


Plan:

* Lightning review of SM Higgs physics
— Discussion of gg—bbh vs bg —bh

— Emphasize understanding of theoretical assumptions

 MSSM results for bg—bh

— Status of current (Summer, 2007) limits

» Effects of squark/gluino loops on bg—bh
— Why are these effects interesting?



Precision measurements limit Higgs Mass

1+ LEP EWWG (July, 2007):
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Producing the Higgs at the Tevatron

Tevatron, My /2 < p < 2Mj,
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Tevatron Run 11 Prehmlnary
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Limits understood from Branching Ratios

SM Higgs Branching Ratio
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SM Production Mechanisms at LHC

LHC, /s = 14TeV, My/2 < p < 2M,,

120 130 140 150 160 170 180 190 200
Mh [GGV]

Bands show scale dependence

All important channels
calculated to NLO or NNLO

Production with b’s
very small in SM




Significance
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pp — bbh

» Why is bbh interesting?
— Direct measurement of b quark Yukawa coupling
(enhanced in MSSM at large tan 3)
— Higgs discovery mode in SUSY models at large tan 3
— Theoretical questions about b quark parton distribution

functions (PDFs)
 Why do NLO corrections? 9 TETTY—— b
— Improved theoretical reliability [ h
— Often find large numerical results e D



Which b mass?

6(bbh)=(m,/v)? I o

Pole mass (from Y decays): B B

my=4.62 GeV 2

MS bar mass: e

N
os""i"';uﬁ""é”"zs

Makes a big numerical difference
which b mass you use
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Use MS Renormalization

* Compute the O(a,) corrections:

I (h— bb)=>Mb (“j 14205 O 3100 My
87 \ v 3w |2 m’

e Define the running b mass

w2

« Large logarithms absorbed to 2-loops

2 — 2
rn=Bo) =t {”5 6720 4 (36-1.4n, )= 0) } I (h— bb) =0 (mO(Mh)j
V4 V4 87 \
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Scale and Scheme Dependence at NLO

*NLO calculations improve scale dependence

*Scale dependence enters in running of o,(l) and PDFs, g(l),
as well as o’log() contributions

*Formally, scale dependence is O(o,*) but may be
numerically large

0.08 pp % bb h , —
Vs=14 Tev " » Large remaining
Mh=120 GeV o G '
ooe Do iR e scale/scheme dependence
R M = Siows between OS and MS at NLO
= %, B p,’>20 GeV
é | \“nx In<2.5 ] > Effect = 10-20%
& / S % “} Scheme dependence
0 : : : - |
0.2 0.5 1 2 4 8

W/,

/

Scale dependence 12



What 1s the dominant process for Higgs + b
Production?

h ——F----- h b}_\/h

9 o000 ———} g b

g oo00y—— b q b
A
______ ’ -~k
f

g oo} q b

» Answer depends on whether you tag outgoing b’s

»Is there double counting when including b initial state?
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The b quark as a parton

Absorb collinear logs in b quark distributions

2

DX, 1) = ;ﬂh{rﬁ JI dZZPbgtéjg(z,ﬂ)

b X

— Altarelli-Parisi evolution of PDFs sums o."In"([1?/m,?)
— b quark PDF =0 In(u?/m,?) relative to gluon PDF
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Two Schemes for PDFs:

e 4 flavor number scheme (also called fixed flavor number
scheme)

— No b quarks in 1nitial state

— Lowest order process involving Higgs and b’s 1s
gg—bbh

« 5 flavor number scheme (also called variable flavor
number scheme)

— Define b quark PDFs (absorbs large logarithms)
— Higgs produced with no prat lowest order (bb —h)
— Higgs pr generated at higher orders in expansion

g TEEY—— b b
—————— h VS >-----h,
g T —e— § b
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Counting Rules with b PDFs:
Reordering of perturbation expansion

