs expected excluded range: 150-185 GeV my (GeV/c)

Phys. Rev. Lett. 104, 061804 (2010) , Feb 12, 2010
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SM H>ZZ-4l

References: 14 Te\{..’., 1fb1
HIG-08/003, NOTEs 2006/115, 2006/122, 2006/136 *

IRAAANRARLS RARRE RERE

c’]

T TTT T TTTI 77T

3 af- B 25 7

Method: St Wz
o four isolated leptons g | E:zz
o |epton impact parameter veto g i Il 200
:g"'s Il 250

o look for a 4l-resonance mass peak
[counting in a sliding mass window]

o dominant background ZZ [assessed from data—Z events] 560 10 200 250 %00 30 v, zs'w
My, ev/c

H— ZZ" — ee pu

Events at 7 TeV, 1 fb?
4 -&-signal
= bkgd

Number of Events
N

100 1000
Higgs Mass (GeV)

CMS
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SM H>ZZ-4l

References: HIG-2008/003 and
NOTEs 2006/115, 2006/122, 2006/136
Method: Counting in a 4l-mass window

Three sub-channels: 4e, 4, 2e2u

CMS Preliminary: projection for 7 TeV, 1 fb! Mar 17 2010

TEVATRON

HoZZ [4e, 4u, 2e2u]

S

n 4 Y49 o0 e . | s o @B - e "
CDF-+D0 Run T Preliminary g;?‘”‘”:d
L=4.3-54fb" perv
3 I +1 s.d. Expected
2 s.d. Expected

== 4G(low-mass)

— 95% CL exclusion: mean
[ 95% CL exclusion: 68% band
95% CL exclusion: 95% band
- 95% CLlechuslion: mean (nowys)

200 400 600
Higgs mass, m 9y [GeVic?]

b

TR

95% C.L. Limit/4G(infinite-mass) Prediction
)

(=]

120 140 160 180 200 220 240 260
m,(GeV)

Sensitivity at m~200 is similar to H>WW (effect of low lumi) DO Note 6039-CONF, March 11, 2010

SM Higgs with 4 fermion generations
- gg—=>H cross section goes up by a factor 32=9 (regardless of how heavy the 4t generation quarks are)
- expected exclusion limit — up to 500 GeV
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Reference: NOTE-2006/112

Method:

two isolated photons [no categories]

14 TeV 30 fb

IBARERAA N |"'_|

=»
_8

'Etﬁmmmmmu 1
23 Higgs M;=130 oV {x10) -

Slanal X 10 et st il

- D3 Higgs M5 BeV (xi0)

'”'TZZEJUGHMIﬂn N N

i e > 30 GEV ]

bt mwnnwvme)-

L Doyejets (2 prompty)
AEERENEN o '1-1-—561 _________ n

Events/GeV
1]
8

o ook for yy-resonance mass peak : . i
[counting in a sliding mass window] B 00 #0120 10 140 15 160 170 180
M., (GeV)
o bkgd is assessed from sidebands Events at 7 TeV, 1 fb?
250 # signal
i m bkgd
]
200 | -
@
o
& 150 " .
5
g ]
= 100
>
zZ
50
A . A S S Y S
100 110 120 130 140 150 160
Higgs Mass (GeV)
Andrey Korytov (University of Florida) Theory Experiment Interplay at the LHC , April 9, 2010 21