S — h b -k
7 2 2 2\~
| | h 0, 2In(M, 2/m, 2)=.06
g o0 —>— 1} g b
g TEETY—— b q b
—————— ho o+ >ﬁm~< h 06822.01
g TEOO—— q b
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Re-ordering of Perturbation Theory

* (b tag process in SENS:
~ LO: bboh  O(02A?)
— NLO: Virtual+real corrections O(0’Ay?)
— NLO: bg —bh O(o’Ay) , correction of O(1/ Ay) to tree level
— NNLO: gg —bbh O(cw2), correction of O(1/A42) to tree level

* 1 btag process in SENS:

— LO process 1s bg—bh: Tree level, O(ois”Ay)
— NLO includes new subprocess: gg —bbh, O(1/ Ay) correction to
LO

AbZIO g(Mh2/ mbz)
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Inclusive Cross Section for bb— h: 0 b tags

LA [N B S S S S B S S S B S S S S RN B B S B B S

; o(pp — (bb)H+X)

o(pp — bbh + X) [b] | 1 LHC

o

Vs = 14 TeV ] IF M=120GeV .+ _-- ;
f=(2m, +M,)/4 ] B st ]

707 bb—h(NNLO)

10 £ S8 gg—bbh(NLO)
160 150 200 250 300 350 400 10 & ] 10
M, [GeV] “’F/ MH
bb— h vs gg — bbh Almost no scale dependence at NNLO
Campbell et al, hep-ph/0405302 Harlander & Kilgore, hep-ph/0304035
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What if only 1 b 1s tagged?

AFNS: gg—bbh

0k J5=1.96 TeV
M, =120 GeV/
=, +0A,02

. CTEQE

20

pr> 20 GeV

1000 |

v5=14 TeW
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Hy=m*h,/2
CTECE
1b—tag
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n| <2 (Tevatron), 2.5 (LHC)

AR > 0.4



What about distributions?
Compare 4 and 5 Flavor Number PDF Schemes

Higgs plus single b at LHC:

do
dpl},‘
53

4

3

fh/GeV]

LHC

| ] _ |
99,qq — bbh ~———

gb — bh

pr™> 20 GeV
mf< 2.5
AR > 04
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Gy (&b > bh) (fb)

100
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Good Theoretical Understanding of
Uncertainties

T IIIIIII

— PDF uncertainty (MCFM) |
—- Scale uncertainty (MCFM) |
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Higgs in the MSSM

» MSSM has 2 Higgs doublets: Hd and Hy

) O
P4 -9, 5 = I(\Hh)

» Physical CP-Even Higgs bosons

h®) (c, -s,\h’
H O N s, C, hdo

»Pseudoscalar, A%, and two charged Higgs, H*
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Large tan 3 Changes Relative Importance of
Production Modes
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Production of SUSY Higgs Bosons

» For large tan 3, dominant production mechanism is with b’s

» Dbbh can be 10x’s SM Higgs rate in SUSY for large tan 3
LHC

- H

Cross-section (pb)

T 3 =i S
= = =

S 3 S

Ty w tanf3=30 :

= 2 ¢ |- Hbb 3
tan3=3 B
= 2 s i ~.e E

S © ; S

ge—H (SM) R —__gg—H (SM)

‘-.'j_"-.:'{!’?}{ - gg_>ll 4 BN gg—)!l
L . . Sra, e - -":: \::‘ Hgqq
e Hag Hit %y .,

HZ > HW-.

HZ S HW--

Mh/H (G GV)

SUSY Higgs are produced with b’s!

. .. 25
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pp, pp — bbH

Enhancement in MSSM
Note log scale!