Reference: NOTE-2006/112 TEVATRON

90
. . . D@, 4.2 fb" preliminary -
Method: Counting in a mass window i e
=2 5 - Observed Limit
. E““% ----- Expected Limit
No photon categories R [ Expocted Limit £ 1
X 5 50 [0 Expected Limit + 2 ¢
CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010 b_l 40
5 14- . @
£ 14 H— vy  [no photon categories] R e N
F 12 10
2 . — 95% CL exclusion: mean T T T T T e
@] J 100 110 120 130 140 150
] W 95% CL exclusion: 68% band .
!I_ 107 95% CL exclusion: 95% band SM Higgs mass (GeV)
T e 95% CL exclusion: mean (no sys)
8- DO Note 6580-CONF, 11 March 2009
6 — Limits for h— v 7 (5.4 fb)
- cor
4 B gb CDF Run Il Prel
] Tonlk, e g:::::::,':"“:ii: Central Photons
2- T
0 i 3 50:%'
00 120 140 160 3
Higgs mass, m _ [GeV/c 7] ZUE_ gl
10
Note: el 10 5200 EET I TR 15|yoM
This projection does not rely on Higgs specific kinematics. 5 .
So, one can view it as a generic pp=>X->yy search CDF Note 9586, Oct 30, 2008
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Reference:
NOTE-2006/088, PAS HIG-08/008

Method:
VBF signature
and counting events in a tt-mass window

Consider example of m,;=135

PTDR:
14 TeV and 30 b, signal=7.9, signal:bkgd ~ 4:1

PAS HIG-08/008 (re-optimized)
14 TeV and 1 fbl, signal=1.1, signal:bkgd ~ 1:10
exclusion limit r—12

Next year?
7 TeV and 1 b, signal drops by 50%b,

r will get worse (it will be far behind r~4 for H>vy)

rapidity gap

@)
r

Or @

-
O 30~ CMS Preliminary
2 F 1 14 TeV
@ [ | Ldt=11b
225
z =
5 T
S -
o 20—
15
10
5__ 20
C H—=tt—= w4V - expected ofag,
TR WS N ST W RN NSNS S T T S S S N S R T
115 120 125 130 135 140 145

m,, [GeV/c?]

This channel is certainly not a forerunner with early data...
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SM VBF H-1t (2)

And there is one more problem with this channel...

Recently, it was realized that

the classical VBF signature
* two highest E; jets in forward-backward directions
* and large rapidity gap |nje-njer2l With no jets in between (jet veto)

may have large phenomenological uncertainties for signal efficiency

x10" enerator

. [— Herwig++
kill these ni__pythia 6
events J

do/dy*

rapidity gap

O
T

Or @

Christoph Hackstein

0.1

Higgs, 150 GeV
Y =y, =2 (V1Y)

For details:
C. Hackstein at HGF-Alliance-2009: HGF-Alliance "Physics at the Terascale™ annual meeting 2009, 11-13 Nov 2009, DESY, Hamburg

C. Hackstein at DPG-2010: Jahrestagung 2010 der DPG, Deutsche Physikalische Gesellschaft, 15-19 Mar 2010, Bonn University, Bonn 24



SM Higgs Combinatio

TEVATRON

CDF Run Il Preliminary, L=2.0-4.8 fb”' -

CMS Preliminary: projection for 7 TeV, 1 fb” Mar 17 2010 E [0 LEP Excnmion] -+ T T 1
= b1 L=
E
LY 510
3 10 Hyp  HWW A HZZ oo »500f 3
] £
D% — 95% CL exclusion: mean fg
I N 95% CL exclusion: 68% band
L 95% CL exclusion: 95% band -
------ 95% CL exclusion: mean (no sys) 1 i
oy ' Nnvemlmn 2009

100 110 120 130 140 150 160 170 180 190 200

mH(GeWc)
1+
] CDF Note 9999, Nov 17, 2009
(the recent WW update not yet included)
__%_ SM H;ggs Cumblr ation i :OHS{‘,W
é D@ Preliminary, 1:=2.1-5.4 fb! B Exp
T T T T T T T T M T T T T T T T T T T 1 -
100 120 140 160 180 200 S 10
Higgs mass, m y [GeV/c? &

SM Higgs expected excluded range: 145-190 GeV , rd
SM Higgs with 4 fermion generations: <500 GeV 106 110- 135130145 TS0~ 16" 190" 180199 300

November 3, 2009 my (GE}V)

DO Note 6008-CONF, 25 Feb 2010
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Fermiophobic Hi