10° k
2 | Vs=14 TeV
v p; >20 GeV ”
10" | s Inl<2.5 .
10° E o ‘?H u=m, +M,/2 ThlS IS Why the
CRLN calculationis
2107 interesting
© -3
10 " o eSM
10" | @ —®MSSM,tanp=10
s [ ®-—®MSSM,tanp=20
107 e ——e MSSM,tanp=40
107 6 ——= —— A e OLsr from FeynHiggs with
0 4 0
M. (GeV) Msusy=Mg= U=M>=1TeV,
Apy=At=25 GeV

Can observe heavy MSSM scalar Higgs boson
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Single b tag

do/dnn (fb/GeV) Tevatron
I | | I
WLCY, qig. 4 — HHA"
NLO MOFM, gl — b0

Ml

il

H

ANl

Lk

do/dnu (pb/GeV) LHC

q

5

Al

I | I |
NLO, go. o — bW HY ——
NLO) MCFM, gh — bH"

MSSM with My=Mp=120 GeV, tan =40
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Single b tag

NLO

i s . — T = 4 ]
ﬁ [fh/GeV] Tevatron ﬁ ph/GeV] LHC
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MSSM with My=Mp=120 GeV, tan =40
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Higgs Branching Ratios

Higgs Decays also affected at large tan 3

 SM: Higgs branching rates to
bb and T°1" turn off as rate to
W*W-turns on (M}, > 160 GeV)

*MSSM: At large tan 3, rates to
bb and T°T" stay large

Heavy H” MSSM BRs

2
mmmmm




MSSM limits from bg—bh (1 fb})

LP, 2007
- mp=*, 1 =0
bbb(b) =

<0, m,"M*

CDF Runll 1 fb
MSSM Higgs Search
95% CL Excluded
Preliminary

S

£ P s i remey, 1.0 07
DS p—er_ 1, 1.0

[ ] 11—-1:1. | e s -l
—_— CSPF ey, 1o
e (CDF e, 1.0 expe el
g LER

%0 100 120 140 160 180 200
m, (GeV/c?) M, (GeV)

30 fb! CMS expects to get to tan 3 ~ 15 through bh; h—1*1, h—bb
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A Reliable Prediction

 We have bg —bh at QCD NLO
— PDF/scale/scheme uncertainties ~ 10-20%

* Are squark/gluino contributions relevant?
— Important for bb—H, A at LHC
— For some parameters as large as -50% effects

— Squark/gluino effects almost completely described by
| mproved Born Approximation

[

- .l-'.li'
I e Y
i -
j ‘ ﬁaj Dittmaier et al, hep-ph/0611353
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Need SQCD for Reliable Predictions
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Squark/gluino loops important for large tan 3
and small Mgysy

gb ->bH @ LHC

0 =5 Note slow
R e e approach to
e e decoupling limit
############ for large tanf

——— Full SQCD

MHU = 250 GeV
i =200 GeV
M,=M, =M, =A =M

-0.4

SUSY

-0.5

500 1000 1500 2000 2500 3000

Mgysy [GeV]
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gb—b¢o

[ LM =129 GeV
¢ "h,Max
500 - : e | D)
g et IBA
= @ ; s —— NLO (gluon only)
Q : s S Complete NLO
=400 |- :
S 2\\:-& tanB = 40
§ i \\\ @ =200 GeV
300 |- o=
O K Vs =14 TeV
[c
< 200 -
2
100 =
O 1 1 I

120 140 160 180 200

Higgs Mass [GeV]
Dawson, Jackson, 34

hep-ph/0709.4519



Can gb—b@ +jet be useful?

do/dp [pb/GeV]
o

[ My = 150 GeV
0.001 | . .
F 02 cuts: pT(Jet) =30 GeV
0.0001 In(jet)l = 4.5
0.00001 [
o
100

priet) [GeV]

More soon.....
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Conclusions

In the MSSM Higgs and b quarks go together at large tan [3

Higgs production with b’s is dominant mechanism for tan 3
> 7

Theoretical understanding of b PDFs: compatible answers 1in
4FNS and SFNS for PDFs

SUSY QCD corrections can be the same size as QCD
corrections
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Jan, 2007

CMS., 100 fb™1

no stop mixing

H*— tv. 10 pb™!
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