SM H->yy exclusion r—4 Fermiophobic/SM ratios
N . . . . -1 100 [ T T T [ B E B R T T T T
. CMS Preliminary: projection for 7 TeV, 1 fb Mar 17 2010 F- — . BRu/BRey
z ] o . onlosu (7TeV)
(o] 14 ] 5 [ | | Ohfl Osm
Hd 1 H— v [no pholon categories] o 7§N‘ -~ — (onBRup) (Gh*BRsM)
slﬂe 12_ 10 gfl7:,l::::::::}::::;;:.7?:57:::::7‘7:17:77‘7
o 1 — 95% CL exclusion: mean S N S SR I B R I S
0 104 [ 95% CL exclusion: 68% band C77ro7 ! Lo S
o ] 95% CL exclusion: 95% band L Vo S~
1 95% CL exclusion: mean (no sys) 4 ' | Co T
8 g2 1F S EEEEE = —~
1 [ e N
6] S 177 ~_
] : | \\'\‘\\!\
i _\ | | 1 | | | | | | | |
47 e
2 H--- 1+ i
[ | | | | ! | | | | | | | |
04 : ‘ 001 Ll IW .l b
100 120 140 160 100 110 120 130 140 150
Higgs mass, m y [GeVic?] mH (GeV)

Fermiophobic/SM (see plot on the right)
lose a factor of 10 in cross section [blue line]
Gain a large factor in BR(H->gg) [black line]
CS x BR is larger than that of SM up to 130 GeV

If we do nothing special for fermiophobic Higgs,
r~4 for SM Higgs (see left plot) implies that
we can exclude fermiophobic Higgs with m~110 GeV (see right plot), which is
better than Tevatron, comparable to the Combined LEP limit
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MSSM Higgs b

Cross Section Ratios

' FeynHiggs —hbb
oo T Y 99 — Hbb

— Abb

08 [

07
06
05
04

03 [

7TeV : 14TeV CS Ratio

02 |

01 f

Higgs mass
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MSSM bb®, ®—17

Background pdf(_mﬂ)

References: g
NOTE 2006/075 o 14 TeV
NOTE 2006/101 20 Bl Z+bb/cc/jets
NOTE 2006/105 3 W
g 01— - It
s 0.03; . .
Method: i red lines are fits
0.04;
 isolated T 4T, TpagTe TeT, 002 P B EESY
« MET 100 200 300 400 500 600 700 800 ?guw1g00
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MSSM bb®, &1t

References: NOTEs 2006/075, 2006/101, 2006/105
Method: Counting in a tt-mass window
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Stage for Higgs searches at LHC: current
limits from LEP and Tevatron

CMS Projections for 7 TeV and 1 fb-1

How did we start? — a look at the first data
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First steps with data: muo
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200

Number of photon pairs

CMS PAS PFT-10-001
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First steps with d

CMS PAS EGM-10-001

Electrons from conversions

CMS experiment at the LHC, CERN
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First steps with dat

CMS PAS PFT-10-001

Fake-tau rate vs jet p;
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First steps with

Di-jet event
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First steps with d

CMS PAS JME-10-002

Three different algorithms for MET
o CaloMET: using calorimeter information only
o tcMET: HCal information is track-corrected
o pfMET: particle-flow information

Important: in Higgs analyses, typical MET is very moderate, tens of GeV

Agreement between MC and data in this range is quite remarkable
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Conclusions

With 7 TeV and 1 fb-! of data,
CMS (and surely ATLAS) will be on the map for Higgs searches

CMS projections:

o SM discovery sensitivity: 160-170 GeV
o SM exclusion sensitivity: 145-190 GeV

o MSSM neutral Higgs discovery rich: down to tanf—~20 at low m,
o MSSM neutral Higgs exclusion rich: down to tan~15 at low m,
o MSSM light charged Higgs: production rate is higher than at Tevatron

» Beyond SM/MSSM: a number of opportunities are out there...

First look at data and running experience are very positive!
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